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RESUME 

Le  pr6sent  rapport  d6crit  les  m6thodes  employ6es  pour  Evaluer 
les  possibilitgs  de  dommages  caus6s  par  les  inondations  et  les  bEnEfices 
structuraux  que  l'on  peut  retirer  gr3ce 2 la  construction  d'ouvrage  de 
contr8le  contre  les  inondations  dans  la  vallge  du  Fraser.  Bien  qu'il  fixe 
les  dommages-intErSts  de  la  vallge,  il  porte  essentiellement  sur  les 
m6thodes  d'analyse  et  indique  l'exactitude  des  rssultats.  Donc, il offre 
de  bonnes  lignes  directrices  pour  les  6tudes  futures. 

La  premibre  partie du rapport  6labore un plan  g6n6ral.  I1  fixe 
les  cofits  et  fait  connaTtre  les  avantages  de  l'am6nagement  dans m e  plaine 
inondable.  Par  la  suite il met  l'emphase  sur  un  des  plus  importants  aspects 
des  6tudes  sur  les  dommages  caus6s  par  les  inondations,  le  processur  employ6 
pour  calculer  la  moyenne  des  dommages  annuels.  I1  laisse  entendre  que 
lorsque  des  digues  font  partie  d'un  ouvrage  de  protection  dans  un  bassin, 
une  prime  non  reconnue  est  incluse  dans  les  6valuations  des  pertes  moyennes 
annuelles  de  salaire  et  de  propri6t6.  Cette  prime  reflbte  la  valeur 
implicitement  donn6e  aux  pertes  immatErielles  et 2 ceux  qui  courent  des 
risques.  Selon  la  pr6sente  Etude,  les  pertes  moyennes  annuelles  de  ce  genre 
peuvent  atteindre  jusqu'2 70%. 

La  deuxisme  partie du rapport  decrit  les  technique  employEes  pour 
<valuer  les  fonctions  synthEtiques  6tapes-dommages.  Elle  indique  (1)  comment 
on  s'est  servi  des  techniques  de  moyenne  pour  obtenir  des  6valuations  justes 
des  possibilitgs  des  dommages  aux  r6coltes  et  aux  r6sidences. (2) comment 
les  cartes  inondations-intensit6s  furent  dress6es  aux  fins''  d'acc6lerer  le 
processus  d'Evaluation. (3)  comment  furent  collig6es  et  analysEes  les  donn6es 
relatives  aux  Etudes  sur le terrain  dans le but  de  fournir  des  Evaluations 
acceptables  des  dommages  commerciaux et industriels et des  pertes  de  salaire, 
et (4) comment  on  a  combing  des  pronostics  sur  l'accroissement  g6nEral et 
sur  la  flambge  des  prix  pour  faire  de  justes  prEdictions  sur  les  dommages 
futurs . 
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s . .$ This   r epor t   desc r ibes   t he  methods  used t o  estimate p o t e n t i a l  ,(" ::~: 

>- v ,  1 '  f lood  damages  and s t r u c t u r a l   f l o o d   c o n t r o l   b e n e f i t s   i n   t h e   P r a s e r   V a l l e y .  
' .  Although i t  inc ludes  estimates of damages f o r   t h e   v a l l e y ,  i t  focuses .'E . 

. I  

==-• 
p r i m a r i l y  on .methods  of   analysis   and  indicates   the  accuracy  of   the re- . .  

I ?  .' 
1':: s u l t s .   T h e r e f o r e ,  i t  provides  a good set of g u i d e l i n e s   f o r   f u t u r e   s t u d i e s .  

1 .  . I t  def ines   : the  costs   and  benefi ts   of   occupying a f loodp la in .  It then  

The f i r s t   p a r t  of the   repor t   deve lops  a gene ra l  framework. 
I) ' , 
0 .  

concentrates   on one  of t h e  most c r i t i c a l   a s p e c t s   o f   f l o o d  damage 

s t u d i e s  - the  procedure  used to   ca l cu la t e   ave rage   annua l  damages. It 

s u g g e s t s   t h a t ,   f o r   b a s i n s   i n   w h i c h   d y k e s  form a p a r t   o f  a p r o t e c t i o n  
> 

L scheme, an unrecognized  premium is  i n c l u d e d   i n  estimates of average 

annual  property  and  income  losses.   This premium r e f l e c t s   t h e   v a l u e  

impl i c i t l y   a s s igned   t o   r i sk - t ak ing   and   i n t ang ib le   l o s ses .   In   t he   p re sen t  

s t u d y ,  i t  could be  as much as 70% of t h e  computed  average  annual  losses. 
'3 ', 
: :  

1, * t o  estimate s y n t h e t i c  stage-damage  functions. It shows 1) how aver- 
;@ 

The second  par t   o f   the   repor t   descr ibes   the   t echniques   used  

$ .  

t aging  techniques were used to   ob ta in   accu ra t e   a s ses smen t s  of p o t e n t i a l  2& . .  
' ' 8  ' damages t o   c r o p s  and r e s idences ,  2) how flood-depth maps were developed 

+ I  f o  speed   t he   e s t ima t in?   p rocess ,  3) haw f i e l d   s u r v e y   d a t a  were c o l l e c t e d  
\;, I 

:: . t r i a l  damages  and  income l o s s e s ,  and 4 )  how simple  growth  and  price 

. .  change  project ions were devised  and  used  to  make adequate   forecas ts  of 

I .  I and  analysed to  provide  reasonable  assessments  of  commercial   and  indus- 
* .  

, I .  f u t u r e  damages. 

. .  
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PART I 

GENERAL METHOWLOGY 



CHAPTER I 

INTRODUCTION 

STUDY OBJECTIVE 

S i n c e   t h e  1800's , urban  and  rural  develoDments  have  encroached 

upon the   f l oodp la in   i n   t he   F rase r   Va l l ey .   Desp i t   vas t   dyk ing   sys t ems   and  

ups t r eam  r e se rvo i r s   t ha t   cu r ren t ly   p rov ide  some p r o t e c t i o n   f o r  most  of 

t h e s e  areas, t h e   t h r e a t  o f   f looding   and   the   poss ib i l i ty   o f   ex tens ive  damage 

be ing   su f f e red  by f l o o d p l a i n  ac t iv i t i e s  s t i l l  r e m a i n s .   I n   o r d e r   t o  assess 

the   magni tude   o f   the   p roblem,   the   p resent   s tudy  was conceived  to   measure 

t h e   p o t e n t i a l   f l o o d  damage i n   t h e   e n t i r e   F r a s e r  River System,  the  impact 

t ha t   ma jo r   f l oods  would  have  on B r i t i s h  Columbia,   and  the  ameliorating 

e f f ec t s   t ha t   p roposed   dykes  and r e s e r v o i r s  would  have  on the   f lood   hazard .  

Major  emphasis w a s  p laced  on a s s e s s i n g   f l o o d  damage p o t e n t i a l   i n   t h e  Lower 

Fraser   Val ley  , Kamloops , Prince  George  and  Quesnel  because  these areas 

incorporate   a lmost  a l l  o f   t he  urb'an  and rural   developments   threatened by 

f l o o d s  i n  t h e   b a s i n .  

REPORT ORIENTATION 

Many s t u d i e s  of f lood   haza rds   and   po ten t i a l  damages have  appeared 

s i n c e   t h e   e a r l y  1940 's .  Many devices  have  been  used  and  proposed  to 

e l imina te   these   hazards   and  many methods  have  been  adopted t o  assess t h e  

cos ts   o f   f loods   and   the   benef i t s   o f   f lood   cont ro l   measures .  Out of   these  

s t u d i e s   h a s   a r i s e n  a body  of l i t e r a t u r e   t h a t   h a s   g r a d u a l l y   r e d u c e d ,   t o  

manageable  proportions , t h e   a r r a y  of problems  involved  in   such  assessments .  

This   repor t   descr ibes   the   methods   devised   and   used   in   the   Fraser  

S t u d y   t o  estimate p o t e n t i a l   f l o o d   l o s s e s   a n d   t h e   b e n e f i t s   o f   s t r u c t u r a l  

f lood  controlmeasures .   Al though i t  a p p l i e s   s p e c i f i c a l l y   t o   t h e   F r a s e r  

River, i t  i s  i n t e n d e d   t o   b e   g e n e r a l  enough t o  serve as a g u i d e   f o r   o t h e r  

s tud ies .   Thus ,   whi le  i t  does  enumerate   potent ia l   f lood  losses   (Appendix 

H)  , i t  concen t r a t e s   p r imar i ly   on   me thods   and   i nd ica t e s   t he   s ign i f i cance   o f  
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d i f f e r e n t   t y p e s  of damage and the   accuracy  of t h e   r e s u l t s .   I n   t h e   . p r o c e s s ,  

i t  o f fe r s   bo th   mod i f i ca t ions  of ex is t ing   t echniques   where   the  l a t te r  

appear   inadequate ,   and  adaptat ions of s tandard  procedures  where d a t a  are 

e i t h e r   u n o b t a i n a b l e   o r   u n p r e d i c t a b l e .  

Chapter I provides  a g e n e r a l   d e s c r i p t i o n  of t h e  cos ts  of flood- 

ing  and the   bene f i t s   o f   f l ood   con t ro l .  It out l ines   four   recognized   cos ts  

of  flooding  and  presents  one of t hese ,   t he   oppor tun i ty   cos t  of foregoing 

c e r t a i n   a c t i v i t i e s   b e c a u s e   o f   t h e   f l o o d   h a z a r d ,   i n  some depth. 

Chapter I1 desc r ibes   t he   p rocess  by which  potent ia l ,   average 

annual   values   of   f lood damages are ca l cu la t ed .  It  no te s  some of the  tech-  

n i ca l   p rob lems   t ha t   evo lve  when engineer ing  and  hydrological   concepts  are 

t r a n s l a t e d   l i t e r a l l y   i n t o  economic terms. It illustrates the   s t anda rd  

procedures   for   measur ing   s t ruc tura l   f lood   cont ro l   benef i t s ,   examines  al- 

t e rna t ives   t ha t   migh t   be   u sed   t o   improve   ana lyses ,   and   ou t l i nes   t he  method 

employed i n   t h e   c u r r e n t   F r a s e r  River Study. 

Chapters I11 through I X  are devo ted   exc lus ive ly   t o   desc r ib ing  

t h e  methods  used t o  estimate t h e   l o s s e s  of  income  and  property  that  would 

occur   i n   t he   even t   o f  a Fraser   River   f lood .  They summarize the   s t eps   u sed  

t o   e v a l u a t e   s p e c i f i c   t y p e s  of  damage, such as r e s i d e n t i a l  and   ag r i cu l tu ra l ,  

and comment upon the   accuracy   of   the   resu l t s .  They also  develop a crude 

model dep ic t ing  a l i k e l y  growth p a t t e r n   f o r   t h e  Lower Frase r   f l oodp la in  

and  present  a method f o r   p r e d i c t i n g   t h e   i m p a c t   t h a t   s u c h  a p a t t e r n  w i l l  

have on t h e   f l o o d  damage p o t e n t i a l  of the   reg ion .  

This   repor t   does   no t   examine   the   benef i t s  of a l l  s t r u c t u r a l  means 

of f lood   con t ro l   no r   does  i t  cons ide r   t he   bene f i t s  of non- s t ruc tu ra l  

a l t e r n a t i v e s .  However, i ts  nar row  focus   should   no t   be   cons t rued  as an 

ind ica t ion   o f   t he   s ign i f i cance  of t h e   r o l e  alternatives can   p lay   in  a f lood  

c o n t r o l  scheme. It is simply a r e f l e c t i o n  of t h e  terms of reference  under  

which t h i s   s t u d y  was undertaken.- 1/ 

J., 
Y 

. 

i 

- 1/ For   an   exce l len t   and   en l igh ten ing   d i scuss ion  on t h e   b e n e f i t s  of non- 
s t r u c t u r a l  ways  of  approaching  the  flood  problem (i.e. zoning  and  flood 
insurance)   and of emergency  measures  and  other  structural  means of 
f l o o d   c o n t r o l ,  see Lind  (1967:  345-357).  For an e x t e n s i v e   p r e s e n t a t i o n  
of optimum combinat ions  of   s t ructural   and  non-structural   f lood  control  
measures, see James (1965). 

L 
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THE COSTS  OF  FLOODING AND THE BENEFITS OF  FLOOD  PROTECTION 

P 

The b e n e f i t s  of provid ing   f lood   pro tec t ion  are def ined  as t h e  

r e d u c t i o n   i n   c o s t s  due t o   f l o o d i n g   t h a t   o c c u r s   w i t h   t h e   i n t r o d u c t i o n  of 

protective  measures.   These  costs  can  be  grouped  into  four  categories : 

1) l o s s  of proper ty  and  income, 2 )  r i sk- tak ing ,  3) i n t a n g i b l e s  and 

4 )  r e s t r i c t i o n s  on the   use   o f   the   f loodpla in  by c e r t a i n   a c t i v i t i e s   b e -  

cause   o f   t he   f l ood   p rob lems .   Th i s   ca t egor i za t ion   f ac i l i t a t e s  a clear 

i d e n t i f i c a t i o n  of the   cos ts   o f   us ing  a f loodp la in  and an understanding 

of t h e  real  benef i t s   o f   f lood   cont ro l   measures .  

1. PROPERTY AND INCOME LOSSES 

The f i r s t   c o s t  is  conceptually  simple.   Floods  destroy  property 

and   d i s rup t   economic   ac t iv i ty   t he reby   i n f l i c t ing   l o s ses  on an  economy. 

These  losses  are c l a s s i f i e d  as "primary"  and  "secondary" damages. Primary 

l o s s e s  are t h o s e   t h a t   o c c u r   d i r e c t l y   t o  economic ac t iv i t ies  loca ted  on the  

f loodp la in .  They inco rpora t e   such   f ac to r s  as r e s i d e n t i a l ,   a g r i c u l t u r a l ,  

commercial  and i n d u s t r i a l   p r o p e r t y  damage, -destruct ion  of   roads,   ra i lways 

and u t i l i t i e s ,   l o s s e s  of p r o f i t s  and  income  of those  employed  on the   f lood-  

p l a i n ,   f r i c t i o n a l   c o s t s   i n v o l v e d   i n   t r a n s f e r r i n g  and defer r ing   product ion  

o f   f l ood   d i s rup ted   i ndus t r i e s  and l o s s e s   o f   r e n t s   a c c r u i n g   t o  homes t h a t  

must be  abandoned  during  high water periods.  Secondary losses are perm- 

anent income l o s s e s   t h a t   o c c u r   t o   i n d u s t r i e s   l o c a t e d   o f f   t h e   f l o o d p l a i n  as 

a consequence  of   f lood-inf l ic ted  severances  of   l inkages  with  suppl iers  

and/or  consumers. They arise e i ther   because   p roduct ion   de lays   and   losses  

are caused by d is rupt ions   o f   the   in te r - indus t r ia l   f low  pa t te rns   o f   in te r -  

media te   goods   o r   because   f ina l  sales t o  consumers are in te r rupted .   Both  

primary  and  secondary  losses  and  techniques  of  assessing them are t h e  

s u b j e c t  of   discussion  in   Chapters  111 through I X  and  warrant   no  fur ther  

a t t e n t i o n   h e r e .  

Standard  methods  of  estimating  f lood damages requi re   the   ca lcu-  

l a t ion   o f   t he   po ten t i a l   ave rage   annua l   va lues  of t hese  damages over  a 

g iven   per iod .  The s p e c i f i c   s t e p s   i n   t h e   c a l c u l a t i o n  w i l l  b e   d e s c r i b e d   i n  

d e t a i l   i n   C h a p t e r  I1 , b u t  a t  p r e s e n t ,  a s impl i f i ed   exp lana t ion  is requi red .  

I n i t i a l l y ,   t h e   f r e q u e n c i e s  of occurrence  of  given  annual m a x i m u m  water 
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levels are de r ived   f rom  h i s to r i ca l   da t a .   Then ,   t he   p robab i l i t y   d i s t r ib -  

u t i o n  of t h e s e   l e v e l s   f o r  any one y e a r  i s  assumed t o   m i r r o r   t h e   h i s t o r -  

i c a l  pa t t e rn .   Nex t ,   t he  damage t h a t  w i l l  occur i n   t h e   e v e n t   t h a t   t h e  

r i v e r  rises t o  each   leve l  is e s t ima ted .   F ina l ly ,   t he   po ten t i a l   ave rage  

va lue   o f  damage is computed  on t h e   b a s i s  of t h e   p r o b a b i l i t y   d i s t r i b u t i o n  

o f   t hese   l o s ses .  T h i s  average  value is assumed t o   r e p r e s e n t   t h e   a v e r a g e  

cos t  of f l ood ing   pe r  annum (given  no  changes i n   f l o o d p l a i n   c o n d i t i o n s ) .  

The b e n e f i t s  of f l o o d   c o n t r o l  are es t imated  as t h e  amount  by 

which  f lood  protection  measures  reduce  the  estimated  annual  value of 

damages. Normal growth2' i n  economic a c t i v i t y ,  and   subsequent ly   in   the  

s i z e  of b e n e f i t s ,  is i n c o r p o r a t e d   i n t o   t h e   a n a l y s i s   i n   t h e   p r o j e c t i o n  of 

t h e  stream of annua l   bene f i t s .   Th i s  stream of b e n e f i t s  i s  d i scoun ted   t o  

i t s  p resen t   va lue .  It is then  assumed t h a t ,   g i v e n   t h e   o p p o r t u n i t y ,  

f l oodp la in   dwe l l e r s  w i l l  pay  an amount f o r   f l o o d   p r o t e c t i o n   e q u a l   t o   t h e  

s i z e  of t h e   b e n e f i t s   t h e y  receive i n   t h e   f o r m  of the   r educ t ion  of t he  

present   va lue   o f   the   average   annual   losses   over  a spec i f i ed   pe r iod .   Th i s  

w i l l i ngness   t o   pay  i s  assumed t o   e q u a l   t h e   b e n e f i t s  of f l ood   p ro tec t ion .  

2 .  RISK-TAKING 

Lind  (1967: 346-349) p o i n t s   o u t   t h a t   t h i s   p r o c e d u r e   i g n o r e s   t h e  

ques t ion  of u n c e r t a i n t y   a n d   t h e r e b y   f a i l s   t o   a c c o u n t   f o r   t h e   s e c o n d   c o s t  

l i s t e d  above - t he   cos t   a s soc ia t ed   w i th   r i sk - t ak ing .  H e  sugges t s   t ha t  

people  may b e   i n t e r e s t e d   i n  more t h a n   j u s t  mean va lues ;   they  may a l s o   b e  

concerned   wi th   avoid ing   very   l a rge   losses   in  a c a t a s t r o p h i c   f l o o d   o r   i n  

t he   va r i ance  of t h e   d i s t r i b u t i o n  of l o s s e s .  He  r i g h t f u l l y  states t h a t   i f  

t h i s  i s  t h e  case and i f   p e o p l e  are w i l l i n g   t o  pay a premium fo r   avo id ing  

t h e s e   r i s k - a s s o c i a t e d   c o s t s ,   t h e n   a n  estimate based on the   average   va lue  

of t h e   l o s s e s   u n d e r e s t i m a t e s   t h e   t o t a l   c o s t s  of f looding   and   the   benef i t s  

of f lood   prevent ion   by   the  amount  of t h e  premium. 

- 2 /  Normal growth i s  def ined  as growth i n  economic a c t i v i t y   t h a t  w i l l  occur  
whether   or   not  a f l o o d   p r o t e c t i o n   s t r u c t u r e  is b u i l t .   B e n e f i t s  of pro- 
t e c t i n g   s u c h   a c t i v i t y  are measured as t he   r educ t ion  of p o t e n t i a l  damages 
t h a t   t h i s   a c t i v i t y  would incu r   i f   l e f t   exposed .   P ro jec t - induced   g rowth  
i s  d i s t i n c t ;  i t  provides  "enhancement  benefits"  which are d iscussed  
ex tens ive ly  later i n   t h i s   c h a p t e r .  
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The b e n e f i t s  of reducing   the   cos ts  of r i s k  (qs i n d i c a t e d  by t h e  

premium people are w i l l i n g   t o   p a y )  are no t   u sua l ly   i nc luded   sys t ema t i ca l ly  

i n   t h e   b e n e f i t s  of f l o o d   p r o t e c t i o n .   T h i s  i s  because of p rac t i ca l   p rob -  

lems of measurement,.  Nevertheless, i n   p r a c t i c e ,   a n   a t t e m p t  - is  made t o  

accoun t   fo r   t he   r i sk   f ac to r   because   op t ima l   l eve l s  of  p ro t ec t ion   t ha t   wou ld  

be  determined  from  average  annual  values on t h e   b a s i s  of  "marginal 

b e n e f i t  = m a r g i n a l   c o s t "   c r i t e r i a  are frequent ly   exceeded.   Typical ly ,  

higher   than  opt imal   s tandards-  as sugges ted  by p r i n c i p l e s  of marginalism 

are in t roduced   because   l a rger  scale p r o j e c t s  are p u r p o r t e d   t o   p r o v i d e  

r i sk - r educ t ion   bene f i t s .  I t  is  c o n t e n d e d   t h a t   i f   t h e s e   b e n e f i t s  were in- 
corpora ted   in to   the   benef i t   es t imates ,   then   the   margina l   benef i t s   would  

exceed   t he   marg ina l   cos t s   p re sen t ly   ca l cu la t ed   u s ing   on ly   ave rage   annua l  

va lues .  

31 

Lind  (1967:  349)  maintains  that  this'   argument i s  e s s e n t i a l l y  

correct   pr .ovided no a l t e r n a t i v e  means,  such as f lood   insurance ,  are ava i l -  

a b l e   t o   e l i m i n a t e   r i s k  a t  a lower  cost  .- And s i n c e ,   t o   d a t e ,   i n s t i t u -  

t i o n a l   c o n s t r a i n t s   h a v e   k e p t   f l o o d   i n s u r a n c e   o u t  of the  scope of a l t e rna -  

t i v e s  of approaching  f lood  problems,  in  the  Canadian  context a t  least ,  i t  

is  l eg i t ima te   t o   admi t  some r i s k  premium as a b e n e f i t   o f  a f lood   prevent ion  

p r o j e c t .  

41 

3 .  INTANGIBLES 

The t h i r d   c o s t   l i s t e d  above i s  labe l led   " in tangib les" .   This  en- 

compasses  costs  such as l o s s  of l i f e  and  l imb,   psychological   d is turbances 

and social   upheaval   which are d i f f i c u l t ,   i f   n o t   i m p o s s i b l e ,   t o   m e a s u r e  

monetary terms. Loss of l i f e  looms p a r t i c u l a r l y   i m p o r t a n t   i n   a n a l y s e s  

flood  problems as a f u r t h e r   r e a s o n   f o r   j u s t i f y i n g   e x t e n s i v e   s t r u c t u r a l  

cont ro l   measures .   This   cos t ,   whi le   very  real ,  i s  probably  exaggerated 

i n  

of 

f lood  

i n s  0- 

- 31 The  most common p r a c t i c e  is  t o   b u i l d  a s t r u c t u r e  s o  as t o   p r o t e c t  
a g a i n s t  some la rge   "des ign"   f lood   de te rmined   more   by   po l i t i ca l   decree  
o r   a r b i t r a r y   s e l e c t i o n   t h a n  by any s t a t ed   economica l ly   r a t iona l  
c r i t e r i o n .  

- 4 /  Of course  the  magni tude of the   va lue   o f   the   r i sk-premium  cur ren t ly  
assumed i n   s t u d i e s  may n o t   b e   c o r r e c t .  
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f a r  as few deaths   have  actual ly   resul ted  f rom  f looding  (Eckstein,1958:141) .  

Moreover, i t  i s  f a r  from clear t h a t  dams and  dykes w i l l  reduce  deaths .  

Cer ta in ly ,   they  w i l l  e l imina te  small f loods  (which  would  probably  cause 

l i t t l e  l o s s   o f   l i f e  anyway)  and i n   t h e  case of dams, reduce  the  peaks of 

la rge   ones .  However, s t ructural   measures   capable   of   completely  e l iminat ing 

t h e   p o s s i b i l i t y  of f looding   se ldom,   i f  ever, prove  economical ly   feasible .  

Consequently, a flood  warning  and  evacuation  system m u s t  always b e  a p a r t  

o f   f lood   pro tec t ion   ne tworks .   Moreover ,   in   the  case of l evees ,   t he re  is 

no   guarantee   tha t  a s t r u c t u r e  w i l l  no t  weaken  and burst   unexpectedly  caus- 

i ng  more l o s s  of l i f e   t h a n  would  have  occurred  in  i ts  absence.   Thus,   while 

l o s s  of l i f e  may b e  a s i g n i f i c a n t   f a c t o r ,  it i s  ques t ionable   whether  

s t ruc tu ra l   measu res  are e f f e c t i v e  means  of r educ ing   t h i s   cos t .  

4 .  COSTS OF RESTRICTED  USE 

The last cos t  i s ,  concep tua l ly ,   t he  most d i f f i c u l t   o f   t h e   f o u r .  

C l e a r l y   t h e r e  is some oppor tuni ty   cos t   o f   having   on ly   res t r ic ted  use of a 

f loodp la in   bu t   t he   t rue   measu re  of t h e   b e n e f i t s  of reducing  f lood  hazards  

and  thereby  enhancing  land  values   has   been  the  subject  of cons iderable ,  

con t rove r s i a l   d i scuss ion .  

Uni ted   S ta tes   Sena te  Document 97 (U.S. Senate,  1962) , borrowing 

from  the earlier "Green Book" (U.S. Inter-Agency  Committee,  1958:  39) , 
defined  project- induced  (enhancement)   benefi ts  as t h e   i n c r e a s e   i n   t h e   n e t  

income of t h e   f l o o d p l a i n   t h a t   o c c u r s  when a f l o o d   r e d u c t i o n   p r o j e c t  

induces a change  of l and  use. It s t a t e d   t h a t   t h e s e   b e n e f i t s  were t o   b e  

measured as t h e   d i f f e r e n c e   i n  - ne t   ea rn ings  of t h e   f l o o d p l a i n   b e f o r e  and 

a f t e r  a p r o j e c t  is introduced.  To o b t a i n   t h e   n e t   f i g u r e ,  a l l  a s soc ia t ed  

cos t s   excep t   t he   r en ta l   va lue   o f   t he   l and   had   t o   be   sub t r ac t ed   f rom  the  

g ross   r e tu rns .  Thus, U.S. Senate  Document 97  proposed  measuring  the 

b e n e f i t s   o f   t h e   p r o j e c t  as i f  i t  were i n   i s o l a t i o n   f r o m   t h e  rest of t h e  

economy. It d id   no t   cons ider  relevant t h e   o r i g i n  of t h e   a c t i v i t i e s   t h a t  

would l o c a t e  on a f loodp la in   once   p ro t ec t ion  was provided. 

K r u t i l l a  (1966:  186),   following some genera l   s ta tements  by 

Eckstein  (1958:   133) ,   presented an a l t e rna t ive   " co r rec t "   measu re  of pro- 

j ec t - induced   bene f i t s .  H e  s u g g e s t e d   t h a t   t h e r e  w a s  perhaps l i t t l e  rea l  

economic g a i n   i n   l a n d  enhancement  because i t  represented  merely a diver- 

s i o n  of economic a c t i v i t y  from  non-floodplain areas. H e  defined. r ea l  

I 
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economic g a i n   i n  terms of t h e   p r o j e c t ' s   c o n t r i b u t i o n   t o   t h e   n a t i o n a l  pro- 

duc t   and   s ta ted   tha t   the   remainder  of t he   l and  enhancement  described i n  

U . S .  Senate  Document 97 was simply  an  income  transfer  from  owners  of non- 

f l o o d p l a i n   t o  Owners of   f loodpla in   l and .  H e  m a i n t a i n e d   t h a t   t h e   t r u e  

estimate of t h e   b e n e f i t  was the   d i f fe rence   be tween  the   increase   in   f lood-  

p l a i n  land  values   and  the income red is t r ibu t ion   be tween owners  of t h e  

f loodab le  and non-f loodable   land  under   s tudy . 
Lind  (1966: 77-87 and  1967: 350-354) expanded  on th i s   app roach  of 

assessing  project-induced  benefits .? '  He  proposed  the now accepted  theory 

tha t   t he   measu re  of  land  enhancement  benefits was on ly   t he   d i f f e rence  

be tween   t he   p ro f i t s   t ha t   an   ac t iv i ty   cou ld   ea rn   o f f   t he   f l oodp la in  and 

those  i t  could earn on t h e   f l o o d p l a i n ,   g i v e n   f l o o d   p r o t e c t i o n  and t h e  

i n i t i a l  s e t  of p r i c e s  and r e n t s .  He showed tha t   th i s   assessment   would  

provide  an  upper bound for   p ro jec t - induced   benef i t s   (Lind ,   1966:  67-70). 

The precise  formula  Lind  proposed was the  following  (Lind,  1967: 

350) : 

Enhancement b e n e f i t  = (SFi - Pf )  - (sui - Pu> 

where S = n e t   e a r n i n s s   o f   a c t i v i t y  i at  f loodp la in   l oca t ion  F i  
a f t e r   f l o o d   p r o t e c t i o n  is provided  (exclusive of 

l and   cos t s )  . 
Pf = r e n t a l   v a l u e  of l and  on f l o o d p l a i n   b e f o r e   p r o t e c t i o n  

is provided (i.e. i n   t h e   i n i t i a l  s t a t e  of equ i l ib -  

rium) . 
s u i  = net   earn ings  of a c t i v i t y  i loca ted  on unflooded  land. 

Pu = i n i t i a l   e q u i l i b r i u m   r e n t a l   v a l u e  of unflooded  land. 

- 5/ H i s  explana t ion  of  enhancement b e n e f i t s  is t h e  most de t a i l ed   and   exac t  
t o   d a t e .  H i s  proposal  has  been  adopted as the   cor rec t   measure  by t h e  
Un i t ed   S t a t e s  Government (U.S. Water Resources  Council,  1970: P. 111 
B-2-6). This  l a t e s t  U.S. document a l s o   s u g g e s t s   t h a t ,   w h e r e   t h e   d a t a  
requi red   to   use   L ind ' s  method is lacking ,   an   a l te rna t ive   measure   for  
enhancement b e n e f i t s  i s  the  damage t h a t  induced-growth ac t iv i t ies  would 
s u f f e r  i n  the   absence  of p r o t e c t i o n   i f   t h e y  were t o   l o c a t e  on the   f lood-  
p l a i n .  However, ou r   expe r i ence   sugges t s   t ha t   t h i s   has   no   necessa ry  
re la t ionship   wi th   L ind ' s   resu l t .   Consequent ly   the   Fraser   S tudy   adhered  
as c l o s e l y  as p o s s i b l e   t o   L i n d ' s  method f o r  computing  enhancement 
b e n e f i t s  . 
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B e c a u s e   o f   p a s t   d i f f i c u l t i e s   i n   i n t e r p r e t i n g  enhancement b e n e f i t s  

and  because  of  the  apparent  divergence  between  Lind's  measure of b e n e f i t s  

and  that   proposed by McKean i n   h i s   g e n e r a l   e x p l a n a t i o n  of p e c u n i a r y   s p i l l -  

overs (McKean, 1958: 136-150), i t  is wor thwhi le   to   expla in   L ind ' s   formula  

more f u l l y .  

The h e a r t  of the  problem rests in   loca t ion   theory .   Given  a 

choice ,  a r a t i o n a l   e n t r e p r e n e u r  w i l l  loca te   on  a f loodp la in   on ly   i f   he   can  

earn  a l a r g e r   n e t  income there   than   he   can  on unfloodable   land.  The c o s t s  

h e  m u s t  consider  are the   normal   ones   assoc ia ted   wi th   loca t ion   dec is ions  

p l u s   c o s t s   u n i q u e l y   r e l a t e d   t o   f l o o d p l a i n  areas. The la t te r  inc lude   bo th  

f lood   pro tec t ion   expenses   and   res idua l  damages tha t   occu r  when the   p ro tec-  

t i o n  works f a i l .  N o w  suppose  an  entrepreneur  i s  t r y i n g   t o   d e c i d e   w h e t h e r  

o r   n o t   t o   b u i l d  on a f loodp la in .   Fu r the r ,  assume t h a t   i n   h i s   i n i t i a l  

cost   calculat ions,   he   can  exclude  the  cost   of   f lood  protect ion  works 

( l i k e  dykes  and dams) because  the  government w i l l  provide  the  works a t  no 

ex t r a   cha rge .  Then c l e a r l y ,   h e  w i l l  se lect  t h e   f l o o d p l a i n   o p t i o n   o n l y   i f  

h i s   p r o f i t  level,  exc lus ive   o f   f lood   pro tec t ion   expendi tures  at t h a t  s i te ,  

is g r e a t e r   t h a n   o r   e q u a l   t o   t h e   p r o f i t   l e v e l  on  unf loodable   land.  

I f  a government  (or  collection of i n t e r e s t e d   p a r t i e s )   w i s h e s   t o  

know whether o r  no t  i t  is economica l ly   f ea s ib l e   t o   bu i ld  a dyke o r  dam and 

occupy a f l o o d p l a i n ,  i t  cannot   ignore  the  opportuni ty   cost  of n o t   l o c a t i n g  

on unfloodable   land.  No r a t i o n a l   e n t r e p r e n e u r   w o u l d   b e   w i l l i n g   t o  pay 

more f o r   p r o t e c t i v e   s t r u c t u r e s   t h a n   t h e   d i f f e r e n c e   b e t w e e n   t h e   p o t e n t i a l  

n e t   r e t u r n s  on t h e   f l o o d p l a i n  and t h e   n e t   r e t u r n s  a t  unf looded   loca t ions .  

The  economic r en t   t ha t   cou ld   be   ea rned  a t  a l t e r n a t i v e  s i t e s  must  be  consid- 

e red   an   oppor tun i ty   cos t   t o   be   i nco rpora t ed   i n to   t he   a s ses smen t  of t h e  

real b e n e f i t s  of   occupying  the  f loodplain.  

A concise   s ta tement   of   the   foregoing  argument  i s  t h a t   t h e  

wi l l i ngness  of ac t iv i t ies  t o  pay  more f o r   f l o o d p l a i n   t h a n  non-f loodpla in  

land  depends  upon  the amount by  which  the  net  returns?'  earned a t  t h e  

f l o o d p l a i n  s i te  exceed  those  earned  in   non-f loodplain areas. I t  w i l l  

t h e r e f o r e   b e   w o r t h w h i l e   t o   i n v e s t   i n  a f lood   p ro tec t ion   p ro j ec t   exc lu -  

s i v e l y  on t h e   b a s i s  of  enhancement bene f i t s   on ly  when t h e   t o t a l  s i t e  

- 6 /  Exclusive of f lood   p ro tec t ion   cos t s   bu t   i nc lud ing   r e s idua l  damages. 
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advantage of t h e   p l a i n  is g r e a t e r   t h a n   t h e   t o t a l   p r o j e c t   c o s t .   I n   s y m b o l s ,  

t h i s  w i l l  occur when 

n 

. 
i = 1  

where D i s  the   cos t   o f   f lood   prevent ion   and  S F i '  ' U i '  f P and P are u 
equiva len t   to   the   symbols   in   L ind ' s   formula   (wi th   the   express   unders tanding  

t h a t  SFi exc ludes   p ro j ec t   cos t s ) .  As long as [(SFi - P f )  - (Sui - P )]  > 0 

f o r   e a c h   a c t i v i t y   t h a t  is expec ted   t o  occupy a f loodplain,   and as long as 

t h e  sum of t h e s e   p o t e n t i a l   p r o f i t s  i s  g rea t e r   t han   p ro j ec t   cos t s ,  a gov- 

ernment  agency  can claim t h a t  enhancement b e n e f i t s   j u s t i f y   t h e   c o n s t r u c -  
7 1  t i o n  of pro tec t ive   works  on t h e   b a s i s  of  economic e f f i c i e n c y   c r i t e r i a . -  

U 

Th i s   r epor t   desc r ibes   t he  methods  used t o  estimate t h e  economic 

va lue  of p o t e n t i a l   f l o o d  damages  and f lood  prevent ion  benefi ts .   Al though 

i t  enumerates   the  es t imated damages  and descr ibes  how they were u s e d   t o  

determine  benefi ts   of   f lood  control   measures ,  i t s  primary  concern i s  t o  

p re sen t  a d e t a i l e d   o u t l i n e  of the   t echniques  employed  and the  adequacy of 

t he   r e su l t s   de r ived .  

Four   cos ts  of f looding  are c o n s i d e r e d   i n   t h i s   s t u d y .  These are 

1) proper ty  and  income l o s s e s ,  2) r i sk- tak ing ,  3)  in tangib les   and  4 )  re- 

s t r i c t i o n s  on f l o o d p l a i n   u s e .   I n   t h i s   a n a l y s i s ,   t h e  las t  i s  i d e n t i f i e d  

e x p l i c i t l y ,   t h e   t h i r d  is given  only  minor   considerat ion,   the   second is  

t a k e n   i n t o   a c c o u n t   i n d i r e c t l y ,   a n d   t h e   f i r s t  is  c l e a r l y   d e f i n e d   f o r   i n d i -  

v i d u a l   f l o o d   l e v e l s .  

- 7/ The c r i t e r i a  must,   of  course,   be  based on t h e   p r i n c i p l e   t h a t   m a r g i n a l  
bene f i t s   equa l   marg ina l   cos t s .  When t h i s   p r i n c i p l e  is used   i n   an  
ana lys i s ,   t he   r educ t ion  of r e s i d u a l  damages  must be   inc luded   a long   wi th  
enhancement bene f i t s   i n   t he   computa t ion  of t h e  optimum l e v e l  of t h e  
f l o o d   c o n t r o l   s t r u c t u r e s  (See foo tno te  6,  Chapter 11). 
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Estimating  property and  income l o s s e s  is t h e   s u b j e c t  of most of 

the  subsequent   chapters .  As s u c h ,   t h e   s i g n i f i c a n c e  of t hes . e   l o s ses   fo r  

i n d i v i d u a l   f l o o d   l e v e l s  is w e l l  explained.  However, b e c a u s e   r i s k  is 

i n t r o d u c e d   i m p l i c i t l y   i n t o   t h e   a n a l y s i s  when t h e s e  damages are a s s e s s e d   i n  

terms of damage-frequency f u n c t i o n s ,   t h e  real va lue  of reducing  property 

and  income l o s s e s  becomes obscure.  As Chapter I1 i n d i c a t e s ,   t h e   f i n a l  

ca lcu la t ion   of   the   average   annual   economic   benef i t s  of f l o o d   c o n t r o l   i n  

t he   F rase r   Va l l ey   t he re fo re   r ep resen t s  a combination of r i sk -  and damage- 

r educ t ion   bene f i t s   (p lus  a separate   computat ion of t h e   v a l u e  of reducing 

r e s t r i c t i o n s  on f loodp la in   u se ) .  

CONCLUSION 

This   p re sen ta t ion  of t h e   f o u r   c o s t s  of f looding  is b r i e f   b u t  i t  

provides   an  adequate   overview  of   the  concepts   involved  in   f lood  control  

s t u d i e s  and c l a r i f i e s   o r   i d e n t i f i e s   s e v e r a l   s p e c i f i c  problem areas. It 

a l s o  sets t h e   s t a g e   f o r   i n t r o d u c i n g  and examining ,   in   the   fo l lowing  

chap te r ,   t he   p rocedures   u sed   t o  compute average  annual   values   of   f lood 

damages and, i n   subsequen t   chap te r s ,   t he  methods  adopted f o r   e v a l u a t i n g  

p o t e n t i a l  economic  losses   during  given  f lood  levels .  
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CHAPTER I1 

COMPUTING AVERAGE ANNUAL VALUE OF FLOOD DAMAGES 

INTRODUCTION 

One of t h e  most s ign i f i can t   de t e rminan t s  of the  magnitude  of 

p o t e n t i a l   f l o o d  damage estimates is the   p rocedure   used   to   ob ta in   the  

average  annual   value  of   f lood damages.  Although t h e r e  is a s t a n d a r d ,  

mechanica l   approach   to   the   p roblem,   f requent ly  i t s  u n w i t t i n g   u s e   l e a d s   t o  

an  abuse  of  economic  data. The re la t ionship   be tween  the   average   annual  

va lue  of  damages  and t h e   f o u r   c o s t s  of f l ood ing   ou t l i ned   i n   Chap te r  I is 

sometimes poor ly   unders tood .   Engineer ing   da ta   o f ten  are t r a n s l a t e d  l i t -  

e r a l l y   i n t o  economic terms. The r e s u l t  can  be a mis rep resen ta t ion  of t h e  

economic  costs   of   f looding  and  the  benefi ts   of   f lood  control .  
This  Chapter  deals  with  the  mechanics  and  philosophy  underlying 

computations of the  average  annual   value  of   f lood damages. I t  o u t l i n e s  

t h e   t r a d i t i o n a l   a p p r o a c h ,   i l l u s t r a t e s   p r o b l e m s   t h a t   h a v e   a r i s e n   w i t h   t h e  

a p p l i c a t i o n  of the  procedure,   and  suggests  ways  of improving  standard 

p r a c t i c e s .   F i n a l l y ,  i t  d e s c r i b e s   t h e  method  used i n   t h e   p r e s e n t   s t u d y  

and  explains   the meaning of the  average  annual   value  der ived on t h e   b a s i s  

of t h i s   t echn ique .  

THE AVERAGE AVNUAL VALUE CRITERION 

Estimates of t h e   p r o b a b i l i t y   d i s t r i b u t i o n  of f l o o d  damages used 

t o  determine  the  average  annual   value  of   losses   depend  largely on  informa- 

t i o n  on s t ream-f law  charac te r i s t ics .  The t r ad i t i ona l   app roach   i nvo lves  

e s t a b l i s h i n g   t h e   h i s t o r i c a l   f r e q u e n c y  of r ecu r rences  of year ly   peak   d i s -  

charges of water (measured i n   c u b i c   f e e t   p e r   s e c o n d  a t  a s p e c i f i c   p o i n t   i n  

a r i v e r ) .  A cumula t ive   f requency   d i s t r ibu t ion  i s  developed t o   r e f l e c t   t h e  

frequency a t  which   spec i f ied  rates of  flow are equal led  or   exceeded.  The 

frequency  of  occurrence is expressed   bo th   in   t e rms   of   recur rence   in te rva ls  

(eg.  "one i n  200-year  flood"),  and as a p robab i l i t y   d i s t r ibu t ion   o f   d i s -  

charges. P a s t  events  are assumed t o   m i r r o r   f u t u r e   c o n d i t i o n s  s o  t h a t  
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t h e   h i s t o r i c a l   p r o b a b i l i t y   d i s t r i b u t i o n   o f   d i s c h a r g e s   d e f i n e s   t h e   p r o b a b i l -  

i t y  of   g iven   d i scharges   be ing   equal led   o r   exceeded   in   each   consecut ive  

y e a r   i n   t h e   f u t u r e .  A typical   f requency  discharge  curve is p r e s e n t e d   i n  

Figure 1 as : 

Q = Q(P) (1) 
where p = a measure of probabili ty  ranging  between 0 and  1.0  and Q = 

d i s c h a r g e   i n   c u b i c  feet p e r  second.- 1/ 

Associa ted   wi th   the   d i scharge  a t  a g iven   po in t   a long  a r i v e r  i s  

a unique water level  o r   s t a g e  (measured i n   f e e t  above  datum  which is o f t e n  

t aken   t o   be  sea l e v e l ) .  Thus, a re la t ionship   be tween  .d i scharge   and   s tage  

can   be   e s t ab l i shed  and descr ibed  as the   fo l lowing   func t ion   (F igu re  2) :  

s = S ( Q )  (2) - 
where S = water level i n  feet .  A stage-frequency  curve is then   c r ea t ed  

by s u b s t i t u t i n g   e q u a t i o n  1 i n t o   e q u a t i o n  2 (F igure  3 ) .  It descr ibes  the 

frequency  with  which a given water l e v e l  is equaled  or  exceeded  and i s  

represented  by: 

S = S[Q(p>] (3 )  
When a river overflows i t s  banks  and  inundates i ts  f loodp la in ,  

i t  causes   f lood damage.  The  amount of damage that  occurs  depends on t h e  

l e v e l  of  economic a c t i v i t y  on the   f l ood   p l a in   and  on f l o o d   c h a r a c t e r i s t i c s  

such as t h e   v e l o c i t y  of the   cur ren t   and   the   depth  of f looding.   For  any 

s p e c i f i c  area, damage is assumed t o  be   con t ingen t   on   t he   s t age   t o   wh ich  

t h e  river rises. Thus, a fou r th   func t ion ,  a stage-damage  function, i s  

r e q u i r e d   i n  the a n a l y s i s .  It is shown i n   F i g u r e  4 as: 

D = D(S) ( 4 )  

where D = f l o o d  damage i n   d o l l a r s .  

The f ina l   equa t ion   necessa ry   t o   enab le   t he   computa t ion  of t h e  

average  annual   value  of  damages i s  formed by s u b s t i t u t i n g   e q u a t i o n  3 i n t o  

4 .  This g i v e s   t h e   r e s u l t  D = D (S [ Q(p)3) o r  more simply: 

D = P(P> (5) 
where p = t h e   p r o b a b i l i t y  of i n c u r r i n g  damages (ranging  from 0 t o   1 . 0 ) .  

- 1/ While p = U(Q) is  perhaps a more readi ly   unders tood   func t ion ,  i ts  in- 
verse Q = Q(p) i s  used   here   because  i t  is more e a s i l y  employed i n   t h e  
cons t ruc t ion  of t h e  damage-frequency f u n c t i o n   t o   b e   e x p l a i n e d  l a t e r  
i n   t h e   t e x t .  
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DETERMINING  THE  AVERAGE  ANNUAL  VALUE  OF  FLOOD  DAMAGES 

FIG.  1 - DISCHARGE-FREQUENCY  FUNCTION 
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This  las t  equa t ion   r ep resen t s   t he  damage-frequency func t ion  shown i n  

F igure  5. I t  is i n t e r p r e t e d  as d e f i n i n g   t h e   p r o b a b i l i t y   t h a t   g i v e n  

magnitudes of f l o o d  damage w i l l  be   equal led  or  exceeded   i n  any one  year. 

The area under   th i s   curve   represents   the   average   annual   va lue   o f   f lood  

damage under   the  assumption  that   no  changes  in   f loodplain ac t iv i t ies  o r  

' pr ices   occur   over  t i m e .  

F o r   t h i s   s t u d y ,  estimates of damages were r e q u i r e d   f o r  a 60-year 

time per iod .   S ince   normal   g rowth   in   economic   ac t iv i ty   and   re la t ive   p r ice  

changes are expec ted   t o  al ter t h e   s t r u c t u r e  of  f lood damages o v e r   t h i s  

pe r iod ,   t hese   f ac to r s   had   t o   be   i nco rpora t ed   i n to   t he   ana lys i s .   Th i s  was 
done  by e s t i m a t i n g   t h e   p o t e n t i a l   f l o o d  damage fo r   each   r e l even t   f l ood  and 

f o r  each yea r   unde r   s tudy ,   g iven   p ro j ec t ed   changes   i n   p r i ces   and  economic 

a c t i v i t i e s  on the   f loodpla in .   Thus ,  a stream of  damages w a s  computed f o r  

e a c h   f l o o d   f o r  a span  of   s ixty  years .   Then,   the   present   value of t h e s e  

damages w a s  c k c u l a t e d  and summed. This   gave   the   p resent   wor th   o f   f lood  

damages for   each   f lood   s tage   under   the   assumpt ion   tha t   each   s tage   occurs  

annual ly .  By i n t e g r a t i n g   t h e   r e s u l t i n g   " t o t a l   p r e s e n t   w o r t h  of damage- 

f requency ' '   curve,   the   present   worth of t h e   t o t a l   v a l u e  of f l o o d  damages 

ove r   t he   r equ i r ed   s ix ty   yea r s  w a s  obtained.  

THE BENEFITS OF PROVIDING STRUCTURAL FLOOD PROTECTION 

1. RESERVOIRS 

Damming a river is one  of  the  most common s t r u c t u r a l  methods of 

p rov id ing   f l ood   p ro tec t ion .   P rope r   r e se rvo i r   r egu la t ion   has   t he   e f f ec t   o f  

reducing  the  f requency  of   large  f loods  and  e l iminat ing small ones.  During 

peak  run-off  periods,   only a c e r t a i n  rate of  flow of water is allowed 

through a r e s e r v o i r ' s   c o n t r o l   g a t e s .   I f   t h e   i n f l o w   e x c e e d s   t h e   p e r m i s s i b l e  

ou t f low,   t he   r e se rvo i r ' s   s to rage   capac i ty  i s  used   t o   ho ld   back   t he   excess .  

As long as its capac i ty  is not   surpassed ,  i t  can   e f fec t ive ly   reduce   the  

expected level of t h e  water downstream  by extending  the  peak  run-off  over 

a longer  time horizon  than  would  be  the case on  an  uncontrolled river. 

Ip 

. 

s -  

i 



- 15 - 
I n   F i g u r e s  1 and 3 ,  a r e s e r v o i r ’ s   e f f e c t  on the   normal   s ize   o f  

t he   d i scha rges  and water l e v e l s  downstream  can be   depic ted  by a l e f tward  

s h i f t  of the  discharge  and  stage-f  requency  curves,   from Q t o  Q, and  from 

S t o  S1 r e spec t ive ly .  The impl i ca t ion  of t h i s  movement is t h a t  a given 

d i s c h a r g e   o r   s t a g e  w i l l  occur less frequent ly   under   control led  than  under  

n a t u r a l   c o n d i t i o n s  .- 21  

The  impact  of  the  reservoir  on  the  damage-frequency  function is 

l i k e w i s e   t o   s h i f t  i t  l e f tward  as i l l u s t r a t e d   i n   F i g u r e  5. T h i s   s h i f t  can 

e a s i l y   b e   t r a c e d   t o   t h e  movement in   the   s tage- f requency   func t ion .  The 

b e n e f i t s   t h a t  c a n   b e   a t t r i b u t e d   t o   t h e   r e s e r v o i r   i n   t h e   f o r m   o f  a reduc- 

t i o n   o f   t h e  mean annual   value  of   f lood damages are computed as t h e  area 

between  the D and D curves. 1 

2. LEVEES 

Dykes o r   l e v e e s  are a l s o  commonly used to   r educe   f l ood  damages 

i n  an area. They func t ion   d i f fe ren t ly   f rom  reservoi rs   because   they   have  

n o   e f f e c t  on the   d i scha rge   o r   l eve l   o f  water reached  during  peak  run-off 

per iods  .- Ins tead ,   they  act d i rec t ly   on   the   s tage-damage   func t ion  by 

prevent ing  water below  cer ta in   s tages   f rom  causing any damage a t  a l l .  

3/ 

The s tandard   approach   in   dea l ing   wi th   l evees  i s  t o  examine  them 

i n  terms of t h e  maximum s a f e   l e v e l  up t o  which  they  can  withstand  high 

water. A l evee  i s  assumed t o   p r e v e n t  a l l  f l o o d  damages that  would  occur 

i n  i t s  absence  during a l l  water s t a g e s  up t o   t h i s  maximum s a f e   l e v e l  (U.S. 

Department  of  the Army, 1962:  36-39). F igu re  6 i l l u s t r a t e s  a s i t u a t i o n  i n  

which i t  is assumed t h a t   n o   s t a g e  up t o   t h e   l e v e l   a s s o c i a t e d   w i t h   t h e  

p r o b a b i l i t y  of occurrence p cau,ses f l o o d  damage because a levee   p rovides  

complete   protect ion.  A l l  s t ages   above   t h i s   l eve l  are assumed t o   i n f l i c t  
1 

- 2 /  A l t e r n a t i v e l y ,  the curves may be  thought  of as s h i f t i n g  downwards. 
This is t h e   t r a d i t i o n a l   a p p r o a c h .  The concept is b e s t   i l l u s t r a t e d  by 
t h e  sample s ta tement  ‘ A  r e se rvo i r   has   t he   e f f ec t   o f   r educ ing   t he   d i s -  
charge of a one-in-ten  flood  from  600,000  cfs. t o  400,000 c f s . ’   S i n c e  
the   f requency-sh i f t   concept   used   in   the   t ex t   reduces   the   chances  of 
making e r r o r s   i n   t h e  economic  analysis ,  i t  has  been  adopted i n   t h i s  
r e p o r t   i n s t e a d  of the  usual   approach.  However, t h e  same conclusion 
shou ld   r e su l t   f rom  the   ca re fu l   app l i ca t ion   o f   e i t he r  method. 

- 3/ Actua l ly ,   they   can   a f fec t   the  water l e v e l s  by c o n s t r i c t i n g   t h e  stream 
and causing  changes i n  sediment   loadings.  These f a c t o r s  are ignored  
i n   t h e   p r e s e n t   a n a l y s i s .  
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damage every time they are reached. The b e n e f i t s   c r e d i t e d   t o   t h e   l e v e e  

are assumed t o   b e   e q u a l   t o   t h e   v a l u e  of the   shaded  area under  the  frequen- 

cy-damage c u r v e   i n   F i g u r e  6 .  

3 .  COMBINING RESERVOIRS AND LEVEES 

It is s e l d o m   f e a s i b l e   t o   b u i l d  dykes o r  dams t h a t  , by themselves,  

supply  "adequate"   f lood  control ,   def ined  in   engineer ing terms as " r e l i a b l e "  

p r o t e c t i o n   a g a i n s t  a f lood  of a g i v e n   r e c u r r e n c e   i n t e r v a l   ( i n   t h e   p r e s e n t  

s t u d y ,  i t  is  c l a s s i f i e d  as a 26 foot   f lood  measured at Mission,  B . C . ) .  

Consequently , s t r u c t u r a l   f l o o d   p r e v e n t i o n  programs include  both  levee  and 

dam cons t ruc t ion ,  and  problems arise in   measuring  and  separat ing  the 

b e n e f i t s   a t t r i b u t a b l e   t o   e a c h .  

The s tandard   p rocedure   for   a l loca t ing   benef i t s   be tween  ups t ream 

s t o r a g e   p r o j e c t s   a n d  levees is t o   d i s t r i b u t e   t h e   b e n e f i t s  among indiv id-  

u a l   p r o j e c t s   a c c o r d i n g   t o   t h e   s e q u e n c e   i n   w h i c h   t h e y  are t o  be  b u i l t ,  

t h e r e b y   s a t i s f y i n g   t h e  cr i ter ia  requi red   for   economic   e f f ic iency  on a 

project-by-project   basis .   Usual ly   one set of p r o j e c t s   ( i . e .   l e v e e s )  i s  

taken as "given",  because i n  most cases  a p r i o r  p o l i t i c a l   d e c i s i o n  w i l l  

have  been made t o   c o n s t r u c t   s e v e r a l  levees. All of t h e   b e n e f i t s   r e p r e s -  

ented  by  the  shaded area "A" i n   F i g u r e  7 are a t t r i b u t e d   t o   t h e s e   d y k e s .  

Next,  the  economic  impact of several r e s e r v o i r s  are examined i n  sequence. 

I f  dykes  provide some degree of pro tec t ion ,   the   impact  of a new 

r e s e r v o i r  on f lood  damage is confined t o  i t s  e f f e c t  on the  f requency of 

f l oo&  tha t   exceed   t he  maximum s a f e  levels of the  dykes. A r e s e r v o i r  can 

capture   none  of   the  benefi ts  of f l o o d   p r e v e n t i o n   f o r  water c r e s t s  of 

less t h a n   t h i s  l eve l  even  though i t  may have some inf luence   on   these  

stages.?' Dykes absorb a l l  of t h e   b e n e f i t s .   I f   t h i s   c o n d i t i o n   e x i s t s ,  

then   the   cor rec t   measure   o f   the   benef i t s  of a r e s e r v o i r   c l e a r l y  i s  equa l  

t o  area "B" lying  between damage func t ions  D and Dl, i n   F i g u r e  7 because 

t h e   r e s e r v o i r   h a s   t h e   e f f e c t  of s h i f t i n g   t h e  damage-frequency  curve  from 

D t o  Dl. 

~~ ~~~ ~ ~ 

- 4 /  A s  prev ious ly   s t a t ed ,   con fus ion  i s  most  easily  avoided a t  t h i s   p o i n t   i n  
t h e  economic ana lys i s   i f   t he   impac t   o f   t he   r e se rvo i r  i s  thought of as 
reducing  the  f requency of recurrence  of  a given  f low  (or  amount of 
f l o o d  damage) r a t h e r   t h a n  as r educ ing   t he   l eve l  of a flow of a given 
frequency. 

a 
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. FIGURE 7 
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PROBLEMS AND POSSIBLE  MODIFICATION OF  STANDARD  PROCEDURES  FOR 

ESTIMATING AVERAGE ANNUAL VALUES OF  FLOOD CONTROL BENEFITS 

This   sec t ion   dea ls   wi th   the   fo l lowing   problems  and   poss ib le  

procedura l   modi f ica t ions :  1) instances   where computed  damages are g r e a t e r  

t h a n   a c t u a l   n e t   r e t u r n s   f r o m   f l o o d p l a i n   a c t i v i t i e s ;  2)  t h e   i n t e r p r e t a t i o n  

o f   r e se rvo i r   impac t s   i n  terms of damage reduct ions  ra ther   than  f requency 

reduct ions ;  3) a t t e m p t s   t o  examine  s imultaneously  the  benefi ts  due t o  a 

system's  dykes  and dams; 4 )  t h e   i d e n t i f i c a t i o n  of t h e   b e n e f i t s  of r i s k  

ave r s ion ;  5) t h e   i n t e r p r e t a t i o n  of maximum "sa fe"   l eve l s ;  and 6 )   f u r t h e r  

procedura l   modi f ica t ions .  

(1 )   A t t r ibu t ing   t he   ave rage   annua l   bene f i t s  of r educ ing   po ten t i a l  

f l ood  damages t o   s p e c i f i c   s t r u c t u r e s  i s  n o t   w i t h o u t   d i f f i c u l t i e s .  One 

computational  problem may o c c u r   i f   t h e  maximum s a f e   l e v e l  of an   ex i s t ing  

levee is below the   des ign  level of t h e   s t r u c t u r e .   I f   t h e   u s u a l  economic 

i n t e r p r e t a t i o n  (see p.15) of t he  m a x i m u m  s a f e   l e v e l  is accepted  and damages 

p red ic t ed   fo r   each   f l ood  above t h i s   l e v e l  are l a rge ,   t hen   t he   e s t ima ted  

average  annual   value of damages could   p rove   grea te r   than   the   annual   ne t  re- 

tu rns  of f l o o d p l a i n  ac t iv i t ies ,  and a l s o   g r e a t e r   t h a n   t h e  m a x i m u m  b e n e f i t  

o f   f l ood   p ro tec t ion  works.- 5/  

The s i z e  of the  average  annual  damages  becomes supe r f luous ,   s ince  

i t  is i l l o g i c a l   t o   s u p p o s e   t h a t  any  economic ac t iv i t ies  would   be   car r ied  

on i n  an area where  year ly  damages exceeded   year ly   ne t   re turn .  

Under these   cond i t ions  , the   general   measure of f lood   reduct ion  

bene f i t s   shou ld   be   t aken  t o  be  

B = (Yi - Di) 

where B = t h e   b e n e f i t s  of f l ood   r educ t ion  

Y i =  e i t h e r   t h e   n e t  income  and  payments t o   f i x e d   f a c t o r s  of a c t i v i t y  i 

(exc luding   hypothe t ica l  damages under   p resent   condi t ions)   in  a 

f loodab le  area or   the   average   annual   es t imated   f lood  damages 

t o   a c t i v i t y  i pr io r   t o   p ro j ec t   comple t ion ,   wh icheve r  i s  less. 

I f  a new ope ra t ion   can   p ro f i t ab ly   r ep lace   an   unpro f i t ab le  

a c t i v i t y  i even i f   the   f lood   reduct ion   program is not  undertaken, 

- 

- 5/ For an example  of  such a problem, see Fraser  River  Board  (1963: 
P l a t e  4-6). 
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Y1 r e p r e s e n t s  the difference  between  the income  of a c t i v i t y  i, 

exc lus ive   o f '   t he   hypo the t i ca l   p re sen t  damages,  and t h e  income of 

, t h e  new ope ra t ion ,   i nc lus ive   o f  i t s  h y p o t h e t i c a l  damages (o r ,   aga in ,  

the   average  damage t o   a c t i v i t y  i p r i o r   t o   p r o j e c t   c o m p l e t i o n ) .  

D = average   annual   res idua l  damages t o   a c t i v i t y  i a f t e r   p r o j e c t  comple- . 
i 

t i o n .  
(2 )  A second common problem  (mentioned  ear l ier)  arises when 

ana lys t s   examine   sh i f t s  of  damage-frequency  curves i n  terms of reduct ions  
i n  damages r a the r   t han   r educ t ions   i n   f r equenc ie s .  A t yp ica l   s t a t emen t  
r e s u l t i n g  from t h e   f i r s t   i n t e r p r e t a t i o n  would  be: "A r e se rvo i r   r educes  
the   des ign   f l ood   o f   33   f ee t   t o  a mere 31   f ee t .   The re fo re  a l l  damages t h a t  
would  have  occurred  during the f loods  ranging  f rom  31  to  33 f e e t   i n   t h e  
absence  of any p r o t e c t i o n   s h o u l d   b e   c r e d i t e d   t o   r e s e r v o i r s .   T h i s   s h o u l d   b e  
done  even  though  dykes are upgraded  to   withstand  f loods  of  up t o  33  feet" .  

Obvious ly ,   s ince   reservoi rs   d iminish  damages, n o t  by e l imina t ing  31 t o  33 
f o o t   f l o o d  levels bu t   by   r educ ing   t he i r   f r equency  of  occurrence,  dykes 

are e f f e c t i v e   i n   t h e  31 t o  33 foot   range  and  should  be  credi ted  with some 
bene f i t s   o f  damage p r e v e n t i o n   i n   t h i s   r a n g e .  

(3) A t h i r d   r e l a t e d   d i f f i c u l t y  may occur i f   a n a l y s t s   a t t e m p t   t o  
examine 'a s y s  tem's dykes  and dams s i m u l t a n e o u s l y .   I f   t h i s  is done, there 

i s  a problem  of   dividing  the  benefi ts   of   f lood  protect ion  between  dykes  and 
dams over   ranges   o f   f lood   leve ls   in   which   bo th   s t ruc tures   have  some in-  
f luence .  The s tandard   approach   in   such   cases  i s  t o   a s s i g n ,   a r b i t r a r i l y ,  
a p o r t i o n  of the bene f i t s   t o   each   s t ruc tu re   ( e .g .   F ra se r   R ive r   Boa rd ,  
1963: 52).  However, t h i s  method ignores   the  economic  ra t ionale   of   examining 
each   p ro j ec t   on   t he   bas i s   o f  its marg ina l   con t r ibu t ion   t o  the b e n e f i t s  and 
cos ts   o f   the   sys tem.  As i nd ica t ed   p rev ious ly ,  the correct  economic assess- 
ment  of t h e   b e n e f i t s  of a dyke b u i l t   p r i o r  t o  a r e s e r v o i r   r e q u i r e s   t h a t  
t h e  dyke b e   c r e d i t e d  with t h e   f u l l   e x t e n t  of i t s  f lood   r educ t ion   bene f i t s .  
I f   t h e   r e s e r v o i r  does  have some pos i t ive   impact ,   such  as reducing stress 
on the  dykes,  i t s  benef i t s   should   be   measured  as the   va lue   o f   decreas ing  
repa i r   cos t s   and   lengthening   the   dyke ' s   economic   l i fe .  

( 4 )  A fou r th  and very  important  problem i n   c a l c u l a t i n g   r e a s o n a b l e  
f lood   r educ t ion   bene f i t s   de r ives   f rom the ext reme  r i sk-aver t ing   charac te r -  
i s t i c s   o f  most f l ood   con t ro l   s tud ie s .   In   Chap te r  I, i t  w a s  sugges t ed   t ha t  
cos ts   o f   r i sk- tak ing  may be   l eg i t imate   and  may be   i nc luded   i n   an   ana lys i s .  
However, r e p o r t s  on f lood  problems  of ten  adopt   the  object ive  of   providing a 
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- safe   sys tem  wi th   such   s ing le-purposed   fe rvour   tha t   they   tend   to   ec l ipse  
real economic  considerations.  They do t h i s   w i t h o u t   e x p l i c i t l y   r e c o g n i z i n g  

t h e   p o r t i o n   o f   e s t i m a t e d   b e n e f i t s   b e i n g   a t t r i b u t e d   t o   t h e   c o s t s  of r i s k -  

t ak ing .   The re fo re ,   d i s to r t ed   o r   mi s l ead ing  estimates of   f lood   cont ro l  

b e n e f i t s   f r e q u e n t l y  emerge  from  such  reports. 

T h i s   f a i l u r e   t o   p r e s e n t  a c lear   p ic ture   o f   the   average   annual  

value  of  damage-reduction  benefits ,  separate from any imputed   benef i t s   o f  

r i sk -ave r s ion   ( and   i n t ang ib le s ) ,   has   had  some ob l ique   r ecogn i t ion   i n   t he  

l i t e r a t u r e .   F o r   i n s t a n c e ,  comments abou t   t he   s ign i f i cance  of the   des ign  

f lood  concept   have  appeared  in   several   ar t ic les   (e .g .   Whipple ,   1968:   1509) .  

These a r t i c l e s   p r o p o s e   t h a t   s i n c e  a design  f lood is  simply a l a r g e   f l o o d  

of some "infrequent"   occurrence  and is determined  via   an  arbi t rary  engin-  

e e r i n g   o r   p o l i t i c a l   d e c i s i o n ,  i t  may have no r e l a t i o n s h i p   w i t h   t h e   p r i n -  

c iples   of   marginal ism  adhered  to   in   economics.   Thus,   levees  may b e   t o o  

h i g h   a n d   r e s e r v o i r s   t o o   v a s t   t o   s a t i s f y  economic e f f i c i e n c y  c r i te r ia .  

I n   t h e  same v e i n ,   c r i t i c s   h a v e   n o t e d   t h a t   t h e r e  is an e x i s t i n g  

r i sk -ave r t ing   p rac t i ce   o f   t opp ing  dykes with  two-to- three  feet   of   f ree-  

b o a r d   a n d   t h a t   t h e   e f f e c t s   o f   t h i s   e x t r a   p r o t e c t i o n  are excluded  from  eco- 

nomic analyses  of  dyking  benefits .   Since  dykes  have  been known t o   w i t h -  

s t a n d  water l e v e l s   g r e a t e r   t h a n   t h e   d e s i g n   f l o o d ,   t h i s   p r a c t i c e   o f   i g n o r i n g  

the   f reeboard  i s  pu rpor t ed   t o   v io l a t e   t he   " inc remen ta l   bene f i t  - incremen- 

t a l  cos t" c r i t e r i a . -  61 

~~ 

- 6/  This is  no t   necessa r i ly  a val id   argument .  The purpose of t he   f r eeboa rd  
i s  p a r t l y   t o   p r e v e n t  wave act ion  f rom  breaking down a dyke. I f  i t  is 

, t o   b e   b r o u g h t   i n t o   t h e  economic a n a l y s i s  a t  a l l ,  i t  should  probably  be 
in t roduced   i n   con junc t ion   w i th  emergency  measures l i k e   f l o o d - f i g h t i n g .  
I f   f l o o d - f i g h t i n g  is unde r t aken ,   t he   r eco rds   i nd ica t e   t ha t   f r eeboa rd  
can   be   used   to   p revent   f looding   f rom  d ischarges   g rea te r   than   those   for  
which  dykes are designed. 

Also, as an   as ide  on the   i nc remen ta l   bene f i t  = incrementa l   cos t  criter- 
i o n ,  i t  should  be  pointed  out  that   Whipple  (1968: 1511-1513) has   noted 
that   both  project   engineers   and  their   academic cr i t ics  have   ac tua l ly  
f a i l e d   t o   i n c l u d e   r e s i d u a l  damages df   project- induced  growth  in   their  
analyses   of   marginal   benefi ts   and  costs   of   f lood  control   measures .  H e  

' contends  that   once  project- induced  res idual  damages have  been  incorpor- 
a t e d   i n t o  an a n a l y s i s ,   t h e  optimum l e v e l   o f   p r o t e c t i o n  may b e   h i g h e r  
t h a n   t h a t   i n d i c a t e d  when these  damages are excluded.  Thus,  he  suggests 
t h a t   e a r l y   p r o j e c t s   t h a t   h a v e .  come under   a t tack   for   v io la t ing   economic  
e f f i c i e n c y  cr i ter ia  have   been   c r i t i c ized  on  an i n c o r r e c t   b a s i s .  H e  
f u r t h e r   p r o p o s e s   t h a t  many t h a t  were a t t acked   fo r   exceed ing   t he   op t ima l  
s i z e  were, on the con t r a ry ,   t oo  small t o   b e   o p t i m a l .  
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(5) One o the r   s t anda rd   p rocedure   u sed   i n   a s ses s ing   t he   bene f i t s  

o f   f l ood   con t ro l   r e f l ec t s   t he   eng inee r s '   conse rva t ive   approach  and  obscures 

t h e  meaning  of t he   ave rage   annua l   va l i e  of f l ood  damages. This  procedure 

has   escaped  cr i t ic ism  to   date?.   even  though i t  has  a ve ry   s ign i f i can t   impac t  

!on t h e   s i z e  of f l o o d   c o n t r o l   b e n e f i t s .  It  i s  t h e   a c t   o f   a s s i g n i n g  a max- 

i m u m  s a f e   l e v e l   t o  dykes fo r   t he   pu rpose   o f   a s ses s ing  economic  gains. 

The maximum ' ' sa fe"   l eve l   o f   p ro tec t ion   of fe red  by a dyke i s  det-  

ermined by engineers  who b a s e   t h e i r   c o n c l u s i o n  on the   phys i ca l   cha rac t e r i s -  

t i cs  of t h e   s t r u c t u r e .  The l e v e l   c o i n c i d e s   w i t h   w h a t   t h e   e n g i n e e r s   f e e l  

is t h e  maximum water e l e v a t i o n  the dyke  can  withstand  virtually  100% of t h e  

time. It may b e   s e v e r a l   f e e t  below the   des ign  level of t h e   s t r u c t u r e .  

In   eng inee r ing  terms, the  maximum s a f e  level is a meaningful 

s ta t i s t ic .  However, when i t  is t rans la ted   d i rec t ly   in t ,o   economic   ana lyses  

w i t h  no modi f ica t ions  , a l a r g e   b i a s  is i n j e c t e d   i n t o   t h e   a s s e s s m e n t  of 

f l o o d   c o n t r o l   b e n e f i t s .  The d i s t o r t i o n   i n   t h e  economic a n a l y s i s   e x i s t s  

because   there  is a g rea t   d i f f e rence   be tween   t he  maximum - s a f e  and maximum 

p o s s i b l e   l e v e l   o f   p r o t e c t i o n   o f f e r e d  by a dyke.  Engineers do no t  expect 

f looding   to   occur   every  t i m e  a river exceeds  the maximum s a f e   l e v e l .  

Moreover, h i s t o r i c a l   r e c o r d s  show t h a t  water s t a g e s   o f t e n  rise above t h i s  

l eve l   w i th   no   r e su l t an t   f l ood ing .  The maximum s a f e  level simply  marks  the 

p o i n t  a t  which  f looding becomes poss ib l e .   Neve r the l e s s ,   t r ad i t i ona l ly   t he  

economic i n t e r p r e t a t i o n   o f   t h i s   e n g i n e e r i n g  datum is based   on   the   impl ic i t  

assumption  that   dykes w i l l  f a i l   e v e r y  time t h e   s a f e   l e v e l  is exceeded. 

The po ten t i a l   fo r   ove r - s t a t ing   t he   ave rage   annua l   va lue   o f   f l ood  damages 

i s  obvious. 

(6) The s tandard   p rocedure   for   es t imat ing   the  mean annual   value 

o f   f l ood  damage c l e a r l y   f a i l s   t o   g i v e   r e l i a b l e   r e s u l t s  when a set of dykes 

e x i s t s   i n  a system. It is no t  enough to   cons ider   s tage- f requency   func t ions  

as the s o l e   b a s i s   f o r   c o n s t r u c t i n g  frequency-damage  curves  under  such cir- 

cumstances. A l t e r a t i o n s  must b e  made i f   r e a l i s t i c   a s s e s s m e n t s  are des i red .  

One  way of   in t roducing  realism i n t o  economic analyses  of such 

flood  prevention  problems is  t o   e s t a b l i s h  a s u b j e c t i v e   p r o b a b i l i t y   d i s t r i b -  

u t i o n   f o r  dyke f a i l u r e  as a func t ion   of  water s tage .   This  method is b e s t  

i l l u s t r a t e d  by example.  Figure 8 shows how the  technique  might   be  appl ied 

t o   e x i s t i n g  dykes i n   t h e  Lower F r a s e r .   I n   t h i s   f i g u r e ,   t h e  20 f o o t  level 

is t a k e n   t o   b e   t h e  maximum s a f e   l e v e l  of t he   ex i s t ing   dykes ;   t he re  is zero  
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p r o b a b i l i t y  of f a i l u r e  a t  t h i s   p o i n t .  The  25 f o o t  level i s  assumed t o   b e  

t h e  maximum p o s s i b l e   l e v e l  of p r o t e c t i o n   o f f e r e d  by the  dykes; a t  this ex- 

treme, t h e   p r o b a b i l i t y  of f a i l u r e  is 1 .0 .   P robab i l i t i e s  of f a i l u r e  are 

a l s o   a s s o c i a t e d   w i t h   i n t e r v e n i n g   s t a g e s  and i t  is h e r e   t h a t  a s u b j e c t i v e  

appraisal   of   the   dykes must be  made.-// The r e s u l t i n g   s u b j e c t i v e   f a i l u r e -  

probabi l i ty   pa th   be tween  the  two extremes (0.0 and 1.0) may be  concave, 

l i n e a r   o r  convex. In   F igu re  8 i t  i s  assumed t o   b e   l i n e a r   ( P a t h  A); i n  

con t r a s t ,   s t anda rd   t echn iques   imp ly   t ha t  i ts shape is d iscont inuous ly  con- 

vex downwards (Path B ) ,  t h e  most conserva t ive   pa th   poss ib , le .  

By combining  "Stage-probabili ty  of  failure ' '   Path A w i t h   t h e  
I 

hypo the t i ca l  stage-damage  function- 8/ of F igure  9 ( d e v e l o p e d   f o r   i l l u s t r a t i v e  

purposes   only) ,  a stage-expected damage curve  can  be  constructed  (Figure 

10). This   func t ion   descr ibes   the   expec ted   va lue   o f  damages fo r   eve ry  water 

s t a g e   g r e a t e r   t h a n  20 f e e t   i n   e l e v a t i o n .  ("Expected  value" i s  used 

loose ly   he re  t o  mean the   es t imated   average   va lue  of damage t h a t  occurs each 

t i m e  a given water s t a g e  i s  reached.)  

Once t h i s   i n t e r m e d i a t e  s t e p  i s  taken ,   the   resu l t ing   func t ion   can  

be  combined wi th   t he   p rev ious ly   cons t ruc t ed   s t age - f r equency   func t ion   t o  

ob ta in  an  expected  damage-frequency  function  (Function D i n   F i g u r e  11). 

The area u n d e r   t h i s   c u r v e ,   i n   c o n t r a s t   t o   t h e  area under   the   s tandard  

curve  (Function D i n   F i g u r e  111, r e p r e s e n t s   t h e   b e s t  estimate of t h e  

average  annual  value  of  the  measurable  economic  benefits   that   could  accrue 

to   f lood   prevent ion   s t ruc tures   (under   the   assumpt ion   tha t   dyke- fa i lure   pa th  

1 

2 

II 11 A is more accura te   than  "B"). 

Although  hypothetical ,   Figure 11 c l e a r l y  illustrates the  possib-  

i l i t y  o f   d i s to r t ing   f l ood  damage estimates. The  premium placed  on " r i sk -  

taking" and " i n t a n g i b l e s "   i n   f l o o d   c o n t r o l   s t u d i e s  is s e e n   t o   b e   p o t e n t i a l l y  

l a r g e  (150% grea te r   t han   t he   ac tua l   ave rage   annua l  damages i n   F i g u r e  11). 

S i n c e   s u c h   s i g n i f i c a n t   q u a n t i t i e s  may b e   i n v o l v e d ,   t h i s  premium cannot   be 

i g n o r e d   i n  a f lood   con t ro l   p rog ram  tha t   a t t empt s   t o   po r t r ay  i t s  b e n e f i t s  

realis t i c a l l y .  

- 7 /  The durat ion  of   f looding  and i ts  e f f e c t  on  under-seepage are two f a c t o r s  
that  would  have  to   be  considered when t h e   p r o b a b i l i t y   d i s t r i b u t i o n  is 
being  determined. 

- 8/ Which e f f e c t i v e l y  assumes no  dyke p r o t e c t i o n  above fee t .  
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FIGURE 11 

Flood 

Damage 
( $ 1  000 

DAMAGE-FREQUENCY VS. EXPECTED DAMAGE-FREQUENCY FUNCTION 

BASED ON HYPOTHETICAL STAGE-DAMAGE FUNCTIONS 

OF FIGURES 9 AND 10 

2 00 

Total  Flood  Damage Potential 
a) using damage-frequency curve 

= $49 000 000 
b) using expected damage-frequency curve 

= $19 9 000,000 

100 

000) 

0 

Probability of Damage  Being  Equalled or Exceeded 

0 



- 27 - 
PRESENT STUDY'S  METHOD  OF  COMPUTING AVERAGE ANNUAL VALUES 

The Fraser  River  Program  Committee (1971), aware of t h e   p o s s i b l e  

d i s to r t ions   l i nked   t o   t he   ave rage   annua l   va lue   measu re ,   a t t empted   t o  modify 

the   s tandard   p rocedures   used   in   damage-prevent ion   s tud ies .   In i t ia l ly ,  i t  

cons ide red   e s t ima t ing   p robab i l i t i e s  of f a i l u r e   f o r   b o t h   e x i s t i n g  dykes 

and  proposed  improved  structures.  However, a f t e r   i nves t iga t ing   t he   p rob lem,  

t h e  Committee dec ided   t ha t  more meaningfu l   resu l t s   could   be   ob ta ined   i f  

t h e   b e n e f i t  estimates were based on a "conf idence   l eve l ' '   c r i te r ion .  It 

t h e r e f o r e   i d e n t i f i e d   l e v e l s  up t o  which i t  cons idered   conf idence   could   be  

p l a c e d   i n   e x i s t i n g  and  up-graded  dykes. 

These   l eve ls  are no t  "maximum s a f e  levels" i n   p u r e   e n g i n e e r i n g  

terms. Rather ,   they   represent   the   h igh  water s t a g e s  a t  which  dyke  patrols 

are accelerated,   equipment  i s  committed f o r  emergency action,  and  concern 

about dyke s t a b i l i t y  emerges. They are not   "safe"   l eve ls  because t h e r e  i s  

some. chance  of  dyke  failure  during lower water e l e v a t i o n s .  They are merely 

rough  indicators   of   the   s tages  a t  which   dykes   s top   provid ing   fa i r ly   re l iab le  

p r o t e c t i o n .  

With th i s   concep t  as a b a s e ,   t h e  Committee  adopted t h e  economic- 

a l l y   r a t i o n a l   p r o c e d u r e  of a l l o c a t i n g   f l o o d   c o n t r o l   b e n e f i t s  among dykes 

and severa l   p roposed   ups t ream  s torage   reservoi rs  on a " f i r s t  added" b a s i s .  

The mechanics  of this   process   have  been  covered  in   previous  examples .  

However, t o   c l a r i f y   t h e   s p e c i f i c   s t e p s   a d o p t e d ,  a f i n a l ,   c o m p l e t e   i n t e r -  

pretat ion  of   the  Commit tee 's   decis ion is p r e s e n t e d   i n   F i g u r e s  12 and 13.  

Exis t ing  dykes are c r e d i t e d   w i t h  a l l  b e n e f i t s   d e r i v e d  from  pre- 

vent ing  f loods  during  peak water e l eva t ions   l ower   t han   t he   e s t ab l i shed  

confidence  levels  (which  range  between 2 1  and 23 f e e t  a t  Mission).  These 

b e n e f i t s  are represented  by area A i n   F i g u r e s  1 2  and 13. Exis t ing  

r e s e r v o i r s  are t h e n   a l l o t t e d   t h e   f l o o d   r e d u c t i o n   b e n e f i t s  shown as area A 

i n   t h e   f i g u r e s .  The damage-frequency func t ion  on  which  the  present  study 

is based is t h e r e f o r e  D r a t h e r   t h a n  Dl, as i t  would  be  under   natural  
9/ flow  conditions.- 

- 

1 
2 

3' 

- 9/ A s  noted earlier, the  acceptance  of m a x i m u m  s a f e   l e v e l s   ( o r ,   i n   t h i s  
case, conf idence   l eve ls )   assoc ia ted   wi th  water e l e v a t i o n s   t h a t   r e c u r  
f r equen t ly  creates problems  of  measurement  of  flood  control  benefits 
i f  damage-frequency  functions are used.  These  problems are no t  
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F I G U R E  1 2  

VALUE  OF  FLOOD  CONTROL  BENEFITS  CALCULATED 
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F i g u r e   1 2   i l l u s t r a t e s  how b e n e f i t s  are c r e d i t e d   t o  improved 

dykes  and dams i f  dyke  improvements  precede  reservoir  construction. 

Upgraded  dykes  supply f u l l   p r o t e c t i o n   a g a i n s t  a l l  water s t a g e s  less than 

24 f e e t   ( i . e .   w i t h  a p r o b a b i l i t y  of occurrence  of P under   the   ex is t ing  

p a r t i a l l y   c o n t r o l l e d   r i v e r   r e g i m e ) .  A l l  benef i t s   be tween P2 and  P3 are 

t h e r e f o r e   a t t r i b u t e d   t o   t h e s e  dykes (area A i n   F i g u r e   1 2 ) .  However, 

t h e r e  is some prob'ability  that  improved  dykes w i l l  f a i l   i f  water l e v e l s  

rise t o  between 24 and 26 fee t .   Thus ,  i t  is assumed t h a t  dykes  can  be 

c red i t ed   w i th   on ly  50% of the   bene f i t s   o f   p reven t ing  a l l  damages t h a t  

could   occur   in   f lows   wi th   p robabi l i t i es   ranging   be tween P and P under 

t h e   e x i s t i n g   r i v e r   r e g i m e .  The damage-prevention  benefits of t h e  dykes 

i n   t h i s   r a n g e   t h e r e f   o r e  are represented  by Area A i n   F i g u r e   1 2 ;   t h e  

t o t a l   b e n e f i t s  of improved  dykes are A p lus  A32. 

3 

31 

3 5 

32 

31 
The r e s i d u a l  damages lying  under   the new damage func t ion  D4 

can b e  reduced by  and c r e d i t e d  t o  upstream storage p r o j e c t s .  The impact 

of t h e   s t o r a g e   p r o j e c t s  is t o   s h i f t  D l e f twards  as i s  i l l u s t r a t e d  by t h e  

movement of D t o  D i n   F i g u r e  12. The damage-reduction  benefits   that  

r e s u l t  from t h i s   s h i f t  are represented  by Area A 

4 
4 5 

4' 
I f   r e s e r v o i r s   p r e c e d e  dyke c o n s t r u c t i o n ,   t h e   a l l o c a t i o n  of f lood  

con t ro l   bene f i t s   be tween  dykes  and dams changes.   Reservoirs w i l l  s h i f t  

D l e f t w a r d s   t o  D i n   F i g u r e  13 and  capture  damage-reduction  benefits   equal 

t o  A3. Dyke improvements are then   i n t roduced   t o   dec rease   t he   s i ze  of t h e  

r e s i d u a l  damages lying  under   the  curve D The b e n e f i t s   a t t r i b u t e d  t o  

3 4 

4' 

e 

- 9 /  (continued)  insurmountable as long as t h e   f a c t   t h a t   t h e r e  is a c e i l i n g  
on t h e   s i z e  of t h e   p o t e n t i a l  damages i s  b rough t   i n to   t he   ana lys i s .  A s  
s t a t e d   p r e v i o u s l y ,   t h i s   c e i l i n g  is e q u a l   t o   t h e   v a l u e  of n e t  incomes 
and  payments t o   f i x e d   f a c t o r s   t h a t  w i l l  b e   l o s t   i f   t h e  areas must b e  
abandoned f o r   l a c k  of f l o o d   p r o t e c t i o n .   I n   F i g u r e  12, i t  is assumed 
t h a t  even  under   natural   f low  condi t ions,   f looding is  n o t   s e r i o u s   o r  
f requent   enough  to   prevent   occupat ion of t he   f l oodp la in .  

In   the   assessment  of r e s e r v o i r s   i n   t h e   p r e s e n t   s t u d y ,   a s s u m p t i o n s  of 
f requent   f loodings  posed few problems. The ques t ion  of a "cei l ing"  on 
t h e   b e n e f i t s   d i d   n o t  arise f o r  Lower F r a s e r  areas because a dec i s ion  
w a s  made i n  1972 t o  upgrade a l l  mainstem Lower Fraser  dykes. (It should 
be   no ted  that  " c e i l i n g s "   f o r   i n d i v i d u a l   d y k i n g  areas were t o o   h i g h   t o  
a f f e c t   t h e   d e c i s i o n  t o  upgrade  the  dykes.)   In  Upper Fraser and Thompson 
areas, f lood  f requencies   and damages were n o t   l a r g e  enough t o   n e c e s s i t a t e  
t he   i n t roduc t ion  of a l i m i t  on t h e   s i z e  of t h e   b e n e f i t s .  



these  dykes are ca l cu la t ed   fo l lowing   t he  same c r i t e r i o n   d e s c r i b e d   i n   t h e  

preceding  paragraph and are e q u a l   t o  area A41 p l u s  A42 i n   F i g u r e  13. I n  

t h i s  case, t h e   f i n a l   r e s i d u a l  dykes i s  represented  by Function D5 (which 

is t h e  same as D i n   F i g u r e  12)-  5 
10 / 

Because a dec i s ion  w a s  made i n  1972 t o   b u i l d  most  mains tem 

Lower Fraser   dykes ,   the   ques t ion   of   r i sk- reduct ion   benef i t s   be ing   a t t r ib -  

u t e d   t o  up-graded  dykes  under  the  Committee's  allocation  procedure is now 

i r r e l e v a n t .  However, r i sk - r educ t ion   bene f i t s  may b e  a s i g n i f i c a n t   p a r t   o f  

the  damage-prevent ion  benefi ts   credi ted  to   reservoirs   under   the  Commit tee 's  

procedure.  Most of t h e s e   b e n e f i t s  are based on the   assumpt ion   tha t  Lower 

F r a s e r  dykes w i l l  be  up-graded  before dams are cons t ruc ted .   Therefore ,  i t  

is i m p o r t a n t   t o  examine the  impact  of  the  Committee's  assumption  about  the 

p o t e n t i a l  damage tha t   can   be   p revented  by ups t r eam  s to rage   r egu la t ion ,  

g i v e n   t h a t  dyke  improvements  precede  reservoir  construction. 

To f a c i l i t a t e   t h e   a n a l y s i s ,  i t  is u s e f u l   t o   d e s c r i b e   t h e  Commi t -  

tee's c r i t e r i o n   i n  terms of " f a i lu re -p robab i l i t y   pa ths" .   In   t h i s   con tex t ,  

F igure  1 4  illustrates seve ra l   poss ib l e   " s t age -p robab i l i t y  of f a i l u r e  

paths ' '  of  up-graded  dykes. Pa th  A depicts  the  Committee 's  

- 10/ One anomaly in   t he   computa t ion  of  average  annual damages i n   t h e  
p re sen t   s tudy   shou ld   be   no ted .  '&IO m u n i c i p a l i t i e s   i n   t h e  Lower 
Frase r  (Richmond and Delta) are subject t o   b o t h   t i d a l  and r i v e r  
i n f luences .  Each has sea and r i v e r  dykes  and  each i s  cu t  by 
Highway 4 9 9 .  This highway  would act as a p a r t i a l  dyke p r o t e c t i n g  
the  western p a r t   o f   t h e s e   m u n i c i p a l i t i e s   i f   r i v e r   d y k e s   f a i l   d u r i n g  
peak  run-offs  of 24 fee t   (Miss ion)   o r  less. Therefore   f lood  depths  
(and  damages)  would  be lower than   would   be   the  case i f  this obstruc- 
t i o n  were non-exis tent .   Because  of   the  unpredictabi l i ty  of f a c t o r s  
such as t h e   p o i n t   d u r i n g   t h e   t i d a l   c y c l e  a t  which  the  dyke  would 
break ,   the   speed   of   dyke   repa i r ,  and the   du ra t ion  of f lood ing ,  i t  
w a s  imposs ib le   to   de te rmine   the   exac t   impact  of t he  highway  on f l o o d  
damages. However, t o   a c c o u n t   f o r   t h e   h i g h w a y ' s   m i t i g a t i n g   e f f e c t s ,  
western areas were assumed t o   s u f f e r   o n l y   h a l f   o f   t h e  damages t h a t  
would  occur i f  there were no o b s t r u c t i o n   t o  water e l eva t ions  of 
24 f e e t   o r  less. 
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d e c i s i o n   t o   c r e d i t   t h e  dykes w i t h  50% of t h e   b e n e f i t s  of  preventing damages 

tha t   could   occur   dur ing  water levels ranging  between 24 and 26 feet.- 111 

This  is l i k e l y  a conserva t ive  estimate of   dyking  benefi ts .   Path B repres-  

e n t s   t h e  lowest p r o b a b i l i t y   o f   f a i l u r e   p a t h   p o s s i b l e .  It rests on the 

assumption  that   dykes w i l l  wi ths tand  a l l  water leve ls   for   which   they  are 

des igned   ( i . e . ,  a l l  l e v e l s  up t o  26 f e e t ) .   P a t h s  A and B r ep resen t  two 

extremes.  Paths C and D are s imply   hypo the t i ca l ,   i n t e rmed ia t e   poss ib i l i t i e s .  

These   fa i lure-probabi l i ty   pa ths  m u s t  be  combined with p o t e n t i a l  

stage-damage func t ions  of t h e  Fraser to   de t e rmine   t he   r i sk - r educ t ion   po r t ion  

of the  damage-prevention  benefits   derived  using Committee procedures.  

Appendix H.9 summarizes t h e  Lower Frase r  damages  computed f o r   1 9 7 1  on t h e  

b a s i s   o f   t h e  methods  presented  in  Chapters I11 through V I I .  These damages 

are coupled  with  s tage-frequency  data   and  the  fa i lure-probabi l i ty   paths   of  

F igure  14.  The expected  damage-frequency  functions  of  Figure 15 r e s u l t .  
, .  

. 

- 
- 111 It shou ld   be   no ted   t ha t   Pa th  A i s  only  one  of many poss ib l e   i n t e rp re -  

t a t i o n s  of the  Committee's  decision. The pa th   could   be  any shape   t ha t  
conforms t o   t h e   f o l l o w i n g   c o n s t r a i n t s :  
(1) 0 5 p* a t  24 f e e t  6 0 . 5 ;   ( 2 )   0 . 5  5 p* a t  26 f e e t  S 1.0;  
(3)  p* a t  24 f e e t  I p* between 24 and 26 f e e t  5 p* a t  26 f e e t ;  
( 4 )  p* between 24 and 26 f e e t  is such t h a t  area A i n   F i g u r e  1 2  = 
$ area under D between P and P (where  p* = p r o b g i l i t y  of f a i l u r e ) .  

The shape   o f   t he   s e l ec t ed   pa th   has   no   e f f ec t  on t h e   b e n e f i t s   a l l o c a t e d  
t o  dykes   (g iven   t he   cons t r a in t s )   and   no   s ign i f i can t   impac t  on t h e  bene- 
f i t s   a t t r i b u t a b l e   t o   s p e c i f i c   r e s e r v o i r s .  Moreover, i f   p r o b a b i l i t i e s  
of f a i l u r e   s u c h  as "0" a t  24 f e e t  and  "1.0" a t  26 f e e t  had  been  assumed, 
then  p* a t  25 f e e t  would  have  had t o   b e   c a l c u l a t e d   s e p a r a t e l y   f o r   e a c h  
dyking area as a func t ion   o f   t he   i nd iv idua l  damage-frequency  curves. 
Therefore ,   the   s imples t   and   mos t   p rac t ica l   in te rpre ta t ion  of t he  
Committee's  decision was t o  make p* = 0.5 a t  a l l  t h r e e   l e v e l s .  

3 3 5 

. 

As an alternative way o f   r ecogn iz ing   t he   poss ib i l i t y  of  dyke f a i l u r e ,  
t h e  Committee  could  have  assumed  probabilities of f a i l u r e   t o   b e  0.0,  
0.5 and  1.0 at 2 4 ,  25 and 26 f ee t   r e spec t ive ly ,   and   e l imina ted   t he  
f o u r t h   c o n s t r a i n t   l i s t e d  above. Had th is   approach   been   adopted ,   the  
r e s u l t i n g  estimates of  damages and   reservoi r   benef i t s   would   have   been  
about 7% lower   t han   t hose   ob ta ined   u s ing   t he   c r i t e r i a   e s t ab l i shed   by  
t h e  Commit tee. 
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FIGURE  14 

POSSIBLE  "STAGE-PROBABILITY  OF  FAILURE  PATHS" 
OF  UP-GRADED  LOWER  FRASER  DYKES 
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FIGURE  15 

POSSIBLE  RESIDUAL  EXPECTED  DAMAGE-FREQUENCY  FUNCTIONS 
SUBSEQUENT  TO  UP-GRADING  OF  LOWER  FRASER  DYKES 
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. 

. 

Figure  15  illustrates t h e   s i z e  of r i s k - r e d u c t i o n   b e n e f i t s   t h a t  

cou ld   be   h idden   i n   t he  estimates of  annual  f lood damages i n   t h e   p r e s e n t  

s tudy .   Ac tua l   po ten t i a l   p rope r ty  and  income l o s s e s  may b e  as small as t h e  

area under D The Committee estimate is e q u a l   t o   t h e  area under D .- 
The d i f fe rence   be tween  the  two represents   the  maximum'l ikely  value  implic-  

i t l y   a t t r i b u t e d   t o   r i s k - t a k i n g   u n d e r   t h e  Committee procedure.  

12/  
b '  a 

Since no growth  has   been  incorporated  into  Figure 15, t h e  

absolu te   va lues  of the  average  annual  damages are not  very  meaningful.  The 

s ign i f i cance   o f   F igu re  15 is t h a t  i t  shows t h a t  up t o  70% of t h e   r e s i d u a l  

damages assumed reducib le  by r e s e r v o i r s  may cons i s t  of cos t s  of r i sk- tak ing  

and in t ang ib le s .   Th i s  means t h a t  as l i t t l e  as $0.30 out   of   every  dol lar  of 

average   annual   res idua l   f lood  damages p r e d i c t e d   i n   t h i s   s t u d y   r e p r e s e n t s  

a c t u a l   p o t e n t i a l   p r o p e r t y  and  income l o s s e s .  

Unfo r tuna te ly ,   no th ing   can   be   s a id   abou t   t he   va l id i ty  of t he  

remaining $0.70. T h i s   f i g u r e  is based on a p h y s i c a l   c r i t e r i o n   t h a t  may be 

unre l a t ed   t o   t he   t rue   va lue   peop le   p l ace   on   r i sk - t ak ing   and   i n t ang ib le s .  

However, t h e   e x p l i c i t   s e p a r a t i o n  and i d e n t i f i c a t i o n  of t h e  two  components 

of average  annual damages is c r i t i ca l .  It enables  decision-makers  to 

recognize   the  m a x i m u m  p o s s i b l e   r e l a t i v e   w e i g h t   b e i n g   a s s i g n e d   t o   r i s k - t a k i n g  

and i n t a n g i b l e s   i n   t h e   f i n a l  damage estimate. Therefore ,  i t  should   p rovide  

them with a be t t e r   unde r s t and ing  upon which  they  can  base a dec i s ion .  

SUMMARY 

One of the most   impor tan t   de te rminants   o f   the   s ize   o f   po ten t ia l  

f l ood  damage estimates i s  the   p rocedure   used   to   ca lcu la te   the   average  

annual   value  of   f lood damages.  The average  value of f l o o d  damages rep- 

resents   the   weighted  mean of a s p e c i f i c   d i s t r i b u t i o n  of p o t e n t i a l   l o s s e s .  

This d i s t r i b u t i o n   d e f i n e s   t h e  s t a t i s t i ca l  p r o b a b i l i t i e s  of va r ious  magni- 

t udes   o f   f l ood   l o s ses   t ha t   cou ld   occu r   i n  any one   yea r   fo r  a given s ta te  of 

economic  development. 

- 121 9, is  the   expec ted  damage-f requency  curve  der ived  f rom  fai lure-  
p robab i l i t y   Pa th  B. D is based on Pa th  A. a 
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Both the  average  value  measure  and i t s  unde r ly ing   p robab i l i t y  

d i s t r i b u t i o n  are s u s c e p t i b l e   t o   g r o s s   d i s t o r t i o n s   t h a t   o c c u r  w$en hydrolog- 

i c  d a t a  and  engineering cr i ter ia ,  upon which  the  measure i s  based ,  are 

t r a n s l a t e d   l i t e r a l l y   i n t o  economic t e rm.  S t a n d a r d   p r o c e d u r e s   f a i l   t o  

acknowledge  any d i f f i c u l t i e s   i n  the t r a n s l a t i o n  and  have,  consequently,  

l e d   t o   p e c u l i a r   r e s u l t s   i n   p a s t   r e p o r t s .  

A s tudy   of   the   Fraser  River Basin is p a r t i c u l a r l y  complex i n  t h i s  

aspect  because  of  the  r iver 's   extensive  dyking  system.  Problems arise when 

p r e d i c t i o n s   o f   f r e q u e n c i e s   o f   f l o o d i n g   i n   t h e   F r a s e r ' s  dyked areas are made. 

Engineers   tend  to   approach  dykes  in  terms o f   t h e i r  maximum s a f e   l e v e l s  of  

p ro tec t ion .  However, i f   t h i s  t ac t i c  i s  adopted by economists ,   b iased 

answers  emerge.  Thus,  meaningful estimates of t h e   p o t e n t i a l  economic 

impact   o f   f loods   in  a dyked  region  must  be  based  on some o t h e r   c r i t e r i o n .  

Estimates of   po ten t ia l   average   annual   f lood  damages i n   t h i s   s t u d y  

rest on 'a modi f ied   vers ion   of   t rad i t iona l   methods .  One modi f ica t ion  is 

that "conf idence   l eve ls"   ins tead   of  "maximum s a f e  levels" were a s s i g n e d   t o  

dykes.  Another is tha t   each   pro jec t ' s   damage-reduct ion   benef i t s  were 

examined  on a " f i r s t  added" b a s i s  and a r b i t r a r y   d i v i s i o n s  of b e n e f i t s  

among p r o j e c t s  were a v o i d e d .   S t i l l   a n o t h e r  is t h a t   t h e   v a l u e   a s s i g n e d   t o  

r i s k - t a k i n g   a n d   i n t a n g i b l e s ,   i m p l i c i t   i n  most  analyses  of  f lood  reduction 

b e n e f i t s ,  w a s  i d e n t i f i e d   e x p l i c i t l y   i n   t h i s   a n a l y s i s .  

CON CLUS I O N  

There are many se r ious   p rob lems   i nhe ren t   i n   ana lyses  of f lood  

con t ro l   bene f i t s   based   on  the average  annual   value  of  damages derived  from 

damage-frequency  curves. The method  used in   t he   p re sen t   F ra se r   S tudy ,  

a l though  incorpora t ing  a p o t e n t i a l l y   l a r g e  premium f o r  risk and   i n t ang ib le s ,  

is s u p e r i o r   t o   t r a d i t i o n a l   p r o c e d u r e s .  

This method r ep resen t s  a pos i t i ve   s t ep   t owards   p rov id ing  realis- 

t i c  estimates o f   f l ood   con t ro l   bene f i t s   because  i t  allows f o r  a p a r t i a l  

blending  of  economic  and  engineering criteria. The e x p l i c i t   r e c o g n i t i o n  

of t h e  premium p laced  on r i sk- tak ing   and   in tangib les  is , i n   i t s e l f ,  an 

asset. However, the   t echnique   used   in   th i s   s tudy   does   no t   comple te ly  

e l i m i n a t e   t h e   b i a s   f o u n d   i n  most f lood   cont ro l   s tud ies .   Consequent ly  the 
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ex i s t ence  of t h e   b i a s  must be   cons idered   bo th  when methods of a s ses s ing  

damage i n   t h e   f i e l d  are be ing   s e l ec t ed   and  when a dec i s ion   t o   accep t  o r  

r e j e c t  a proposed   pro jec t  i s  be ing  made. 

. 



PART I1 

ESTIMATING STAGE-DAMAGE FUNCTIONS 

. 
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CHAPTER I11 

ESTIMATING RESIDENTIAL FLOOD DAMAGE 

INTRODUCTION 

S tud ie s   o f   po ten t i a l   f l ood  damages no rma l ly   d iv ide   r e s iden t i a l  

l o s s e s   i n t o  two  components: s t r u c t u r a l  and conten t  damages. Estimates 

of s t r u c t u r a l  damages are more r e l i a b l e   b e c a u s e   t h e r e  is g rea t e r   un i fo rmi ty  

i n   t h e   d e s i g n   o f   h o u s e s   t h a n   i n   t h e i r   c o n t e n t s .   N e v e r t h e l e s s ,  most analyses  

deve lop   un i t   s tage-damage   func t ions   for   bo th   the   conten ts   and   s t ruc tures  

of houses.  

P r e v i o u s   s t u d i e s   h a v e   s h m n   r e s i d e n t i a l  losses t o   b e   h i g h l y  

p ' r ed ic t ab le .   Th i s   conc lus ion   has '   been   i l l u s t r a t ed   bo th   i n   t heo re t i ca l  

s tud ie s   wh ich   de r ived   syn the t i c  stage-damage  functions  for  individual 

houses  (White:  1964; Acres : 1968)  and in   empi r i ca l   ana lyses   wh ich   e s t ab -  

l i s h e d   l i n e a r  damage func t ions  on t h e   b a s i s   o f   d a t a   c o l l e c t e d   i n   t h e  wake 

o f   ac tua l   f l oods   (S tan fo rd   Resea rch   In s t i t u t e :   1960) .  

The p r e d i c t a b i l i t y   o f   r e s i d e n t i a l   f l o o d   l o s s e s  i s  p a r t i c u l a r l y  

impor t an t   i n  an a n a l y s i s  of p o t e n t i a l  damages in   t he   F rase r   R ive r   Bas in .  

An examina t ion   o f   t he   da t a   co l l ec t ed   fo r   t he   1963   F rase r   R ive r   Repor t  

r e v e a l e d   t h a t ,   i n   t h e   e v e n t   o f  a ma jo r   f l ood ,   r e s iden t i a l   p rope r ty   l o s ses  

would make  up t h e  most s i g n i f i c a n t   p o r t i o n  of t o t a l   f l o o d  damages. It 

showed t h a t ,   i f   t h e r e  were no river dykes ,   res ident ia l   losses   would   account  

for   approximately 45%  of the  pr imary damage l i k e l y   t o   o c c u r   d u r i n g  a 24- 

foot   f lood  s tage  (measured a t  Mission).  Consequently i t  was considered 

e s s e n t i a l   t o   d e v e l o p  an accura t e  method f o r   e s t i m a t i n g   r e s i d e n t i a l  damages. 

This   chapter   descr ibes   the  development   of   synthet ic   uni t   s tage-  

damage f u n c t i o n s   f o r   h i g h ,  medium and  low q u a l i t y   h o u s e s   i n   t h e   F r a s e r  

Basin. It o u t l i n e s   t h e  method  used t o  combine t h e s e  unit-damage  functions 

w i t h   v a r i a t i o n s   i n   s t r u c t u r a l   h o u s i n g   c h a r a c t e r i s t i c s  and flood  depths  and 

estimate p o t e n t i a l  damages f o r   d i f f e r e n t  areas throughout   the   bas in .  
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GENERAL METHODOLOGY 

The o r i g i n a l   F r a s e r  River Study  (Fraser  River  Board:  1963) 

based  i ts  estimates of r e s i d e n t i a l  damage on an  assumed  "average  house" 

wi th  a s i n g l e   s t o r y ,  no  basement, a market  value of $7,000-  and a main 

f l o o r   e l e v a t i o n   o f  two f e e t  above  ground  level. The s tudy   fur ther   deve loped  

i ts  stage-damage  curves  with  information from t h e  Winnipeg  Flood Cost- 

Benefit   Report   (Royal Commission:  1958)  which  had  presented  graphs 

express ing  real and  personal   property damage as a percentage  of   the  equal-  

i zed   a s ses sed   va lues  of b u i l d i n g s .  

1/ 

0 

As a f i r s t   a t t e m p t  at e s t i m a t i n g   r e s i d e n t i a l  damage, th i s   approach  

w a s  adequate.  However, i t  was t o o   g e n e r a l   t o   g i v e   t h e   l e v e l  of p r e c i s i o n  

r e q u i r e d   i n   t h e   p r e s e n t   s t u d y  and  had to   be   r ev i sed .  .. 

While t h e  1963 s tudy   e s t ab l i shed  i t s  d e s c r i p t i o n  of an "average 

house"  largely on t h e   b e i s   o f   p r o f e s s i o n a l   o p i n i o n ,   t h e   p r e s e n t   r e s e a r c h  

team cons t ruc ted  models  of  "average  houses" by using  sound s t a t i s t i c a l  da ta .  

House t y p e s   i n   t h e   B r i t i s h  Columbia Appraisal  Manual were g rouped   i n to   t h ree  

classes ( A ,  B ,  and C) , p r i m a r i l y   a c c o r d i n g   t o   t h e i r   v a l u e   p e r   s q u a r e   f o o t  

(Appendix A . 2 ) .  Then, for   the   "average"   house   in   each  class, component 

stage-damage  curves were derived  from  information on   house   charac te r i s t ics  

ob ta ined   f rom  assessment   ro l l s   and   f ie ld   surveys .  

The mix of   house   c l a s ses   i n   g iven  areas on the   f loodpla in   and  

the   average   va lue   o f   houses   in   each   c lass  were obta ined  by t ak ing  a random 

sample  from  assessment  rolls   of two s e p a r a t e  areas of t he   f l oodp la in :  

Richmond Municipali ty  and  Chill iwack  City  and  Chill iwhack District 

Munic ipa l i t i e s .  These areas were selected  because  they  contain  about   90% 

of the houses on t h e   f l o o d p l a i n  and  account f o r  most  house  types  found i n  

the   Fraser   River   Bas in .  By sampling  both areas, i t  w a s  p o s s i b l e   t o  con- 

s t r u c t  models   capable   o f   descr ib ing   major   var ia t ions   in   house   types   th rough-  

ou t   t he   s tudy  area. 

r 

~~~ ~~ ~~ 

- 1/ Excluding  land  value.  
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STRUCTURAL DAMAGE ESTIMATES 

A series of r e p o r t s  on s t r u c t u r a l   f l o o d  damage provided  the 

background  requi red   for   es tab l i sh ing  a method f o r   e s t i m a t i n g   r e s i d e n t i a l  

l o s ses .  Two major   s tud ies  were p a r t i c u l a r l y   u s e f u l :   t h e  Royal Commission 

on  Flood  Cost-Benefit  (1958)  and  the more recent   Guide l ines   to   Analys is ,  

Vol. 2 :  Flood Damages (Acres Ltd. : 1968) .   Unfortunately,   there  were l a r g e  

unexplained  discrepancies   between  the  reports   and  no  basis   exis ted  for  

deciding  which w a s  more r e l evan t   t o   t he   F rase r   R ive r  area. Consequently, 

a new s tudy  was undertaken  to   determine  the  probable   s tage-damage  re la t ion-  

sh ips   fo r   F ra se r   Va l l ey   dwe l l ings .  

I n i t i a l l y ,  a l l  d a t a  on p o t e n t i a l   s t r u c t u r a l  damage were t o   b e  

obtained  from a random f i e l d  sample  of  houses  from  each  class. However, 

because  assessment   rol ls   contained a l l  the   requi red   in format ion  on housing 

characteristics excep t   e l eva t ions  of  main floors  above  ground  level,  and 

because a l a r g e r ,  more accurate   sample  could  be  taken  f rom  these  rol ls   than 

i n   t h e   f i e l d ,   t h e   s u r v e y   a p p r o a c h  was abandoned.  Eventually,   only  data on 

ground  f loor   e leva t ions  were c o l l e c t e d   i n   t h e   f i e l d .  

Estimates of   s tandard   un i t   cos t s   o f   rep lac ing   and/or   repa i r ing  

h igh ,  medium and  low q u a l i t y   f l o o d  damaged material were obtained  from  the 

Federal  Department of Pub l i c  Works. Although th i s   depa r tmen t ,   w i th  i t s  

wide   access \   to   in format ion  on cons t ruc t ion   cos t s ,  w a s  t h o u g h t   t o   b e   t h e  

most r e l i a b l e   s o u r c e  of   such  data ,  i t s  estimates were checked  against  

information  from  the  Appraisal  Manual of B r i t i s h  Columbia  and  from a number 

of f i rms   con tac t ed   abou t   spec i f i c  items (Appendix  A.l). Because the  

r e s u l t s  of the  spot-checks  compared  favourably  with  the  f igures   provided 

by Pub l i c  Works, t he  l a t t e r  were mod i f i ed   on ly   s l i gh t ly  (Appendix A.3)- 

be fo re   be ing  combined wi th   in format ion  on A, B and C class house  character-  

istics to   de t e rmine  stage-damage r e l a t i o n s h i p s .  

2 1  

- 2 /  Note tha t   no   dep rec i a t ion  rates were a p p l i e d   t o   o b t a i n   t h e s e   f i g u r e s .  
Only i n   t h e  case o f   pa in t  damage could a deprec i a t ion  rate have  been 
j u s t i f i e d  and the   inc lus ion   of   such  a rate would  have  had  an  insignifi-  
cant e f f e c t  on t h e   t o t a l   s t r u c t u r a l  damage estimate. . 
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Damage r e l a t i o n s h i p s  were e s t a b l i s h e d   f o r   t h r e e   h o u s e  classes t o  

enable   the  development   of   typical   uni t   res ident ia l   s tage-damage  funct ions 

f o r  a l l  d i s t i n c t  areas on t h e   b a s i s  of the   p ropor t ions   o f   such   houses   in  

each area. These  funct ions  could  have  been  developed  in  several ways. One 

method cons ide red   i n   t h i s   ana lys i s   i nvo lved   t he   fo l lowing   ope ra t ions :  

1) c a l c u l a t i n g   e x t e r i o r   a n d   i n t e r i o r   b a s e m e n t  and  main f l o o r  damage p e r  

f o o t  of f looding   for   each   sample   house ;  2) f inding  the  average  "per   foot"  

damage f o r   t h e  main f l o o r  and  basement  of all houses  within  each class; 

3) combining  the  s tage-damage  curves   of   the   main  f loors   and  basements   into 

a composite  stage-damage  function  for  each  house class in   each   dyking  area; 

4 )  cons t ruc t ing  a stage-damage  curve  of  the  "typical"  house i n  each area 

by   tak ing  a weighted  average of the   func t ions   deve loped   for   the   th ree   house  

types.  

Because th i s   p rocedure   requi red   an   excess ive  number of   calcula-  

t i o n s ,  a s impl i f i ed   sys t em w a s  adopted   in   the   p resent   s tudy .   Before  any 

damage was e s t i m a t e d ,   t h e   s t r u c t u r a l   c h a r a c t e r i s t i c s  of houses   in   each  class 

were determined. The f i r s t   s t e p  w a s  t o   c a l c u l a t e   a v e r a g e   p e r i m e t e r s ,  areas 

o f   f l o o r  and walls,  he ights   o f  main f loors   above  ground  level ,   and  lengths  

of i n t e r i o r  walls. The second w a s  t o   e s t a b l i s h   t h e   p e r c e n t a g e   o f  A ,  B and 

C class houses made o f   s p e c i f i c  materials.?' Once de r ived ,   t h i s   i n fo rma t ion  

w a s  combined w i t h   t h e  unit-damage estimates provided  by  Publ ic  Works t o  

form  stage-damage  functions  for  exteriors,  main f l o o r   i n t e r i o r s  and  base- 

ments  of  houses i n  each   of   the   th ree  classes. 

Two e x t e r i o r  damage func t ions  were developed  for   each  house class 

because   ex te r io r  damages were found t o   v a r y   w i t h   t h e   h e i g h t s  of  main f l o o r s  

above  ground level and  with  the  percentage  of   houses   having  basements .  One 

func t ion  w a s  based on the  sample of houses   t aken   in  Richmond and t h e   o t h e r ,  

on the sample  taken in   Ch i l l iwack .  The two func t ions  were used   t o  repres- 

e n t   p o t e n t i a l  damages i n  a l l  areas i n   t h e   F r a s e r   V a l l e y .  The s e l e c t i o n  of 

a p a r t i c u l a r   f u n c t i 0 . n   f o r  a given area depended upon whether an area's 

houses were similar t o  t h o s e   i n  Richmond o r   t o   t h o s e   i n   C h i l l i w a c k .  
~~ ~~ ~ 

- 3/ For   ins tance ,  i t  w a s  found  tha t  60% of t h e  B class houses   have   p l a s t e r  
walls and 40% have  gyproc;  12%  have  wall-to-wall   carpeting, 36% have 
hardwood f l o o r i n g ,  29% are t i l e d  and 23% have f i r   f l o o r i n g .  Hence, i t  
w a s  p o s s i b l e   t o   d e s c r i b e  an  "average"  house as be ing  60% p l a s t e r  and 
40% gyproc, etc. 
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Appendix A.4 shows t h e   c h a r a c t e r i s t i c s  of A, B and C class houses 

and the   computa t ions   used   to   de te rmine   the i r  damage func t ions .  The f i n a l  

stage-damage  functions  for main f loors ,   basements   and   ex ter iors  are illus- 

t r a t e d   i n  Appendices  A.4.1.3,  A.4.2.3  and  A.4.3.3. 

CONTENT DAMAGE ESTIMATES 

A l a r g e   f i e l d   s a m p l e  would b e   t h e  most r e l i a b l e   s o u r c e   o f   d a t a  

on  which t o   b a s e  a descr ip t ion   of   the   average   conten ts   (and   subsequent ly ,  

f l ood  damage) of t y p i c a l  A,  B and C c lass   houses .  However, because a sample 

would  require   the use of more resources   than were a v a i l a b l e   f o r   t h e   p r e s e n t  

s tudy ,   the   in format ion   had   to   be   acqui red   th rough  secondary   sources .  

An at tempt  w a s  made t o   o b t a i n  a d e s c r i p t i o n  of   house  furnishings 

from  the  records  of  the  Canadian  Underwriters  Adjustment  Bureau. However, 

t h e  Bureau- i n  Vancouver   advised  that   ra ther   than  keep  detai led  records on 

furnishings  for   insurance  purposes ,   the   Bureau  s imply  assessed  the  value 

of t he   con ten t s  of a res idence  at 40% of the  market   cost   of   the   bui lding 

( exc lud ing   t he   p rope r ty ) .   S ince   t h i s   f i gu re   p roved   t o   be   t he   on ly   i nd ica -  

t i on   o f   t he   va lue   ( and   cha rac t e r i s t i c s )  of house   conten ts   ava i lab le ,  i t  

w a s  u s e d   i n   t h e   p r e s e n t   s t u d y  as a b a s i s  from  which  unit  stage-damage 

func t ions   for   house   conten ts   could   be   de te rmined .  

4 /  

Damage t o  basement  contents was assumed t o   b e  10% o f   t h e   t o t a l  

value  of   the  furnishings  of   each  house.  Estimates i n   t h e  Acres Report 

(1968)  ranged  from 7% f o r  "B" and "C" c la s s   houses   t o  20% f o r  "A". However, . 
s i n c e  "A" c lass   houses  on t h e   f l o o d p l a i n  are rare, the   p re sen t   s tudy   has  

ignored   the   poss ib le   d i f fe rences   tha t   might   ex is t   be tween  houses   o f  

d i f f e r e n t  classes. Moreover,  because  basements  tend t o   h a v e   o l d   o r   d i s -  

carded  furnishings  and,   because  their   contents   can  of ten  be moved u p s t a i r s  

i n  an emergency ,   the   10%  se lec ted   for   th i s   repor t  w a s  c o n s i d e r e d   t o   b e  a 

generous f i gure . 
- 4 /  Personal  communication 

-5 
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The only   o ther   in format ion   needed   to  estimate unit  stage-damage 

func t ions  w a s  obtained  from a r e p o r t  on t h e  Squamish  River  flood  problem 

(Engineering  Division:  1967).   Figure 16 illustrates t h a t   r e p o r t ' s  estimate 

o f   p o t e n t i a l  damage a t  var ious   f lood   depths   expressed  as a percentage  of  

t o t a l   c o n t e n t  value.?' h i s  p e r c e n t a g e   d i s t r i b u t i o n  w a s  a p p l i e d   t o   t h e  

p rev ious ly   ca l cu la t ed   va lue   o f   fu rn i sh ings  on main f l o o r s  and i n  basements 

t o  determine  the  content  damages o u t l i n e d   i n  Appendix A.5 

- 7 5  
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FIGURE 16 

COMBINED STRUCTURAL AND CONTENT DAMAGE 

T o t a l   s t r u c t u r a l  and  content damages es t imated   for   main  floors 

and  basements  (Appendix A.6) were combined w i t h   e x t e r i o r  damage func t ions  

(Appendix  A.4.2.3(3)) t o   de t e rmine   t o t a l   s t age -damage   func t ions   fo r  each 

house class i n  22 areas i n   t h e  Lower Fraser  Valley  (Appendix A. 7 . 1  and 

Figure 1 i n  Appendix A. 7) .61 The func t ions   ca l cu la t ed   fo r   each   house  class 

d i f f e r e d  among areas so le ly   because   o f   d i f fe rences   in   average   he ights   o f  

main floors  above  ground level,  i n   t h e   p e r c e n t a g e  of  houses with basements, 

and i n   e x t e r i o r  damage functions  (Appendix A. 7.2).  

A similar d i s t r i b u t i o n  of content  damage w a s  u s e d   i n   t h e  Winnipeg  (Royal 
Commission:  1958)  and Fraser  River  (Robertson:  1963, Dwg. 4433-G) 
b e n e f i t   s t u d i e s .  

Housing c h a r a c t e r i s t i c s  and u n i t  stage-damage  functions were a l s o  
de te rmined   for  10 areas i n  Kamloops, Prince  George  and  Quesnel i n   t h e  
upstream  reaches  of   the   Fraser   system  (Figures  2 ,  3 and 4 i n  Appendix 
A. 7 and  Appendices A. 8.1 and A. 8.2) .  
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Ult imate ly ,  a s i n g l e   u n i t  stage-damage  function w a s  deve loped   for  

each  of   the 22 areas by  combining  stage-damage  functions  of A,  B.  and C c l a s s  

houses   weighted  according  to   the  numerical   importance of t hese   houses   i n  

each area (Appendix A. 7 . 2 )  .- 7 /  

DETERMINING FLOOD  DEPTHS 

T i m e  and money c o n s t r a i n t s  made i t  imposs ib le   to   de te rmine   the  

e x a c t   e l e v a t i o n  and po ten t i a l   f l ood   dep th  of   every  f loodplain  dwell ing.  

Consequen t ly ,   spec i f i c   e l eva t ions  and  flood  depths were i d e n t i f i e d   f o r  

i nd iv idua l   houses   on ly   i n   l i gh t ly   popu la t ed  areas. In   h ighly   u rbanized  

areas, an averaging  technique was adopted as t h e   b e s t  way of  approximating 

these   da ta .   This   t echnique  w a s  e f fec t ive   because  i t  enabled   the  computa- 

t i o n  of   reasonably   cons is ten t  and accu ra t e   r e su l t s ,   e l imina ted   i ncons i s t en -  

cies i n  f lood  depth estimates tha t   could   have   resu l ted   f rom  specula t ion  

about   the level  of   f looding a t  each  house,  and  speeded up the   p rocess  of 

t a b u l a t i n g   t h e  number  of res idences  af f ec t ed .by   va r ious   f l ood   dep ths .  

I n   l i g h t l y   p o p u l a t e d  areas, f lood   depths   for   ind iv idua l   houses  

were e s t a b l i s h e d   f o r   v a r i o u s   p o t e n t i a l   f l o o d s  by s u b t r a c t i n g   t h e   e l e v a t i o n  

of  each  house  from  anticipated  f lood  elevations.  Land e l eva t ions  were 

obtained  from a i r  photographs   conta in ing   spot   he ights ,   and   f lood   leve ls ,  

from mapsi'  conta in ing   one   foo t   contour   l ines   represent ing  water s u r f a c e  

e leva t ions   tha t   would   occur   dur ing   var ious   f loods   (F igure  17b). 

In   heavi ly   popula ted  areas, severa l   ad jus tments  were made t o   t h e  

bas i c   da t a   be fo re   f l ood   dep ths  were de termined .   F i r s t ,  a l l  s p o t   h e i g h t s  

taken  from a i r  photographs were rounded t o   t h e   n e a r e s t   f o o t   a n d   t r a n s f e r r e d  

t o   o v e r l a y s .  "Zones"  of equa l   l and   e l eva t ion  were then   ou t l i ned  on t h e  

over lays   (F igure   17a) .   Secondly ,   average   e leva t ions   be tween  consecut ive  

one  foot water sur face   contours   (F igure  17b) were computed  and  bands  of 

- 7/  The proport ions  of  A ,  B and C class houses were determined  through 
a s s e s s m e n t   r o l l s   i n  Richmond and C h i l l i w a c k   a n d   i n   t h e   f i e l d   i n  a l l  
o t h e r  areas. 

- 8 /  Supplied by the  Engineer ing  Divis ion,  Water Planning  and Management 
Branch,  Department  of  the  Environment. 
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"equal"   f lood   e leva t ions  were drawn on t h e  water s u r f a c e  maps supp l i ed  by 

the  Engineer ing  Divis ion  (Figure  17c) .   Thirdly,   these  bands were trans- 

f e r r e d   t o   t h e   o v e r l a y s   c o n t a i n i n g   t h e   o u t l i n e s  of  zones  of  "equal1'  land 

e l e v a t i o n s  s o  t h a t  areas of  "equal"  f lood  depth  could  be  determined by 

comparing  bands  with  zones  (Figure  17d)-  Finally,  these areas were 

drawn on en larged  1969 a i r  photographs (scale 1:6,000).  This made i t  

p o s s i b l e   t o   i d e n t i f y   q u i c k l y   t h e   r a n g e   o f   f l o o d   d e p t h s   t o   w h i c h   h o u s e s  

would  be  subjected  and  enabled  the  enumerat ion of  dwel l ings   f looded   to  

each depth.  

9 /  

Although  the  averaging  technique  used i n   t h e   p r e s e n t   s t u d y  i s  

a d e q u a t e   f o r   r e s i d e n t i a l  areas l i k e   t h o s e   i n   t h e   F r a s e r   V a l l e y   w h i c h   h a v e  

r e l a t i v e l y   u n i f o r m   d i s t r i b u t i o n s  of  houses,  an alternative method  should 

b e   u s e d   i n  areas which do not   have   un i form  d is t r ibu t ions .  One such  method 

is t o  draw topographic  and water s u r f a c e   c o n t o u r   l i n e s  on a common  map o r  

photo  (Figure 1%). By marking  f lood  depths at t h e   p o i n t s  of i n t e r s e c t i o n  

of t h e  two types   o f   l i nes   and   con tour ing   t he   r e su l t i ng  map of "spot" 

depths ,  i t  i s  p o s s i b l e   t o  create a f lood  depth map (Figure 18c). Then, i f  

eve ry   house   l y ing   w i th in  any g iven   con tour   i n t e rva l  on t h i s  map is assumed 

t o   b e   f l o o d e d  by t h e   a v e r a g e   f l o o d   d e p t h   f o r   t h a t   i n t e r v a l  and i f   t h e  map 

con ta ins   one   foo t   i n t e rva l s ,   t he re  w i l l  be  less t h a n   s i x   i n c h e s   d i f f e r e n c e  

between  the  t rue  f lood  depths   and  the  averages computed u s i n g   t h i s  method. 

CALCULATING  TOTAL  POTENTIAL  RESIDENTIAL DAMAGES 

Once the   depth   o f   f looding  w a s  determined  for   every  house on t h e  

f loodp la in ,  i t  w a s  p o s s i b l e   t o  combine t h i s   i n f o r m a t i o n   w i t h   t h e   u n i t  

s tage-damage  funct ions  developed  for   selected areas. This  procedure  pro- 

vided an estimate of t h e   t o t a l   r e s i d e n t i a l  damages each   s e l ec t ed  area 

would suffer   during  f loods  of   var ious  magni tudes  (Appendix H. 1). 
~ ~~ ~~~ ~~~ ~ ~~~ ~~ ~~ 

- 9/ This   p rocedure   enables   the   es t imat ion   of   f lood   depths   accura te   to  
w i th in   one   foo t   o f   t rue   f l ood   dep ths   ( i f   spo t   he igh t s  and water s u r f a c e  
contours are a c c u r a t e ) .  

. 
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FIGURE 17 

STEPS I N  ESTABLISHING AVERAGE DEPTHS OF FLOODING 
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FOR A FLOOD OF A G I V E N  FREQUENCY 

1 . 6 '  I 
I 

I 
I 

I \ I 

I I 

\ 
\ 

\ \ 
\ \ \ 

I '  \ 
\ 
I 

\ 
\ I 

17a. Sample  map.showing  an area 
f o r  which t h r e e  "bands" o f  

17b. 

17c. 

17d. 

"eaual"   e levat ion are 

Water sur face   contours   o f  
. .~~ 
1/50 yr .   f lood   of  area 
shown i n  17a 

"Bands" o f   w a t e r   l e v e l s  
of   "equal"   e leva t ion   in  
1 /50   yr .   f lood  

Average p o t e n t i a l   d e p t h s  
o f   f l ood inn   i n   1 /50  v r .  
f lood   der ived  by over- 
lay ing  "17a" w i t h   " 1 7 ~ "  



"45 - 

FIGURE 18 

MAPS  SHOWING DERIVATION OF DEPTH OF FLOODING MAP FROM 

TOPOGRAPHIC AND WATER SURFACE CONTOUR INFORMATION 
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A review of p rev ious   s tud ie s  o f   f l o o d   l o s s e s   i n   t h e  Lmer Frase r  

Valley showed t h a t   t h e  most s i g n i f i c a n t   p o r t i o n   o f   t h e   t o t a l  damage t h a t  

would  occur i n  a major  f lood  would  consist  of damage t o   r e s i d e n t i a l  

property.   Consequently,  i t  was cons ide red   e s sen t i a l   t o   deve lop  an accu ra t e  

method f o r   c a l c u l a t i n g   r e s i d e n t i a l  damages i n   t h e   i n t e r e s t  of a t t a i n i n g  

a reasonably  accurate  estimate o f   t o t a l   l o s s e s .  

Municipal   assessment   rol ls   proved  useful   in   providing  information 

on t h e   s t r u c t u r a l   c h a r a c t e r i s t i c s  of  high, medium and low q u a l i t y   h o u s e s   i n  

f l o o d p l a i n  areas. Th i s   sou rce ,   i n   con junc t ion   w i th  a f i e l d   s u r v e y  and 

da ta   ob ta ined  from the  Federal   Department  of  Public Works,  formed t h e   b a s i s  

f o r   d e t e r m i n i n g   p o t e n t i a l   s t r u c t u r a l  damages t o  houses  on  the  f loodplain.  

The Canadian  Underwriters  Adjustment  Bureau  and ear l ie r  s t u d i e s  

of f lood  damages i n   t h e  Lower Mainland were the   sources  of information  used 

t o  compute p o t e n t i a l   c o n t e n t  damages f o r   t h e   t h r e e   c l a s s e s  of res idences  

i d e n t i f i e d  above. 

A separate  unit   stage-damage  curve was cons t ruc ted   for   each  

dyking area i n   t h e   F r a s e r   V a l l e y   t o   r e p r e s e n t   t h e  damage t h a t  would  occur 

a t  var ious   f lood   depths   to   the   "average"   house   in   each .  

In  urban  zones , one-foot  contours of depths  of  inundation were 

drawn  on air  p h o t o s   t o   h e l p   i d e n t i f y   r e s i d e n t i a l  areas s u b j e c t   t o   i d e n t i c a l  

depths   o f   f looding   dur ing   se lec ted   f loods .  The use of these  contours  

enabled a rap id   and   reasonably   accura te   es t imat ion   of   the   to ta l  damage t h a t  

would  occur t o  residences  during  f loods  of  various  magnitudes  (Appendix H.l). 

CONCLUSION 

Although  there i s  l i t t l e  empir ica l   ev idence   wi th   which   to  compare 

t h e   r e s i d e n t i a l  damages e s t ima ted   fo r   t he   F rase r   R ive r  Dyking areas, 

several f ea tu res   o f   t he  methods  used i n   t h i s   s t u d y   l e n d   c r e d i b i l i t y  t o  t h e  

r e s u l t s .   F i r s t ,   t h e  sample  of  houses i s  l a r g e ,   t h e   d a t a  on s t r u c t u r a l  

c h a r a c t e r i s t i c s  are de ta i l ed   and   accu ra t e ,  and  supplementary  information 

on r e p a i r   c o s t s  were obtained  f rom  rel iable   sources .   These  factors   sug-  

g e s t   t h a t   t h e   u n i t  stage-damage  functions are reasonably  precise.  Moreover, 
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because  sound  techniques were used   to   de te rmine   the   depths   o f   f looding ,  

e r r o r s   t h a t   c o u l d   h a v e   o r i g i n a t e d   i n   t h i s  area were minimized. 

Numerous va r i ab le s ,   wh ich   can   a f f ec t   f l ood  damages s i g n i f i c a n t l y ,  

have,  however,   been  excluded  from  the  analysis.   Perhaps  the  most  important 

one lies i n   t h e  realm o f   p o t e n t i a l  "human reac t ions"   to .   f loods .  Any 

evacuat ion of f u r n i t u r e   o r  emergency  measures  undertaken  during a f lood  

w i l l  d r a s t i c a l l y   a f f e c t   t h e   v a l i d i t y  of t h e  estimates of t o t a l  damages as 

they  have  been  computed in   t he   p re sen t   s tudy .   Hydro log ic   va r i ab le s   such  

as water veloci ty ,   durat ion  of   f looding,   channel   changes,   sediment   loads,  

and t h e  amount o f   d e b r i s   i n   t h e  water c a n   a l s o   i n f l u e n c e   t h e   s i z e   o f  

damages d u r i n g   p a r t i c u l a r   f l o o d s .  All of t h e s e   v a r i a b l e s  are p resen t ly  

unpred ic t ab le   o r  else have unknown e f f e c t s  on the   houses   found  in   the  

Fraser   Bas in ,  What i s  cer ta in ,   however ,  i s  t h a t   t h e s e   v a r i a b l e s  do a f f e c t  

t h e  s i z e  of damages  and t h e i r   e x c l u s i o n   i n  any s t u d y   o f   p o t e n t i a l   f l o o d  

damages i n v i t e s  criticisms o f   t h a t   s t u d y ' s  estimates. 

Despi te   inherent  weaknesses i n   t h e   p r e s e n t   a n a l y s i s ,   t h e   t e c h -  

niques  adopted were t h e  most r e l i ab le   ones   ava i l ab le   du r ing   t he  implemen- 

t a t i o n   s t a g e s   o f   t h e  program.  The s t u d y   o f f e r s  a l e v e l  of g e n e r a l i t y   t h a t  

should,  on average,   outweigh  the  advantages  that  a summary of a c t u a l  

damages i n f l i c t e d  by - one s p e c i f i c   h i s t o r i c   f l o o d  might  have.  Moreover, 

t h e   d a t a   b a s e  is s u f f i c i e n t l y   d e t a i l e d  and accu ra t e   t o   gua ran tee  a high 

cor re la t ion   be tween  es t imated   and   ac tua l   f lood  damages i n   t h e   l o n g  run. 
Thus, regard less   o f   d ivergences   o f   ac tua l   and  computed damages that   might  

a p p e a r   d u r i n g   p a r t i c u l a r   i n u n d a t i o n s ,   t h e   r e s i d e n t i a l  damage estimates 

c a l c u l a t e d   f o r   t h e   F r a s e r  River Basin  form a sound  foundation upon which 

t o t a l  damage estimates can rest. 
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CHAPTER I V  

COMMERCIAL AND INDUSTRIAL DIRECT FLOOD DAMAGE 

INTRODUCTION 

All f lood  damages i n f l i c t e d  on t h e   c o n t e n t s ,   s t r u c t u r e s  and 

proper ty  of  commercial  and i n d u s t r i a l   e s t a b l i s h m e n t s  are c l a s s i f i e d  as 

pr imary   d i rec t  damages. They inc lude   cos t s  of  clean-up  and damages t o  

inventory,   equipment,  raw materials and bu i ld ings .  

P a s t  methods  of  measuring  these damages have  var ied  consider-  

ably .- 11 I n  some s tud ie s ,   su rveys   o f   ac tua l   f l ood  damages were ca r r i ed   ou t .  

I n   o t h e r s ,   s y n t h e t i c  damage curves were cons t ruc ted  on t h e   b a s i s  of f i e l d  

surveys  of  plant  lay-outs  and  conjecture  about  the  extent of p o t e n t i a l  

d e s t r u c t i o n .   I n  s t i l l  others ,   assumptions were made d e f i n i n g   s p e c u l a t i v e  

re la t ionships   be tween  p lan t   va lue   and  damage a t  d i f f e r e n t   f l o o d   l e v e l s .  

On t h e   b a s i s  of a review of t h e  methods  used i n   t h e s e   p r e v i o u s  

s tud ies ,   th ree   fundamenta l   p rocedura l   dec is ions  were made i n   t h e   p r e s e n t  

ana lys i s .  The f i r s t  w a s  t o  deve lop   synthe t ic  damage curves from f i e l d  

survey  information.  The second w a s  t o  group d i f f e r e n t   t y p e s  of  commercial 

a c t i v i t i e s   i n t o   c a t e g o r i e s   a n d   t o  compute  an  average  unit-damage  curve f o r  

each. The t h i r d  w a s  t o   d e t e r m i n e   i n d u s t r i a l  damages by surveying  every 

indus t ry  on the   f loodpla in .  

This   chapter   descr ibes  how t h e s e   t h r e e   g e n e r a l   g u i d e l i n e s  were 

used   to  estimate p o t e n t i a l   i n d u s t r i a l  and  commercial damages i n   t h e   F r a s e r  

River  Basin. It  o u t l i n e s   t h e   t e c h n i q u e s   a p p l i e d   d u r i n g   t h e   f i e l d   s u r v e y ,  

the  development  of  unit  stage-damage  functions,  and  the  computation  of 

t o t a l  damages. 

The r e s u l t s   o f   t h i s   a n a l y s i s  are t o   b e   u s e d   w i t h   c a u t i o n .  

E r r o r s   i n   t h e   f i n a l  damage estimates may b e   s i g n i f i c a n t .   I n   s t u d i e s  of 

t h i s   t y p e ,   t h e   e x t e n t   o f   p o t e n t i a l   f l o o d  damage repor ted  by a p r o p r i e t o r  

during an interview  depends upon h i s   i d e a s  of how he   th inks   he  w i l l  react 

i n   t h e   e v e n t   o f  a f lood.  It f luc tua te s   f rom  pe r son   t o   pe r son  and   f i rm  to  
~~ ~~~ 

- 1/ For  example see: Acres (1968), Kates (19651,  Robertson  (1963), 
Royal Commission (1958) ,   S tanford   Research   Ins t i tu te   (1960) ,  
U.S. Corps  of Engineers  (1965),   and White (1964). 
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f i r m .   I n   f a c t ,   t h e   o n l y   r e l a t i v e l y   c o n s i s t e n t   f a c t o r   u n i f y i n g   t h e   d a t a  

g a t h e r e d   i n   t h e   i n t e r v i e w i n g   p r o c e s s  is the   r e sea rch  team. And t h e  

accuracy  of the e n t i r e  damage estimate rests on the  tenuous premise t h a t  

each   researcher  makes a co r rec t   sub jec t ive   dec i s ion   abou t   t he   va l id i ty  of 

a f i rm ' s  estimate of i t s  probable  damage i n  a hypothe t ica l   f lood .  

COMMERCIAL PRIMARY DIRECT DAMAGE 

1. ASSUMPTIONS 

Since a l l  commercial e n t e r p r i s e s  on 

behind  dykes and s i n c e   t h e   t y p e  of f looding  c 

t h e   f l o o d p l a i n  are loca ted  

o n s i d e r e d   i n   t h i s   a n a l y s i s  

would r e s u l t  from a major dyke f a i l u r e ,  i t  was assumed t h a t   p r o p r i e t o r s  

would  have no time t o  remove inventory   f rom  the i r   es tab l i shments   in   the  

event  of a flood.2/  Perhaps a few f i rms   loca ted   near   h igh   ground  in  

areas such as Mission  would  be  able  to  evacuate some goods. To t h e   e x t e n t  

t h a t   t h i s  is t r u e ,  commercial damages are o v e r - s t a t e d   i n   t h i s   s t u d y .  

Generally,  however, l i t t l e  such  evacuation is  l i k e l y   t o   o c c u r  and the   use  

of average  stage-damage  curves  based on anything  but   the   assumption  adopted 

c o u l d   l e a d   t o  a gross  underestimation  of  commercial  damages. 

2 .  DEVELOPMENT OF THE QUESTIONNAIRE AND DA?IAGE CATEGORIES 

The o b j e c t i v e  of  t h e   f i e l d   r e s e a r c h  on commercial2' a c t i v i t i e s  

w a s  t o   g a t h e r  enough  information  on  potential  damage t o  allow t h e  

cons t ruc t ion   o f   s t age -damage   cu rves   fo r   s eve ra l   d i s t i nc t   ca t egor i e s  of 

commercial   enterprises.  To meet t h i s   o b j e c t i v e ,   1 5   t e n t a t i v e   g r o u p s  

were formed on the   bas i s   o f   p rev ious   r epor t s  on the  subject  (White,   1964; 

Acres, 1968).  Then, a ques t ionnai re   model led   a f te r   one   used  by  Acres 

(1968: V.  2 ,  App. B.  8) w a s  drawn up and a p i l o t   s u r v e y  was conducted a t  

Mission, B.C.  

- 2 /  This  i s  cons i s t en t   w i th   t he   r e s iden t i a l   con ten t  damage estimates. 

- 3/ "COmmercial" r e f e r s   t o   w h o l e s a l e ,  re ta i l  and service t r a d e s .  

. 
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. 

The p i l o t   r u n   r e v e a l e d  two ve ry   u se fu l   f ac t s .  F i r s t ,  i t  proved 

t h a t   p o o r   r e s u l t s  were obta ined  when a ques t ionna i r e  w a s  p re sen ted  and 

e x p l a i n e d   t o  a p ropr i e to r   w i th   t he   r eques t   t ha t  i t  b e   f i l l e d   o u t  and 

re turned  by m a i l .  P ropr ie tors   responded  so   adverse ly   to   th i s   approach  

tha t   t he   ques t ionna i r e   had   t o   be   r emode l l ed   t o   enab le   t he   r e sea rche r  

h i m s e l f   t o   t a k e   s t o c k   o f   p o t e n t i a l  damages du r ing   t he   i n t e rv i ew (Appendix 

B.l) .   Secondly,  i t  revealed  the  need  for   construct ing  s tage-damage 

f u n c t i o n s   f o r  20 ca tegor ies   wi th in   the   commerc ia l   sec tor   to   account   for  

t h e   d i v e r s i t y  of  commercial a c t i v i t i e s  on t h e   f l o o d p l a i n .  

The f i n a l  20 categories  for  which  average  stage-damage  relation- 

s h i p s  were determined are the   fo l lowing:  

1. Petroleum  Services  - s e r v i c e   s t a t i o n s ,   b u l k   o i l   p l a n t .  

2. F inanc ia l   Se rv ices  - banks,  trust companies,  finance 

companies. 

3 .  Grocery Retail  - supermarkets ,  medium-sized g roce ry   s to re ,  

comer   s tore ,   g rocery   wholesa le ,   confec-  

t i o n e r y ,  and l i q u o r   s t o r e s .  

4 .  Hardware S t o r e s  - 
5. General   Stores  - dry   goods ,   feeds tuf fs   (eg .   Bucker f ie lds) ,  

and v a r i e t y   s t o r e s .  

6. Retail S to res  - e s s e n t i a l l y   l a r g e  re ta i l  es tab l i shments .  

7. Furni ture   and  Furnishings - fu rn i tu re ,   app l i ances ,   ca rpe t s ,  

d rape r i e s  ; a l s o   i n c l u d e s   p a i n t s ,   t e l e v i s i o n .  

8. Small Retail Trade - jewellers, s t a t ione ry ,   mus ic   s to re s ,  

pho tograph ic ,   f l o r i s t ,   need lework ,   spo r t ing  

goods,   book  shops,   fabr ic ,   b icycle   and 

mower s t o r e s ,   e t c .  

9 .  Retail Apparel - men's wear, l a d i e s '  wear, and  footwear. 

10. Mechanical Retail - machine  shop, (i.e. wrecke r s ,   pa r t s ,  

body shop,  re ta i l  - a i r -cooled   engines) .  

11. Building  Suppl ies  - lumber  yard (when assoc ia ted   wi th   "do- i t -  

y o u r s e l f "   t y p e   s t a r e s ) ,   s a s h  and  door, 

g l a s s  - of t en   i nc luded   mi r ro r s .  

12. Contractor   Services   (small)  - e lec t r i ca l ,   p lumbing ,  

uphols tery . 
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13 .  Personal   Serv ices  - beauty  salon,  barbers,   laundromat,   dry 

c l e a n e r s ,  and f u n e r a l  homes. 

14 .  Recreat ion  Services  - t h e a t r e s ,   b i l l i a r d   h a l l s ,   b o w l i n g  

a l l e y s ,  ice  r i n k s ,   b a r s ,   e t c .  

15.  Hotel-Motel  Services - ho te l s ,   mo te l s ,   au tocour t s .  

16. Transpor ta t ion   and  Communication Serv ices  - p r i n t i n g ,  news- 

pape r ,   pub l i she r s ,   t ruck ing   and   f r e igh t  

services. 

17 .   P ro fes s iona l  Services - doctors ,   denta l   surgeons ,  lawyers 

and s o l i c i t o r s ,   v e t e r i n a r i a n s ,   o p t o m e t r i s t s  

a n d   r e a l t o r s  

18. I n s t i t u t i o n a l   A s p e c t s  - cour thouse ,   pos t   o f f i ce ,   hosp i t a l .  

19. Food Serv ices  - r e s t a u r a n t ,   d r i v e - i n ,   c o f f e e   s h o p ,   c a f e ,  

de l eca t e s sen ,   spec ia l ty   foods ,   bu tche r s ,  

bakers ,   and similar. 

20. Drug S t o r e s  - a l l  types  and  s izes   ranging  f rom  the  very 

l a r g e   t o   q u i t e  small. 

3.  SAMPLE  SELECTION AND USE OF ASSESSMENT  ROLLS 

Two r e s e a r c h e r s   c a r r i e d   o u t  the f i e l d   s u r v e y   o f   p o t e n t i a l  

commercial  flood damage during May through  August,  1971. Data were 

o b t a i n e d   f o r  81 of   the  1 ,150  commercial   enterpr ises   located on t h e  Lower 

F rase r   f l oodp la in .  From 1 t o  10 es tab l i shments  were sampled  for   each 

category,  depending upon the   d ive r s i ty   an t i c ipa t ed   w i th in   each .   Because  

of t h e  small sample   s izes ,  random sampling  techniques  could  not  be  used 

e f f e c t i v e l y   i n   t h e   d a t a   c o l l e c t i o n .   I n s t e a d ,   r e p r e s e n t a t i v e   s e l e c t i o n s  

were made on the   bas i s   o f   p r io r   i n fo rma t ion   abou t   t he   t ypes   o f   commerc ia l  

e s t a b l i s h m e n t s   i n  Richmond, Chilliwack  and  Mission  City. 

The researchers   used  two sources   t o   deve lop  a complete list of 

f l o o d p l a i n   e s t a b l i s h m e n t s   a n d   t h e i r   s t r u c t u r a l   c h a r a c t e r i s t i c s .   I n  areas 

w i t h  few c o m e r c i a l  ac t iv i t ies  on the   f l oodp la in ,   e s t ab l i shmen t s  were 

i d e n t i f i e d   d i r e c t l y   i n   t h e   f i e l d .   I n   t h e   m u n i c i p a l i t i e s  of  Richmond, 

Chilliwack  and Delta, f i rms were f i r s t   i d e n t i f i e d   t h r o u g h   m u n i c i p a l  assess- 

ment records.  The accuracy  of these reco rds  was t h e n   c h e c k e d   i n   t h e   f i e l d .  

. 
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Assessment  records were u s e f u l  as a source   o f   da ta  on the   t ype  

o f   a c t i v i t y ,   t h e   a d d r e s s  of t he   f i rm ,   t he   t ype   o f   s t ruc tu re ,  i ts  dimensions 

and in te r ior   f in i sh ,   and   the   va lue   o f   machinery ,   equipment   and   furn i ture .  

They proved  unreliable  however,   because  they were seldom  up-to-date. Con- 

s e q u e n t l y ,   e v e r y   l i s t i n g   i n   t h e   a s s e s s m e n t   c a r d s  had t o   b e  checked i n   t h e  

f i e l d   b e f o r e  a complete  inventory  could  be drawn up f o r  1971.  

4 .  DAMAGE ASSESSMENT 

P r i o r   t o   t h e   i n v e s t i g a t i o n   o f   i n d i v i d u a l   f i r m s ,  a l ist  of u n i t  

c o s t s  of r e p a i r i n g   a n d   r e p l a c i n g   d i f f e r e n t   s t r u c t u r a l   f e a t u r e s  of commer- 

c i a l  bu i ld ings  was prepared.  The i n f o r m a t i o n   r e q u i r e d   f o r   t h i s   i n d e x  was 

obta ined  from the   Fede ra l  Department  of  Public Works, p r iva t e   conce rns ,  

and B.C .  Appraisal  Manuals  (Appendix  A.3). As t he   s tudy   p rogres sed ,   t he  

. l i s t  was expanded to   inc lude   the   va lues   o f   machinery ,   furn i ture   and  

equipment commonly found in   s to re s .   Th i s   compos i t e  l i s t  w a s  u s e f u l   i n  

un tangl ing   conf l ic t ing   in format ion   g iven  by d i f f e r e n t   p r o p r i e t o r s  and 

ac t ed  as back-up d a t a   f o r   e s t i m a t i n g  damage t o  goods  whose  values were no t  

known. 

During t h e   i n t e r v i e w s ,   t h e   f i e l d   r e p r e s e n t a t i v e s   a s k e d   p r o p r i -  

e t o r s   t o   c o o p e r a t e  by providing  information on the   va lue   o f   t he i r   i nven-  

t o r i e s ,   t h e   p e r c e n t a g e  damageable a t  each   foo t   o f   f l ood ing ,   poss ib i l i t i e s  

of s a lvage ,  and  values  of  equipment  and  furniture.   If   such  cooperation 

w a s  no t   g iven ,   the   researchers   had   to   ob ta in   the   da ta  by  sampling  the 

i n v e n t o r y   i n   t h e   s t o r e s .  

The sampling  procedure  used  in   the l a t te r  case v a r i e d   w i t h   t h e  

type  of   es tabl ishment .  However, the   genera l   approach  w a s  to   measure  

she lves ,   racks ,   counters   and   d i sp lay   cab ine ts   and   to   record   the   va lue  

of goods  found i n   s e l e c t e d   s a m p l e  areas wi th in   each   t ype   o f   d i sp l ay   o r  

storage  unit .   For  example,   an  inventory  of a l l  t he  goods  found  on a s h e l f  

w i t h i n  a number of one  foot   lengths  w a s  taken a t  r e g u l a r   i n t e r v a l s .  The 

average  value  per   foot   of   sample  shelving was t h e n   a p p l i e d   t o   t h e   e n t i r e  

l eng th   o f   she lv ing   t o   ob ta in   t he   t o t a l   va lue   o f  goods i n   t h e   u n i t .  When 

t h i s   i n f o r m a t i o n  w a s  combined with t h e   p r o p r i e t o r ' s  estimate of the  pro-  

p o r t i o n  of h i s   i nven to ry   t ha t   cou ld   be   s a lvaged ,  i t  w a s  p o s s i b l e   t o  

de t e rmine   t he   f i rm ' s   t o t a l   i nven to ry  damage f o r   e v e r y   f o o t  of  f looding. 
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S t r u c t u r a l  damages were es t imated  by applying  re-calculated 

un i t   cos t s   ( ad jus t ed   fo r   age   and   qua l i t y   o f   t he   s t ruc tu res )   t o  statistics 

on t h e   s t r u c t u r a l   c h a r a c t e r i s t i c s  of t h e   b u i l d i n g s   s e l e c t e d   i n   t h e   f i e l d  

su rvey .   These   cha rac t e r i s t i c s   i nc luded   t he   qua l i t y ,  material and area of 

windows, w a l l s ,  doors   and  f loors   and  the  f lood  depths  a t  which  the  bui ldings 

would  be damaged. The estimates of s t r u c t u r a l  damage were combined wi th  

inventory,   equipment  and  other  content damage t o  form a composite  stage- 

damage t ab le   fo r   each   s ample   commerc ia l   en t e rp r i se .  

. 

One of  t he  most d i f f i c u l t  problems  of   the  f ie ld   survey was t o  

determine rea l i s t ic  sa lvage  rates f o r   t h e  many types  of  goods  encountered. 

Other   s tud ies  (White, 1964;   Acres ,   1968)   had   ident i f ied   sa lvage   poss ib i l -  

i t ies  f o r   c e r t a i n  goods  and t h e s e  were t en ta t ive ly   accep ted   i n   t he   beg inn ing  

of t h e   a n a l y s i s .  However, they were subsequently  abandoned  because  no 

es tab l i shments   in   the   Fraser   Val ley   could   conf i rm them.  The set  of   salvage 

rates f ina l ly   adopted  was based on the   consensus   tha t   the   sa lvage   va lue  

would   usua l ly   be   negl ig ib le   and   on ly   in   the   fo l lowing  cases would some 

degree of s a l v a g e   b e   p o s s i b l e ;  

1. Liquor   Stores  85-100% sa lvageable  
2 .  Hardware 35- 40% sa lvageable  
3. Jewellers 35- 33% sa lvageab le  
4. Spor t ing  Goods 8- 12% sa lvageab le  
5.  Drugs ( including  cosmetics)  8- 10% sa lvageab le  

5 .  UNIT STAGE-DAMAGE RELATIONSHIPS 

Once t o t a l  damages had   been   tabula ted   for   each   sample   es tab l i sh-  

ment p e r   f o o t  of f looding ,   average  damage curves were formed f o r   t h e  

various  commercial   categories.   This was done  by c a l c u l a t i n g   t h e  damage 

per   square   foo t   o f   f loor  area pe r   foo t   o f   f l ood ing   fo r   each   e s t ab l i shmen t .  

Then t h e   r e s u l t i n g   f i g u r e s  were a l l o c a t e d   t o   t h e i r   a p p r o p r i a t e   g r o u p s   a n d  

a s imple  average damage pe r   squa re   foo t   pe r   foo t   o f   f l ood ing  was computed 

for   each  category  (Table  1).- 4 /  

- 4/  Category 6 had  to   be  determined  by  averaging 4 ,  8, and 9 because  none 
of t h e   s t o r e s   i n   t h i s   g r o u p  would  cooperate. 
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TABLE 1 

AVERAGE DOLLAR DAMAGE PER SQUARE FOOT  OF COMMERCIAL BUILDING AREA 

AT ONE FOOT  FLOOD DEPTH INTERVALS 

Cumulative Damage ($>  per   Foot  of Flooding 
CATEGORY OF 
ESTABLISHMENT 1 f t .  2 f t .  3 f t .  4 f t .  5 f t .  6 f t .  7 f t .  8 f t .  9 f t .  10 f t .  

1.Petroleum 
Services 2 .6  

2 .  Finan c i  a1  
Services   2 .3  

3.  Grocery 
Re ta i l   2 .3  

4. Har b a r e  1.9 
5.   General '  

Stores 2 . 2  
6. Retail 

d,' S t o r e s  5.0 
7. Furn i ture  & 

Furnishings  11.3 
8. Small 

Retail Trade  3.9 
9. Retail 

Apparel  9.2 

R e t  ail 2.1 

Supplies  4.4 

Services 2.0 

Services   3 .3  

Services   1 .3  

Services   2 .3  

Communi c . 
Services 3.4 

17 ,Profess iona l  
Services  2.6 

1 8 . I n s t i t u t i o n a l  
Serv ices  1.8 

19 .Food Serv ices  1 . 7  
20.Drug S to res   1 .3  

10.Mechanical 

11. Building 

12.  Contractor 

13.Personal 

14.  Recreation 

15 .Hotel-Motel 

16.Transp & 

3.5 

3.2 

5.6 
3.1 

4.5 

10.2 

14 .3  

6.5 
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This method  of  calculating  stage-damage  relationships is 

s u p e r i o r   t o  alternative methods. It  avo ids   b i a ses   t owards   l a rge   s to re s  

inhe ren t   i n   t echn iques   i n   wh ich   r eco rded  damages of a l l  sample  f irms are 

summed w i t h i n  a given  category  and  divided by t h e   t o t a l   f l o o r  area 

measured in   the  sample.   Moreover ,  i t  d o e s   n o t   a t t r i b u t e  an u n r e a l i s t i c  

degree of accuracy   to   the   sample  damage estimates. Such  would b e   t h e  case 

i f   t h e   i n d i v i d u a l  damage curves   had   been   weighted   accord ing   to   the   s ize  

d i s t r i b u t i o n   o f   t h e   f i r m s  on the   f l oodp la in . -  For   these   reasons ,   the  5/ 

I 1  mean of means" approach w a s  adopted i n   t h e   p r e s e n t   a n a l y s i s .  

6. ESTIMATING TOTAL DIRECT COMMERCIAL DAMAGE BY DYKING AREA 

The t o t a l   p o t e n t i a l  commercial damage for   each   dyking  area w a s  

d e t e r m i n e d   i n   f o u r   s t e p s .   F i r s t ,  a l l  es tab l i shments  were 

appropr ia te   ca tegor ies .   Then ,   the   depth  of inundation  of 

w a s  c a l c u l a t e d  by  comparing f loor   e leva t ions2 '   wi th  water 

contours.7/   Next,   f loor areas were mul t ip l i ed   by   t he   un i t  

a s s i g n e d   t o   t h e i r  

e a c n   s t r u c t u r e  

s u r f  ace 
damage estimates . 

of T a b l e  1 t o   o b t a i n   t h e   t o t a l   p o t e n t i a l  damage fo r   each   f i rm .   F ina l ly ,  

t o t a l  damages f o r   e a c h   d y k i n g   d i s t r i c t  were computed  by summing t h e  

damages e s t i m a t e d   f o r   t h e   i n d i v i d u a l   e s t a b l i s h m e n t s  (Appendix H.2) .  

INDUSTRIAL PRIMARY DIRECT DAMAGE 

1. ASSUMPTIONS 

I n   a s s e s s i n g   i n d u s t r i a l  damages,  generally i t  was assumed t h a t  

no evacuation  would  be  possible  and  no emergency measures would b e  under- 

t a k e n   i n   t h e   e v e n t  of a flood.  This  assumption was made f o r  two reasons.  

- 5 /  The same a rgumen t   accoun t s   fo r   t he   f a i lu re   t o   we igh t   t he  damages f o r  
each   type   o f   ac t iv i ty   wi th in   each   ca tegory   accord ing   to   the i r   p repon-  
derance  on  the  f loodplain.  

- 61 Spot   he ights   p lo t ted   on   1961 a i r  photographs were u s e d   t o  estimate 

7 /  Water s u r f a c e   e l e v a t i o n s   o f   d i f f e r e n t   h y p o t h e t i c a l   f l o o d  levels were 

t h e s e   e l e v a t i o n s .  

- 
provided by Engineer ing  Divis ion,  Water Planning  and Management Branch, 
Department  of  the  Environment, Government  of  Canada (1971). 
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Fi r s t ,   t he   t ype   o f   f l ood ing   cons ide red   i n   t h i s   s tudy   wou ld   r e su l t   on ly  

from a major dyke fa i lure .   Secondly  , accord ing   t o   t he   f i e ld   su rvey ,   on ly  

7% of the   f loodpla in   f i rms  were concerned  about   the  f lood  hazard o r  had 

developed any kind of  emergency  program. 

The  few i n d u s t r i e s   t h a t  were prepared   to   evacuate   the i r   equipment  

and materials were assumed t o   b e a r   e v a c u a t i o n   c o s t s   r a t h e r   t h a n   f l o o d  

damages.  These i n d u s t r i e s  were usua l ly   l oca t ed   nea r   h igh   g round   o r   cou ld  

move t h e i r  goods t o   e l e v a t e d  p a r t s  of t h e i r   p l a n t s .  

2 .  DEVELOPMENT OF THE QUESTIONNAIRE 

A study by Acres (1968) proposed   tha t   the   mos t   e f fec t ive  way 

of   obtaining  f lood damage information  f rom  industr ies  w a s  t o   u s e   a n  open- 

ended  interview  approach  ra ther   than a formal   quest ionnaire .   This   technique 

w a s  i n i t i a l l y   a d o p t e d   i n   t h e   p r e s e n t   s t u d y  and t e s t e d   i n  a p i l o t   s u r v e y  a t  

Mission, B. C. 

The p i l o t   s u r v e y  showed t h a t   t h i s   p r o c e d u r e  w a s  inadequate .  Not 

only were impor tan t   ques t ions   omi t ted   in   the   in te rv iews ,   bu t   a l so ,   d i rec t  

damages were d i f f i c u l t   t o   r e c o r d .   T h e r e f o r e ,  a formal   quest ionnaire   and 

an inventory   shee t  were drawn up t o  overcome these  problems. 

The ques t ionna i r e  was des igned   t o   ob ta in   an   i ndus t ry ' s   s t ruc -  

t u r a l   c h a r a c t e r i s t i c s  , product ion ,  wages  and salaries, p o t e n t i a l   t o   d e f e r  

product ion ,   inputs   and   ou tputs ,   inventory   va lue ,   and   assessed   p lan t   and  

equipment  values  (Appendix B. 2 ) .  Answers t o  a l l  bu t   the   input -output  

ques t ions  were used   i n   e s t ima t ing   p r imary  damages.  Those r e l a t e d   t o  

p roduc t ion ,   wages ,   and   po ten t i a l   t o   de fe r  were used   fo r   ca l cu la t ing   bo th  

primary  and  secondary damages.  The input-output   data  were u s e d   f o r  

computing  secondary  losses   and  for   ver i fying  reported  product ion.  The 

assessed   va lues  , acreage,  employment  and product ion were used  for   checking 

t h e   v a l i d i t y  of a f inn's damage claims and f onning a base  from  which 

estimates of  damages to   non-pa r t i c ipa t ing   f i rms   cou ld   be  made. 

Of t h e   q u e s t i o n s   a s k e d ,   t h o s e   r e l a t e d   t o   a s s e s s e d   v a l u e s  and 

cons t ruc t ion  materials proved least usefu l .   Repl ies   to   quer ies   on  

appra ised   va lues  were incons i s t en t   because   d i f f e ren t   f i rms   r epor t ed   d i f -  

f e r e n t   t y p e s  o f   va lues   fo r   t he  same items ( i . e .   dep rec i a t ed  book va lues ,  

replacement   values   or   value  used  for   tax  purposes) .   Moreover ,   municipal  
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appra isa l   records   which   should   have   been  a good secondary  source  of 

information were t o o   o u t d a t e d   t o   b e   o f  any use. As a r e s u l t ,   a s s e s s e d  

va lues  were exc luded   f rom  the   ana lys i s .   S t a t i s t i c s  on cons t ruc t ion  

materials were found   t o   be  most e f f ec t ive ly   ga the red   du r i , ng   t he   i nven to ry  

of damage p o t e n t i a l  and were t h e r e f o r e   r e d u n d a n t   i n   t h e  main  body  of t h e  

ques t ionna i r e .  

3. THE FIELD SURVEY 

. 

Afte r  a l l  i n d u s t r i e s  on the   f l oodp la in   had   been   i den t i f i ed   f rom 

l i s t i n g s   i n   a s s e s s m e n t   r o l l s ,  from a i r  photos   and   by   f ie ld   reconnaissance ,  

t h e   f i e l d   s u r v e y   o f   i n d u s t r i a l   e s t a b l i s h m e n t s   p r o c e e d e d   i n  two s t a g e s .  

The ques t ionna i r e  was d e l i v e r e d   i n   t h e   f i r s t ;   a n   i n v e n t o r y  of d i r e c t  damages 

was t a k e n   i n   t h e   s e c o n d .  

I n i t i a l l y ,   t h e   r e s e a r c h e r s   a p p r o a c h e d  a f i r m   w i t h  a l e t te r  of 

introduct ion  (Appendix B. 3 ) .  They arranged  an  appointment   with  the manage- 

ment to   expla in   the   requi rements   and   usefu lness   o f   the   ques t ionnai re   which  

t h e y   l e f t   w i t h   t h e   f i r m   t o   b e   r e t r i e v e d  a t  a la ter  da te .   In   t he   s econd  

s tage  they  took  an  inventory of p o t e n t i a l  damage t o   s t o c k  and  equipment 

wi th   t he   a s s i s t ance   o f   i n fo rmed   pe r sonne l .  

This   two-s tage   approach   enabled   the   researchers   to   ob ta in   d i rec t  

damage estimates from  67%  of  the  f irms  accounting  for  82% of t h e  

employees  on  the  f loodplain.  The r e sponse   t o   t he   ques t ionna i r e   po r t ion   o f  

the  survey w a s  s l i g h t l y   b e t t e r  a t  70% of t h e   i n d u s t r i e s   a n d  86% of t h e  

employees. This success  rate was a t t a i n e d   o n l y   a f t e r  companies t h a t  had 

f a i l e d   t o   r e t u r n   t h e   f i r s t   q u e s t i o n n a i r e  had  been  sent a revised  and con- 

densed  version  (Appendix B. 4 )  .- 91 

~ ~ ~ ~~ ~ ~~~~~ ~ ~~~~ 

8/ 45 o f   t h e  268 f loodp la in  firms contacted were rea l ly   wholesa le   and  
service t rades   mis takenly   assessed  as i n d u s t r i e s   i n   t h e   d i r e c t  
damage survey  (Appendix B. 5 ) .  

~~ 

- 

- 9 /  Damage estimate f o r  Kamloops,  Quesnel,  and  Prince  George were based 
l a r g e l y  on i n f o r m a t i o n   c o l l e c t e d   i n   t h e  Lower Fraser .  Only a few 
ma jo r   i ndus t r i a l   e s t ab l i shmen t s  were a c t u a l l y   i n t e r v i e w e d   t o   o b t a i n  
da ta   on   p r imary   and   secondary   indus t r ia l   losses   in   these  areas. 
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4 .  INVEfJTORY OF DIRECT DAMAGES 

The o b j e c t i v e   o f   t h e   f i e l d   s u r v e y  of d i r e c t  damages was t o   r e c o r d  

a l l  s i g n i f i c a n t   p o t e n t i a l   f l o o d - i n d u c e d   i n d u s t r i a l   p r o p e r t y   l o s s e s   o r   t h e  

cos ts   o f   avoid ing   these   losses .   In   a lmost   every  case, t h e   l o s s e s  were 

c o u n t e d   e i t h e r  as t h e   c o s t  of r e p a i r i n g  damaged equipment o r  as t h e  

deprec ia ted   va lue  of that  equipment , whichever was less. 

I n i t i a l l y ,   p o t e n t i a l  damages and repair  cos ts   o f   s tandard  

equipment ,   furni ture   and  s t ructures  were l i s t e d   i n  an  index similar t o  

t h e  one  used i n   t h e  commercial  survey. This index   inc luded  items such as 

c o s t s  of rewinding   motors   and   rep lac ing   or   repa i r ing  windows , doors  and 

furn i ture .   Deprec ia t ion  rates were n o t   a p p l i e d   t o   s t r u c t u r a l  items such 

as doors  and  windows.  Instead,  their   replacement  values were e q u a t e d   t o  

the   cos t s   o f   t yp ica l  modern s t r u c t u r a l   f u r n i s h i n g s .  

Uni t   cos t s  were l i s t e d   i n  a form t h a t   c o u l d   b e   u s e d   i n   t h e   f i e l d .  

F o r  example,   the  costs  of  rewinding  or  replacing  motors were a s soc ia t ed  

with  motors  of  various  horsepower  and R P M ,  t he   cos t s   o f   r ep lac ing  windows 

were recorded as do l l a r s   pe r   squa re   foo t   o f  window area, and  the  value of 

cha i r s   ( a long   w i th   dep rec i a t ion   r a t e s )  were indexed  by  type. Thus t he  

in te rv iewers  were provided  with a "rule-of-thumb  guide" t o   c o s t s   t h a t  

cou ld   be   u sed   t o  estimate damages t o  goods common t o  most i n d u s t r i e s  and 

t o   f i l l  gaps in   i n fo rma t ion   t ha t   f i rms  were unable   to   p rovide .  

Because some i n d u s t r i e s   c h o s e   n o t   t o   p a r t i c i p a t e   i n   t h e   s t u d y ,  

t h e i r   p o t e n t i a l  damages had  to   be  es t imated  f rom  other   data .   Wherever  

p o s s i b l e ,   t h e s e  estimates were based on information  obtained  from  indus- 

tries of l i k e   f u n c t i o n  and s i z e .  However, i f  no similar es tab l i shments  

had  been  surveyed, damages were computed  by using  average  unit-damage 

func t ions .  

These  average  unit-damage  functions were determined  for  several 

i n d u s t r i a l   g r o u p s   c l a s s i f i e d   a c c o r d i n g   t o   t h e   1 1 0   c a t e g o r i e s   d e f i n e d   i n  

The Input-Output  Structure  of  the  Canadian Economy  (D.B.S. , 1968: V.2)-. 

Fie ld   su rvey   da t a  were used t o   c a l c u l a t e   t h r e e   d i f f e r e n t   f u n c t i o n s .   T h e s e  

were : 1 )  damage per  employee, 2)  damage p e r   a c r e  o f   l and   i n  use and 

3) d q a g e   p e r   s q u a r e   f o o t   o f   p l a n t  area. 

10 / 

- 10/  A l ist  o f   t hese   i ndus t r i e s  i s  p r e s e n t e d   i n  Appendix B . 5  
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Unit-damages were sometimes d i f f i c u l t   t o  estimate because damages 

had   no t   been   recorded   over   the  same range   of   f lood   depths   for  a l l  i n d u s t r i e s .  

For   ins tance ,  some i n d u s t r i e s  were expected  to   be  f looded  by  one  foot   of  

water and  others   by 10 f e e t   i n  a 26 foot   f lood .   Thus ,   for  some i n d u s t r i e s ,  

damages were as ses sed   fo r   on ly  1 foo t   o f   f l ood ing   wh i l e   fo r   o the r s ,   t hey  

were es t imated   for   every   foo t   o f   f looding   be tween 1 and 10 feet .   Another  

problem w a s  t h a t   i n d u s t r i e s   l o c a t e d  on s lopes   cou ld   no t   be   i nc luded   i n  

unit-damage estimates because  of ten  only a p o r t i o n  of the   p lan t   would   be  

s u b j e c t   t o   f l o o d i n g ;  depth-damage r e l a t i o n s h i p s  were meaningless   in   such  a 

lay-out .   These  i r regular i t ies ,   coupled  with  differences among p lan t   l ay -  

o u t s ,  made i t  e x t r e m e l y   d i f f i c u l t   t o   p r o v i d e   c o n s i s t e n t  estimates of damage 

t h a t   c o u l d   b e   a p p l i e d   t o   n o n - p a r t i c i p a t i n g   i n d u s t r i e s .   N e v e r t h e l e s s ,   t h e  

t a b l e s   i n  Appendix B.6 were cons t ruc ted   f rom  se lec ted  statist ics t o   r e p r e s -  

e n t   " t y p i c a l "   i n d u s t r i e s   i n  several impor tan t   ca tegor ies .  

5. ESTIMATING TOTAL DIRECT INDUSTRIAL  DAMAGES 

T o t a l   d i r e c t   i n d u s t r i a l  damages were c a l c u l a t e d   f o r   v a r i o u s   f l o o d  

l e v e l s   f o r   e a c h  dyked  and  undyked area by summing t h e  damages e s t i m a t e d   f o r  

i n d i v i d u a l   f i r m s  (Appendix H.3). Damages t o   i n d i v i d u a l   f i r m s   i n  a given 

f lood  were determined  by  combining  depth-of-flooding  information  with 

s tage-damage  data   gathered  in   the  f ie ld   survey.  The depth of f looding  w a s  

e s t i m a t e d   f o r   e a c h   p l a n t  by  comparing f l o o r   e l e v a t i o n s   w i t h  water s u r f a c e  

contours .- 11/ 

SUMMARY 

Primary  direct   commercial   and  industr ia l   f lood damages are 

damages i n f l i c t e d  on t h e   s t r u c t u r e s ,   c o n t e n t s  and  property of e s t a b l i s h -  

ments l o c a t e d  on a f l o o d p l a i n .   I n  many areas they are t h e  most  important 

s o u r c e   o f   p o t e n t i a l   f l o o d   l o s s e s ,   b u t   i n   t h e   F r a s e r   V a l l e y   t h e y   r a n k  

- 11/ The water contours  were taken  from  the same 1:25,000 maps t h a t  were 
used i n   t h e   r e s i d e n t i a l  and  commercial damage surveys  and  prepared  by 
the  Engineering  Division,  Department of the  Environment. The eleva- 
t i o n s  of t he   bu i ld ings  were e s t a b l i s h e d  by surveyors  who r e l a t e d  them 
t o  benchmarks i n   t h e  area. 
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second  to   res ident ia l ,   compr is ing   about  1 7 %  of t h e   t o t a l  damage p o t e n t i a l  

(Appendix H. 9 ) .  

The most sa l ien t   fea ture   about   p r imary   d i rec t   commerc ia l   and  

i n d u s t r i a l   f l o o d  damages is' t h e i r   . d i v e r s i t y .   T h i s   f e a t u r e  makes pred ic-  

t i o n s  of l o s s e s   i n  a genera l ized  model d i f f i c u l t  and   has   l ed   to  a wide 

r ange   o f   r e su l t s   i n   pas t   ana lyses .  

I n  the present  study,  commercial  ac t iv i t ies  were grouped  into 20 

ca t egor i e s .  A 7% sample of f l o o d p l a i n   a c t i v i t i e s  was taken  to   determine 

the   average  damage tha t   es tab l i shments   fa l l ing   wi th in   each   ca tegory   would  

s u f f e r  when sub jec t ed   t o   g iven   dep ths  of  f looding. The average damage p e r  

square   foo t  of f l o o r  area was ca l cu la t ed   fo r   each   ca t egory  and a p p l i e d   t o  

a l l  f i r m s   w i t h i n   t h e   f l o o d p l a i n   t o   o b t a i n   t h e   t o t a l   c o m m e r c i a l   d i r e c t   f l o o d  

damage f o r   s e l e c t e d   f l o o d   l e v e l s .  

I n   t h e   c a s e   o f   i n d u s t r i a l  damages, a l l  i n d u s t r i e s  on the  f lood-  

p l a i n  were contacted  and an inventory of p o t e n t i a l  damage was t a k e n   t o  

p r o v i d e   t h e   b a s i s   f o r   e s t i m a t i n g   t o t a l   d i r e c t   i n d u s t r i a l  damages i n   s e l e c -  

t ed   f l oods .  

CONCLUSION 

The inaccurac i e s  of the procedures   used  in   the  present   analysis  

t o  estimate commercial  and i n d u s t r i a l  damages have   been   s t ressed   f requent ly .  

They have  been  emphasized to   impress  upon t h e   r e a d e r   t h a t   t h e   r e s u l t i n g  

"point1' estimates r e a l l y  are "best" estimates represent ing  a broad  range 

of damages tha t   cou ld   occu r   du r ing   spec i f i c   f l oods .  

I n   f u t u r e ,  more d e t a i l e d   s t u d i e s   m i g h t   y i e l d  more accu ra t e  

assessments  of damages in   t he   F rase r   Va l l ey .  A l a r g e r  number of  commercial 

es tabl ishments   could  be  examined  and  addi t ional   categories  formed. A 

meticulous  item-by-item  inventory of  a l l  conten ts   and   s t ruc tura l   charac-  

teristics of  i ndus t r i e s   cou ld   be   t aken .  But t h e   f i n a l  answer  would 

probably   no t   p rove   s ign i f icant ly  more r e l i a b l e   t h a n  the one   de r ived   i n  

t h i s   s t u d y .  
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Many u n c e r t a i n t i e s   i n h e r e n t   i n   f l o o d  damage estimates would 

remain.  Factors  such as the   p robable   e f fec ts   o f  water on materials and 

equipment ,   the   depreciated  and  salvage  values  of  goods,  and the  responses  

of   en t repreneurs   to   f loods   would  s t i l l  r equ i r e   specu la t ive , ,   sub jec t ive  

judgements.  Moreover,  the  host of l o c a l i z e d   f l o o d   c o n d i t i o n s   l i s t e d   i n  

Chapter 111 would  continue t o  de fy   p red ic t ion .  

When t h e   r e s u l t s  of t h i s   a n a l y s i s  are cons ide red   i n   t he   con tex t  

of these u n c e r t a i n t i e s ,   t h e y   a p p e a r   t o   b e  w e l l  wi th in   the   range   of   accuracy  

p o s s i b l e  i n  e s t i m a t i n g   f l o o d  damages. I n   f a c t ,  a more ex tens ive   survey  

and grea te r   expend i tu re s  on c o l l e c t i n g   d a t a   w o u l d   b e   v e r y   d i f f i c u l t   t o  

j u s t i f y .  
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CHAPTER V 

A G R I C U L T U W  FLOOD DAMAGE . 

. 

INTRODUCTION 

Floods  can  cause  severe damages t o   a g r i c u l t u r a l   o p e r a t i o n s  on a 
0 

f loodplain.   These damages  can include  crop  and  equipment  losses,   reduc- 

t ions   in   the   p roduct ive   capac i ty   o f   l ives tock ,   p remature   s laughter ing   of  

pou l t ry ,   and   ex t r a   cos t s  of impor t ing   f eed   t o   r ep lace   t ha t   l o s t   du r ing  a 

f lood .  

S ince  most  of the b e s t   a g r i c u l t u r a l   l a n d   i n   t h e  Lower Mainland 

l i es  on t h e   f l o o d p l a i n ,  a major  f lood  could cause s i g n i f i c a n t   a g r i c u l t u r a l  

p r o d u c t i o n   l o s s e s   i n   B r i t i s h  Columbia. Because these   l o s ses   cou ld   be  sub- 

s t a n t i a l ,  an e r r o r   i n   e s t i m a t i n g  them  could   se r ious ly   a f fec t   the   p rec is ion  

of  an estimate of t o t a l   f l o o d  damages i n   t h e   V a l l e y .  This i s  e s p e c i a l l y  

t r u e   f o r  some dyking areas i n  wh ich   t he   ag r i cu l tu ra l   s ec to r   accoun t s   fo r  as 

much as 30 o r  40% o f   t h e   t o t a l   f l o o d  damages. Therefore ,   accura te  assess- 

men t s   o f   ag r i cu l tu ra l   l o s ses  are impor t an t   i n  a s tudy   of   po ten t ia l  damages 

i n   t h e   F r a s e r   V a l l e y .  

Th i s   chap te r   desc r ibes   t he  methods  used t o   d e r i v e  estimates of 

p o t e n t i a l   a g r i c u l t u r a l  damages i n   t h e  Fraser .Basin.  Since p a s t  s t u d i e s  

of a g r i c u l t u r a l   l o s s e s  are fa i r ly   comprehens ive ,   the   cur ren t   ana lys i s  

draws heav i ly  upon them.  The Fraser  River  Flood  Control  Benefit   Study 

(Robertson,  1963) w a s  p a r t i c u l a r l y   u s e f u l   i n   s u p p l y i n g   b o t h   b a s i c   d a t a  

and  methods  of  analysis. Where 1963  data  were inadequate ,   market ing 

boards,   government  agronomists  and  individual  farmers were consu l t ed   fo r  

add i t iona l   i n fo rma t ion .  

ASSUMPTIONS 

Following the guidelines  of  the  1963  Benefit   Study  (Robertson, 

1963: App. A ,  H and J ) ,  i t  w a s  assumed t h a t .  (1) on  average,  f loods 

would  begin on June 1, (2) a l l  work  would  proceed  normally up t o  June 1, 

and (3) a l l  l i v e s t o c k   w o u l d   b e   s a f e l y   e v a c u a t e d   i n   t h e   e v e n t   o f  a f lood .  
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0 AGRICULTURAL  FLOOD DAMAGE AND INCOME LOSS 

1. CROP LOSS 

The  most appropr i a t e  way of  computing t o t a l   p o t e n t i a l   c r o p  
damages i n   v a r i o u s  f loods  i s  to   base  estimates on the  average lo s s  p e r  
acre .   Al though  researchers   could  ident i fy  and record damages t o  crops 
on i n d i v i d u a l   f a r m   p l o t s   i n  a f i e l d   s u r v e y ,   t h e s e   d a t a  would b e   u s e f u l  
o n l y   f o r  a s p e c i f i c   p o i n t   i n  time. By us ing   the   average  damage p e r   a c r e  
f o r  a g iven   f loodable  area, analysts   can  a l low  for   annual   changes i n  
pa t te rns   o f   l and   use   wi thout   p lac ing   excess ive   weight  on e x i s t i n g   p a t t e r n s .  
They a l so   can   ga the r  and s y n t h e s i z e   d a t a  more rap id ly   than  would o therwise  
be   poss ib le .   For   these   reasons ,  in the   p resent   s tudy ,   the   weighted  
average damage p e r   a c r e   o f   a g r i c u l t u r a l   l a n d  was determined  for   each  dyking 
area and  used as a b a s i s   f o r   e s t i m a t i n g   t o t a l   p o t e n t i a l  damages dur ing  
d i f f e r e n t   f l o o d s .  

a. Crop Damage Categories  

Before   average   losses   per   acre   could   be   ca lcu la ted   for  

s p e c i f i c   r e g i o n s ,  i t  was necessa ry   t o  estimate p o t e n t i a l  damages 

f o r   i n d i v i d u a l   c r o p s  o r  crop  groups. Where d a t a  were a v a i l a b l e ,  

damages were computed f o r   i n d i v i d u a l   c r o p s  which  had d i s t i n c t  produc- 

t i o n   f u n c t i o n s .  Damages were e s t i m a t e d   f o r   o a t s   f o r   h a y ,   c o r n   f o r  

ens i l age ,   s t r awber r i e s ,   r a spbe r r i e s ,   hops  and vege tab le s  (Appendix 

C.l). However, s epa ra t e  damages were not   ca lcu la ted   for   every   c rop  

type.  Where d a t a  were inadequate  or  where  crops were expec ted   t o  

s u f f e r  damages similar to   o the r   c rops ,   t hey  were grouped i n t o  

4 

c a t e g o r i e s   f o r  which   average   po ten t ia l   losses  were es t imated .  All 
cereal g r a i n s ,   f o r  example, were p laced   under   the   genera l   heading  

g ra ins" .   O the r   ca t egor i e s   i den t i f i ed  were tame hay  and  legumes, I t  

p a s t u r e ,  tree f r u i t ,   o t h e r  small f r u i t ,   n u r s e r y   p r o d u c t s ,  and  green- 

house  products  (Appendix C . l ) .  

b .  Crop Damage p e r  Acre 

Per  acre f l o o d   l o s s e s  were e s t ab l i shed   fo r   annua l   c rops  by 

t ak ing  the. a v e r a g e   g r o s s   r e t u r n   p e r   a c r e   f o r  each crop  and  subtract-  

ing  the  non-labour   costs  (i.e. machine time, g a s o l i n e ,   f e r t i l i z e r s ,  

i n s e c t i c i d e s ,  etc.)  avoided when ope ra t ions  are i n t e r r u p t e d  by 

i 
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f lood ing  (Appendix  C.1).   The  gross  return  per  acre is the income, 

i nc lud ing   r e tu rns   t o   l and ,  management, l abo r   and   cap i t a l ,   gene ra t ed  

by a f a rming   ope ra t ion .   I f  a f lood  completely  destroys a crop,  a 

farmer l o s e s  a l l  income a t t r i b u t a b l e   t o   t h a t   c r o p .  However, he w i l l  

no t   have   rea l ized  a l l  of  his  normal  annual  costs  of materials 

( f e r t i l i z e r s ,   s p r a y s ,   c o n t a i n e r s ,   s a c k s  and gasoline)  and  equipment 

(wear, r e p a i r s  and deprec i a t ion )   be fo re   t he   f l ood   occu r s .   The re fo re ,  

h i s   t o t a l  loss i s  less than  his   normal   annual  income  by t h e   s i z e  of 

the e x p e n d i t u r e   h e   f a i l s   t o   i n c u r .  

It w a s  more d i f f i c u l t   t o   d e t e r m i n e   t h e  damage p e r  acre of 

perennial   crops  because  the  annual  income  needed t o  retire t h e   i n i t i a l  

e s t a b l i s h m e n t   c o s t   o v e r   t h e   l i f e  of t h e   p l a n t s   h a d   t o   b e   c a l c u l a t e d .  

P l a n t s ,  such as r a s p b e r r i e s ,   s t r a w b e r r i e s ,   p a s t u r e  and tree f r u i t s ,  

requi re   an   es tab l i shment   cos t   before   they   y ie ld   an   annual   re turn   over  

a s p e c i f i e d  number of   years .   This   cos t  i s  normally  amortized  over 

the  expected 'product ive  cycle   of   the  p l a n t s  a n d   s p e c i f i e d   i n   a n n u a l  

terms. Therefore ,  when a f i e l d  is f looded   and   perennia l   p lan ts  are 

des t royed ,   the  l o s s  per   acre   inc ludes   bo th   the   normal   g ross  income 

f o r   t h e   f l o o d   y e a r  and the   un re t i r ed   e s t ab l i shmen t   cos t .  

I d e a l l y ,   t h e   u n r e t i r e d   p o r t i o n  of t he   deb t   a s soc ia t ed   w i th  

the  f looded  crop  can  be  determined i f   t h e   a g e s  of a l l  crops are known. 

However, s i n c e   t h e s e   d a t a  were u n a v a i l a b l e   f o r   t h e  Fraser Va l l ey ,   t he  

l o s s  w a s  e s t ima ted   on   t he   bas i s  of the   assumpt ion   tha t  a l l  plants   would 

be  mid-way th rough   t he i r   p roduc t ive   cyc le  when flooded  (Appendix C . 1 ) .  

c .  Crop Mix by  Dyking District 

A g r i c u l t u r a l   d a t a   r e q u i r e d   t o  estimate t h e   r e l a t i v e  impor- 

tance   o f   each   c rop   or   c rop   group  wi th in   ind iv idua l   dyking  areas were 

ob ta ined   f rom  S ta t i s t i c s  Canada  and t h e   B r i t i s h  Columbia  Department 

of   Agricul ture .  S ta t i s t ics  Canada suppl ied   in format ion  on t h e  number 

of acres unde r   d i f f e ren t   c rops   i n  a l l  Enumeration Areas (E.A. 's) on 

the   f loodpla in .L/   S ince  S t a t i s t i c s  Canada d id   no t   p rov ide  an adequate 

breakdown  of a l l  crops  (eg.   vegetables were lumped toge ther ) ,   addi -  

t i o n a l   d a t a  were obta ined   f rom  the   Br i t i sh  Columbia  Department of 

Agr icu l ture .  

- 1/ Unpublished  data   col lected by t h e  Dominion  Bureau  of S t a t i s t i c s   f o r  
t h e  1966 Census of  Canada,  Agriculture. 
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The information  from the two sources   formed  the   bas i s   for  

d e s c r i b i n g   t h e   a g r i c u l t u r a l   c h a r a c t e r i s t i c s  of twenty   dyking   d i s t r ic t s  

l i s t e d   i n  Appendix C.2. The percentage  crop mix w i t h i n   e a c h   d i s t r i c t  

w a s  determined by d iv id ing  the acreage   under   ind iv idua l   c rops  by t h e  

t o t a l   a g r i c u l t u r a l   a c r e a g e  i n  each area (Appendix C.2). 

d.  Average Crop Loss p e r  Acre by  Dyking District 

To determine  the  weighted  average damage p e r  acre of 

a g r i c u l t u r a l   l a n d   i n   e a c h   d y k i n g  area, estimates of t h e  loss p e r  

acre fo r   spec i f i ed   c rop   t ypes  (Column 5 ,  Appendix C.1) were m u l t i p l i e d  

by the  percentage  of  farmland  occupied by these   c rops   in   each   of  

t h e s e  areas (Appendix  C.2). The r e s u l t i n g   v a l u e s  were summed t o  

o b t a i n  a weighted   average   for   each  area (last row,  Appendix C.2) .- 21 

e. Est imat ing Acres of   Floodable   Agricul tural  Land and  Total  Crop 

Damage 

Air photographs  (1969;   scale   1:6,000)   and  1966  Stat is t ics  

Canada d a t a  were u s e d   t o  estimate f loodable   acreage .  The accuracy  of 

t h e   S t a t i s t i c s  Canada d a t a  was checked  by  planimetering several E. A. 's 

o u t l i n e d   i n   t h e  a i r  photographs.   Since  differences  between  the two 

sources  were ins ign i f i can t ,   c ensus   da t a  were adopted  wherever  feas- 

i b l e .  However, i f  census  Enumeration Areas d i d   n o t  l i e  completely 

wi th in   f loodable   reg ions   o r   had   exper ienced   urban   deve lopment   a f te r  

1966,   the   agr icu l tura l   acreage   had   to   be   de te rmined   by   p lan imeter ing  

r e l evan t  areas. Once the   t o t a l   ac reage   f l oodab le   i n   each   dyk ing  

d i s t r i c t   h a d   b e e n   c a l c u l a t e d   f o r   d i f f e r e n t   f l o o d   l e v e l s ,  i t  was mul- 

t i p l i e d  by   the   appropr ia te  estimate of damage p e r  acre t o   d e r i v e  the 

t o t a l   p o t e n t i a l   c r o p  damage during  various  f loods  (Appendix  H.2).  

2. LIVESTOCK LOSSES 

a. Dairy  Production 

Although i t  was assumed t h a t  a l l  da i ry  cows would  be evac- 

ua ted   sa fe ly   f rom  f loodable  areas i n   t h e   e v e n t  of a f lood ,  i t  w a s  

- 2/  A sample of the process  i s  i l l u s t r a t e d   i n  Appendix C.3 .  

6 
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. 

recognized tha t   the i r  evacuation  would cause a s u b s t a n t i a l   r e d u c t i o n  

in   milk  product ion.   This   reduct ion  would arise as a r e s u l t  of  reloca- 

t ion  problems  including  changes  in   the cows' d a i l y   r o u t i n e ,   e r r a t i c  

and  perhaps  reduced  feeding,  crowded  conditions , and l a c k  of mi lk ing  

f a c i l i t i e s .  

I n  1 9 6 3 ,   o f f i c i a l s   o f   t h e   B r i t i s h  Columbia  Department  of 

Agr i cu l tu re   e s t ima ted  that  evacuated cows would  lose 22 .2  pounds  of 

mi lk   pe r  day (Robertson,  1963:  Appendix J). To o b t a i n   t h e   t o t a l  

l o s s  p e r  cow, the 1963  Benefit  Study  combined  this estimate wi th   t he  

assumpt ion   tha t   losses   would   occur   for  45 days. 

A l though   da i ry   spec ia l i s t s   (Br i t i sh  Columbia  Department  of 

Agr i cu l tu re  , 1971)   confirmed  the  1963  conclusion  that   milk  product ion 

would   be   negl ig ib le   dur ing   the   f lood   per iod ,   cur ren t  estimates of 

mi lk   l o s ses   d i f f e r   f rom  those   o f   1963   i n   s eve ra l   ways .   F i r s t ,  the 

average dai ly   product ion p e r  milk cow i n   t h e  lower Fraser has   r i s en  

by  one  third,?' s o  tha t   t he   po ten t i a l   da i ly   f l ood- induced  loss is  now 

33  pounds  per cow. Moreover, the  weighted  average  pr ice   of   bulk  milk 

p a i d  to producers i s  $6.10 per  hundred  pounds  (1971) .A' F i n a l l y ,  

p r e s e n t   e s t i m a t e d   l o s s e s  are based  on the assumption tha t  cows would 

be  re located  whenever   farm  bui ldings were inundated  and  would  produce 

no  milk  during  the  f lood  per iod  (Appendix E.  3) and f o r  30 days 

t h e r e a f t e r .  

\ 

Records  of   the   Bri t ish Columbia  Department  of  Agriculture, 

Dairy B r a n c h ,  p rov ided   t he   i n fo rma t ion   r equ i r ed   t o  estimate t h e  number 

of cows t o  be  evacuated  from  each  f loodable area. By combining th i s  

informat ion   wi th   ca lcu la t ions  of t h e  loss p e r  cow, t h e   t o t a l   v a l u e   o f  

mi lk   l o s ses  was de r ived  (Appendix H . 5 ) .  

b.  Beef Cattle Product ion  

The procedure  used t o  determine  losses  of beef   product ion 

in   t he   p re sen t   ana lys i s   c lo se ly   fo l lows   t ha t   o f   t he   1963   Bene f i t   S tudy  

- 3/ Average  annual  production was r e p o r t e d   t o   b e  12,000 pounds p e r  cow i n  
1971  (personal  communication  with  Department  officials) .  

- 4 /  60% o f   t h e   m i l k   d e l i v e r e d   i n  the Fraser   Val ley  i s  Class 1, and 40% i s  
Class 3 .  
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(Robertson,  1963:  Appendix J) .  As i n  1963, i t  w a s  assumed t h a t  

evacuated  beef  ca t t l e ,  wh i l e   absen t   f rom  the i r   no rma l . f eed ing  areas, 

would f a i l   t o   g a i n   1 . 5  pounds pe r   an ima l   pe r   day .   In   1971   p r i ces ,  

this is the   equ iva len t   o f  $0.48 per   head   pe r  day.- 5 /  The t o t a l   l o s s  

p e r   a n i m a l   f o r   s p e c i f i e d   f l o o d   l e v e l s  w a s  assumed t o   b e  a d i r e c t  

func t ion   o f   t he   du ra t ion  of flooding  (Appendix E . 3 )  p lus  a two week 

a l lowance   for   bo th   the  movement of s t o c k  and the   pos t - f lood   prepara-  

t i o n  of f i e l d s .  To d e t e r m i n e   t h e   t o t a l  loss by dyking area, t h e  

est imated  6 ,000  head  of   beef  c a t t l e  on t h e  Lower Fraser f loodp la in  

were a l l o c a t e d  among dyking areas accord ing   t o   t he   p ropor t ion  of 

cu l t i va t ed   ac reage   i n   each  (Appendix H . 5 ) .  

6 /  

c. Hog Product ion 

Based on the  f indings  of   the  1963  Benefi t   Study  (Robertson,  

1963:  Appendix J ) ,  i t  w a s  assumed t h a t  hogs  would f a i l   t o   g a i n   w e i g h t  

only when they were be ing   t r anspor t ed   t o   and  from t h e i r  farms  and  not 

du r ing   t he   en t i r e   f l ood   pe r iod .   The re fo re ,   t he   l o s s   pe r  hog  during 

a flood  would  be  only 1 7  pounds  valued a t  $0.30 p e r  pound i n  19 7 1  

(Canada  Department  of  Agriculture,   Livestock  Division).  

The B r i t i s h  Columbia  Department  of Agr icu l ture ,   L ives tock  

Branch,   provided  accurate   data  on t h e  number of hogs i n  each  dyking 

d i s t r i c t ,   T h i s   i n f o r m a t i o n  w a s  combined wi th   the   es t imated  loss p e r  

hog t o   d e t e r m i n e   t o t a l   p o t e n t i a l  damages by dyking area (Appendix H.5 ) .  

3 .  POULTRY  LOSSES 

While the  1963  Benefit   Study  (Robertson,  1963)  proved a va luab le  

p o i n t   o f   d e p a r t u r e   f o r   e s t a b l i s h i n g   p o u l t r y   l o s s e s ,   t h e  methods  used  and 

t h e   r e s u l t s   o b t a i n e d   i n   t h e   c u r r e n t   a n a l y s i s  are d i s t i n c t .  They are t h e  

p roduc t   o f   ex t ens ive   consu l t a t ion   w i th   o f f i c i a l s  of Marketing  Boards  and 

t h e   B r i t i s h  Columbia  Department  of  Agriculture. 

Two general   assumptions were adop ted   and   app l i ed   t o   t he   en t i r e  

pou l t ry   i ndus t ry .  The f i r s t  is tha t   h igh   cos t s   o f   t r anspor t a t ion   and  the 

- 51 Personal  communication, Canada  Department of Agr icu l ture ,   L ives tock  
Divis ion.  

- 6 /  Personal  communications, B.C. Department  of  Agriculture. 
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poss ib i l i ty   o f   d i sease   a r i s ing   f rom  excess ive   c rowding   would   p revent  any 

evacuat ion  of   poul t ry   f rom  f loodable  areas. The second is  tha t   a l though 

many b i r d s  would  be mere chick3 , t h e i r  loss shou1,d  be  measured as t h e  

va lue  of mature b i r d s  (less any   feed   cos ts   no t   incur red)   to   account   for  

t h e   u n r e t i r e d   p o r t i o n   o f  a farmer 's   investment  and  his l o s s  o f   an t i c ipa t ed  

income. 

. 

a. Broi le r   Product ion  

A flood  would  cause  only a p a r t i a l  loss of   the  income 

norma l ly   gene ra t ed   i n   b ro i l e r   and   f rye r   ope ra t ions .   S ince   b ro i l e r s  

r equ i r e   on ly  8 weeks to   reach   marke t   s ize ,   fa rmers   would   s laughter  

and sel l  a l l  b i r d s   o l d e r   t h a n  5 weeks. I n   t h i s  way, they  could 

recover   one-third  of  their  normal  gross  output (B.C. Department  of 

Agr i cu l tu re ) .   B i rds  less than  5 weeks o l d  would  be  too small t o  

sa lvage .  

Because  f loods  would  l ikely  affect   product ion  for   no more 

than  8 weeks i n  any area i n  the Fraser  System, i t  was assumed t h a t   t h e  

t o t a l  l o s s  i n  any  f lood  would  not  exceed two t h i r d s  of t he   va lue   o f  

b i r d s  on hand at t h e  t i m e  of   inundat ion.  The 1 9 7 1  va lue  of t h e  

los t   p roduct ion   would   be  $ 0 . 6 3  p e r   b i r d  (B. C. B r o i l e r  and  Fryer 

Marketing  Boards).   Total   losses  by  dyking area are presented  as 

p a r t  of  "Other  Agricultural  Damages'' i n  Appendix H. 5 .  

b. Egg Production 

Floods  would  ser iously  affect   egg  product ion on the flood- 

p la in .   S ince   hens   would   no t   l ay   dur ing   the   f lood   per iod   and   for  

about 8 weeks the rea f t e r , -   t he i r   evacua t ion   wou ld   be  uneconomic 

(B. C. Department  of  Agriculture,   Poultry  Branch).   Therefore i t  w a s  

assumed t h a t  a l l  hens   i n   t he   i nunda ted  areas w o u l d   b e   s e n t   t o   t h e  

slaughter  house.   Because  hens do no t   beg in   l ay ing  until they are 

s i x  months o l d  and   because   t he i r   ave rage   p roduc t ive   l i f e  is only 

one y e a r ,  i t  was e s t i m a t e d   t h a t  a fanner   would  lose  about   one  half  

7/ 

- 71 P o u l t r y   o f f i c i a l s  with the B.C.  Department  of  Agriculture  indicated 
that  l a y i n g  hens would go in to   mou l t ing   fo r  8 weeks following a 
r e l o c a t i o n .  
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of h i s   annua l   egg  production.!' Estimates o f   t h e   t o t a l   v a l u e   o f  

los t   egg   product ion  by  dyking area are shown i n  Appendix H.5. 

c. Turkey  Production 

Although i t  wou ld   no t   be   f eas ib l e   t o   evacua te   t u rkeys ,  

f l oods   wou ld   i n f l i c t   on ly  small l o s s e s  on turkey   producers   for  two 

r e a s o n s .   F i r s t ,   o n l y   p a r t  of the  normal   annual  income derived  from 

tu rkeys   wou ld   be   l o s t   i n  the event  of a f lood .  Even wi th  a two-month 

i n t e r r u p t i o n ,  the seasona l   na tu re  of the   tu rkey   indus t ry   g ives  

f a r m e r s   t h e   f l e x i b i l i t y   n e e d e d   t o   s a t i s f y  a l l  of the  Christmas  and 

probably   par t   o f   the   Thanksgiv ing   marke t  demands. Secondly ,   b i rds  

e leven  weeks and o lde r   cou ld   be   s l augh te red   and   pa r t   o f   t he i r   no rma l  

value  could  be  recovered.   For   these  reasons,  i t  was assumed t h a t  

on ly   th ree  months  of p roduc t ion   wou ld   be   l o s t .  

The t o t a l   l o s s  by  dyking area was computed  on t h e   b a s i s  of 

Marketing  Board  production statistics. The 1 9 7 1   u n i t   l o s s  w a s  

e s t i m a t e d   t o   b e  $2.90 and  $1.20 f o r   l a r g e  and small b i rds   r e spec -  

t i v e l y  .- 9 1  

4. EXTRA FEED  COSTS 

Flooding  would  destroy  s tored  feed  and  e l iminate  a l a r g e   p o r t i o n  

of Bri t ish  Columbia 's   fodder-producing  capaci ty ,   thereby  causing  substan-  

t i a l  i n c r e a s e s   i n   f e e d   c o s t s   i n   t h e   p r o v i n c e .   B e c a u s e  B.C .  Department  of 

A g r i c u l t u r e   o f f i c i a l s   f e l t   t h a t   i n u n d a t e d   f o d d e r   c r o p s   c o u l d   n o t   b e  re- 

p laced   wi th  new product ion  until t h e   y e a r   a f t e r  a f lood   had   occur red ,  it 

w a s  assumed tha t   l i ves tock   wou ld   have   t o   be   supp l i ed   w i th   f eed  from 

alternative sources   for   one  year .   Since  most   of   this   feed  would  be impor- 

ted  f rom  out-of-province areas, i ts  cos t   to   fa rmers   would   be   h igher   than  

normal,   Department  officialsg/  suggested  that   increased demand from 

f lood-s t r icken  areas would force   the   normal ly   h igh   pr ice   o f   impor ted  hay 

even  higher  by 25%. The re fo re ,   t he   add i t iona l   cos t  of f e e d  to   f a rmers  

w a s  e s t i m a t e d   t o   b e  $20 p e r   t o n   o f  hay  equivalents.  
5 

- 8/  1971  producer ' s   p r ices  were $9.50 p e r  case of 30 dozen (B.C. Egg 
Marketing  Board). 

- 9/   Producer ' s   p r ices   repor ted  by t h e  B.C. Turkey  Marketing  Board. 

- lO/Personal  communication. 
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Estimates of  f l oodab le   ag r i cu l tu ra l   ' a c reage  (Appendix C. 2) 

formed  the   bas i s   for   de te rmining   addi t iona l   feed   requi rements   tha t   would  

arise i n   t h e   e v e n t  of a f lood .  The t o t a l   e x t r a   c o s t   o f   f e e d  was computed 

by  combining the   acreage   under   var ious   c rops   in   each   dyking   d i s t r ic t ,   the  

p h y s i c a l   y i e l d s   p e r  acre of   fodder   crops  converted  to   hay  equivalents  

(Table 2 ) ,  and   t he   add i t iona l   cos t   pe r   t on  of  hay equiva len ts  ($20) t h a t  

would  be  incurred when f loodpla in   fodder  is destroyed.  

1 

TABLE 2 

ANNUAL "HAY EQUIVALENT" YIELDS OF VARIOUS FODDER CROPS 

(Tons/Acre) 

~~~ ~ ~ ~~ ~ - ~~ 

Crop Hay Equivalent  

Gra ins ,   Pas ture  3 tons  

Tame Hay, Legumes 4 tons 

Co m 

Rough P a s t u r e  

6 tons  

2 tons 

5. DAMAGE TO MILKING EQUIPMENT 

Damage to  milking  equipment w a s  determined by up-dating  the 

resu l t s   o f   the   1963  Benef i t   S tudy   (Rober t son ,   1963:  Appendix C) .  In  t h e  

1963  repor t ,  damage and   r ehab i l i t a t ion   cos t s   fo r   mi lk ing   equ ipmen t  were 

e s t i m a t e d   t o   b e  $15 per   mi lk ing  cow. This was based  on  the  assumption 

t h a t  damage would be  30% of the  capi ta l   cost   of   milking  equipment .  The 

1971  value  of damage, t h e r e f o r e ,  w a s  e s t i m a t e d   t o   b e  $20 p e r  cow.- 111 
This was combined w i t h   d a t a  on t h e  number of da i ry  cows (provided by B.C., 

Department   of   Agricul ture)   to   obtain  the  total  damage to   milking  equipment  

by  dyking d i s t r i c t .  
~~~~ 

111 This w a s  der ived by r a i s i n g   t h e   1 9 6 3   p r i c e  by  3% p e r  annum - 
(Appendix G. 6) . 
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6. LIVESTOCK EVACUATION COSTS 

Three genera l   assumpt ions   under l ie  the estimates of l i v e s t o c k  

e v a c u a t i o n   c o s t s   i n   t h i s   s t u d y .   F i r s t ,  a f l o o d  on t h e  Lower Fraser  would 

cause  the  complete   evacuat ion  of   l ivestock  f rom  inundated areas. Secondly,  

the  animals  would  be moved t o   t h e   n e a r e s t   s a f e  and a c c e s s i b l e  areas 

ava i l ab le .   Th i rd ly ,   an   equa l  number of producing  and  non-producing COWS 

would  have to   be   evacua ted .  

P robab le   un i t   cos t s  of  evacuation were taken   d i rec t ly   f rom  the  

report   "Flood  Control  Benefit   Study  of  Fraser  River.  B e l o w  Hope" (G.E. 

Crippen  and  Associates, 1972: Table F . 3 ) .  These c o s t s  were recorded as 

f o l l m s  : 

L i v e s   t o  ck Transportation  Cost P e r  Head 

Dairy Cattle $ 6.00 

Beef Cattle $ 1.60 

Hogs $ 1.00 

SUMMARY 

Since  most of t h e   b e s t   a g r i c u l t u r a l   l a n d   i n  the Lower Mainland 

lies on t h e   F r a s e r   f l o o d p l a i n ,  a ma jo r   f l ood   cou ld   cause   s ign i f i can t  

a g r i c u l t u r a l   p r o d u c t i o n  losses i n   B r i t i s h  Columbia. D i r e c t   a g r i c u l t u r a l  

l o s s e s   c o m p r i s e   1 6 %   o f   t h e   t o t a l   p o t e n t i a l   f l o o d  damage i n   t h e   F r a s e r  

Val ley ,   ranking   c lose   to   commerc ia l   and   indus t r ia l  damage i n   s i z e  

(Appendix H. 8). I 

Estimates of p o t e n t i a l   a g r i c u l t u r a l   l o s s e s  can b e  made r ap id ly  

and accu ra t e ly  on the  b a s i s  of gene ra l i zed  unit-damage  models.  Both t h e  

speed  and  the  precis ion  with  which estimates can  be made are c r u c i a l  

f e a t u r e s  of t h e  methods  used t o   c a l c u l a t e   a g r i c u l t u r a l   l o s s e s   i n   t h e  

Fraser   Val ley .  

In   t he   p re sen t   s tudy ,   t he   ave rage  damage p e r  acre of farmland 

was d e t e r m i n e d   f o r   i n d i v i d u a l   d y k i n g   d i s t r i c t s  by  combining d a t a  on the 

crop  mix i n   e a c h  area w i t h  estimates of t h e  damage l i k e l y   t o   b e   i n f l i c t e d  

on d i f f e r e n t   t y p e s  of  crops. The resu l t ing   weighted   average  w a s  then  

mul t ip l ied   by  the t o t a l   a c r e a g e   f l o o d a b l e   i n  each area dur ing   var ious   f loods  
t o   o b t a i n   t o t a l   c r o p  damage. 
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. 
T o t a l   1 i v e s t o c k . p r o d u c t i o n   l o s s e s  were der ived  mainly  f rom 

es t ima tes  of weight   losses  per a n i m a l   e s t a b l i s h e d   i n  the 1963  Benefi t  

Study  (Robertson,  1963). The 1963  f igures  were upda ted   t o   accoun t   fo r  

p r o d u c t i v i t y  and pr ice   changes.  

The B r i t i s h  Columbia  Department  of Agriculture,   and  Turkey, 

Bro i le r   and  Egg Marketing  Boards  contributed much towards  assessing 

p o t e n t i a l   p r o d u c t i o n   l o s s e s   i n  the pou l t ry   i ndus t ry .  

Extra c o s t s  of impor t ing   feed ,   repa i r ing  damaged milking  equip- 

ment and   evacua t ing   l i ves tock  were determined  on the b a s i s  of earlier 

r e p o r t s ,   a n d   w i t h   t h e   a s s i s t a n c e  of the B r i t i s h  Columbia  Department of 

Agr icu l ture .  

CONCLUSION 

The  methods  used i n   t h i s   s t u d y   t o  estimate a g r i c u l t u r a l  

damages are b e l i e v e d   t o   y i e l d   r e l i a b l e   r e s u l t s .  A g r e a t e r   e x p e n d i t u r e  

of time and   e labora t ion  of d e t a i l  would  have  dubious  benefits .  

The technique  devised  to   determine  crop damage a p p e a r s   t o   b e  

p a r t i c u l a r l y   e f f e c t i v e .  Crop  damage estimates are probably  very  accurate .  

A p p r a i s a l s   o f   o t h e r   p o t e n t i a l   a g r i c u l t u r a l  damages are more 

tenuous  because  they are dependent upon  numerous  assumptions.  However, 

un le s s  good h i s t o r i c a l   r e c o r d s  are a v a i l a b l e ,   t h e   a p p l i c a t i o n  of a l t e r n a t i v e  

methods  of ga ther ing   and   synthes iz ing   da ta  is un l ike ly   t o   p roduce   s ign i f -  

i c a n t l y   b e t t e r  estimates. 
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CHAPTER V I  

PERMANENT INCOME LOSSES  INFLICTED BY A FLOOD 

ON THE BRITISH COLUMBIA ECONOMY 

INTRODUCJXON 

Income l o s s e s   i n   f l o o d  damage s t u d i e s  are no rma l ly   c l a s s i f i ed  

as "primary" o r  "secondary". The former r e f e r s   t o   l o s s e s   i n c u r r e d   b y  

f l o o d p l a i n   a c t i v i t i e s   f o r c e d   t o   s h u t  d m  because of a f lood.  The l a t t e r  

inc ludes   l o s ses   bo rn  by non-f loodplain  f i rms  forced  to   reduce  product ion 

when a f lood   des t roys   t he i r   marke t s   o r   sou rces  of raw materials. 

This chapter  describes  the  methods  and  assumptions  used  to 

estimate primary  and  secondary  losses  in  the  present  study.  Because  the 

problem  of   ident i fy ing   such   losses  is complex, t h e   c h a p t e r   o u t l i n e s   t h e  

r a t iona le   unde r ly ing   t he   s e l ec t ion   o f   a s sumpt ions ,   r epor t s   t he   qua l i t a t ive  

responses  of  managers of f i r m s   t h a t   a s s i s t e d   t h e   a n a l y s t s ,   j u s t i f i e s   t h e  

methods  used to   de te rmine  estimates of losses, and ind ica t e s   t he   accu racy  

and s i g n i f i c a n c e  of t h e   r e s u l t s .  

THE REFERENT GROUP AND THE  ADMISSABILITY OF INCOME LOSSES 

The po in t  of  view  from  which  f lood-inflicted income l o s s e s  are 

assessed  is a cr i t ica l  f a c t o r   a f f e c t i n g   t h e   s i z e   o f   s u c h   l o s s e s .   S i n c e  

t h e   r e f e r e n t  group i n   t h i s   s t u d y  is B r i t i s h  Columbia,  only  the  income 

por t ion   o f   p roduc t ion   l o s ses   t ha t   can   ne i the r   be   de fe r r ed   no r   t r ans fe r r ed  

t o   p a r t i e s   w i t h i n   t h e   p r o v i n c e  i s  an  admissable  income loss. Product ion 

(and  income)  transfers  between two p a r t i e s   w i t h i n   t h e   p r o v i n c e   r e p r e s e n t  

r e d i s t r i b u t i o n s  of  income  and no t  net l o s s e s   t o  B.C. 

Mandatory  delays  and  transfers  of  production  can,  however, 

i n f l i c t  some c o s t s  on t h e  economy. One such  cost  is the h a r d s h i p   s u f f e r e d  

by those  whose  income is t r a n s f e r r e d   t o   o t h e r s   w i t h i n   t h e   p r o v i n c e ;   b u t  

because   t h i s   ha rdsh ip  is o f f - s e t  by t h e   b e n e f i t s   a c c r u i n g   t o   t h o s e   t o  

whom the income is t r a n s f e r r e d ,   n o  net loss   can  be  recorded.  The only 

c o s t s  of   product ion  delays  and  t ransfers   represent ing a real l o s s   t o   t h e  
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economy as a whole are f r i c t i o n a l   c o s t s . L /   I n   t h i s   s t u d y ,   t h e s e   c o s t s  

have   been   e s t ima ted   t o   be  2% o f   t h e   v a l u e   o f   t r a n s f e r r e d   o r   d e f e r r e d  

product ion (Kates , 1965 : 5 4 )  .- 21 

True  income  losses,   both  primary  and  secondary, are represented  

by r e t u r n s   t o   l a b o u r ,   l a n d   a n d   c a p i t a l   p e r m a n e n t l y   l o s t   t o   t h e   p r o v i n c e  

during a f lood.  They va ry   d i r ec t ly   w i th   t he   s i ze   o f   p roduc t ion   l o s ses  and 

are c o n f i n e d   a l m o s t   e n t i r e l y   t o   c e r t a i n   t y p e s  of i n d u s t r i e s .  They o r ig in -  

ate i n   f l o o d p l a i n   i n d u s t r i e s  whose p r o d u c t i v e   c a p a c i t i e s ,   m a r k e t s   o r  

raw material sources  are s o   i n f l e x i b l e   t h a t   B r i t i s h  Columbia es tab l i shments  

cannot  recoup  flood-induced  losses by de fe r r ing   p roduc t ion   o r  by t rans-  

f e r r i n g  i t  from  one  f i rm  to   another .  

The t r ade   s ec to r   wou ld   no t   r ea l i ze   t rue  income l o s s e s .  The 

disrupt ion  of   normal  sales of   wholesale ,  re ta i l  and s e r v i c e   t r a d e  

es tab l i shments   loca ted  on the   f loodpla in   would   no t   cons t i tu te  a n e t  l o s s  

t o  B r i t i s h  Columbia because  such sales can be  e i t h e r  deferred o r  trans- 

f e r r e d   t o  non-f loodpla in   f i rms .  

. 

BIASES IN 1NCC)ME LOSS ESTIMATES 

I n   t h e   p r e s e n t   s t u d y ,   t h r e e  upward b i a s e s   i n  estimates of  income 

losses   a rose   because   o f   da ta   l imi ta t ions .   These  limitations were r e l a t e d  

t o  problems in   de t e rmin ing   t he   fo re ign  component  of  income l o s s e s ,   t h e  

impor tance   o f   impor ts ,   and   the   po ten t ia l  of i n d u s t r i e s   t o   d e f e r   o r   t r a n s f e r  

d i s rupted   product ion .  

The f i r s t   b i a s  was in t roduced  when a l l  permanent  losses  of 

B r i t i s h  Columbia-based i n d u s t r i e s  were counted as income losses   even  

though  re turns   des t ined   for   ou t -of -province   inves tors   should   have   been  

s u b t r a c t e d  from the   to ta l .? ’   This   e r ror   could   have   been   cor rec ted  by 

- 

- 1/ F r i c t i o n a l   c o s t s   r e s u l t   b e c a u s e   t r a n s f e r s   i n   s p a c e   i n v o l v e   e x t r a  
t r a n s p o r t   c o s t s ,   a n d   t r a n s f e r s   i n  time (defer ra l s ) ,   increased   produc-  
t i on   cos  ts. 

- 2/  It was func t iona l ly   conven ien t   t o  assess t r a n s f e r   c o s t s  and  income 
losses  simultaneously  even  though  the  former are n o t   t r u e  income 
10s s es . 

- 3/ This is t rue   on ly   t o   t he   ex t en t   t ha t   d iv idends   pa id   t o   non- re s iden t s  
would   no t   normal ly   be   re - inves ted   in   Br i t i sh  Columbia. 
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conducting a complex  and cost ly   assessment   of   the   foreign component of 

income los ses .   Because   t he   r e su l t s  of  such  an  assessment  would  have 

been  tenuous  and  because  they  would  have  had  only a minor   e f f ec t  on t h e  

estimates of t o t a l   p o t e n t i a l   f l o o d  damage i n   t h e   b a s i n ,  this b i a s  w a s  

ignored.- 4 /  

The second  exaggeration i n  t h e  estimates of income l o s s e s  

arose  because  the  impact   of   import   leakages w a s  excluded  f rom  the  analysis  

o f   s econda ry   l o s ses .   In   t he   pub l i ca t ion  "The Input-Output   Structure  of 

the Canadian Economy, 1961" (D.B .S.  , 1968) ,   impact   t ab les  show t h a t   t h e  

income-gene ra t ing   capac i ty   o f   an   expend i tu re   o f   one   do l l a r   i n   f i na l  demand 

varies among i n d u s t r i e s  from $0.80 t o  $0.90 when allowances are made f o r  

import   leakages (D.B.S., 1968:  Table  16, V . 2 ) .  While n o t   d i r e c t l y  

a p p l i c a b l e   t o   t h e   B r i t i s h  Columbia  economy, th i s   i n fo rma t ion   does   i nd ica t e  

the  magnitude  of  the  import-component  of  f inal  demand. I f  i t  were 

re l evan t  a t  t h e   p r o v i n c i a l   l e v e l  i t  would  imply that ( o t h e r   t h i n g s   b e i n g  

e q u a l )   f o r   e v e r y  $1.00  of   product ion  permanent ly   lost   to   the  province 

when an   indus t ry  i s  f looded,  $0.80 t o  $0.90  would r e p r e s e n t   t h e   t o t d  

primary  and  secondary  income  loss.  Since  no  such  information w a s  

a v a i l a b l e   f o r  B.C. ,  however,  no  allowance  could  be made fo r   impor t  

' l eakages ;   ne t  income losses  have  been  overstated  accordingly.-  
51 

The t h i r d  upward b i a s   occu r red   because   t he   po ten t i a l  of some 

i n d u s t r i e s   t o   d e f e r   o r   t r a n s f e r   p r o d u c t i o n  w a s  unknown. Since i t  w a s  

p o s s i b l e   t o   i d e n t i f y   t h e   t r a n s f e r a b l e   a n d   d e f e r a b l e   p o r t i o n  of  primary 

lossee i n   t h e   f i e l d   s u r v e y  a l a r g e   p a r t  o f  t h i s   b i a s  w a s  e l imina ted .  

However, t h e   a b i l i t y  of i n d i r e c t l y   a f f e c t e d   i n d u s t r i e s   t o   f i n d  new 

markets  and  sources  of raw materials w a s  not   usual ly   determined so  t h a t  

some exaggeration  remained i n   t h e  estimates. 
~~ 

- 4 /  It should   a l so   be   no ted   tha t   there   might   be   an   in f lux   of   fore ign  
c a p i t a l   t o   r e p l a c e   i n d u s t r i a l   p r o p e r t y   d e s t r o y e d   i n  a f lood .   This  
would mean t h a t   i n d u s t r i a l   p r o p e r t y  damages have   been   overs ta ted   in  
Chapter I V  i n   t h e  same way t h a t  income losses   have   been   exaggera ted  
i n   t h e   p r e s e n t   c h a p t e r .  

- 5/ Fore ign   indus t r ies   supply ing   goods   to  B.C. f i rms   would   suf fe r   losses  
i n a d m i s s i b l e   i n  a n e t   b e n e f i t   s t u d y  of t h e  B.C. economy. Nevertheless  
t hese   l o s ses   wou ld   be  more than  s imple  t ransfers   because  they  would 
b e   f e l t   i n  Canada's  balance  of  payments  accounts. 

. 
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Because  of the   incomple te   da ta   base   and   in f la t ionary   b iases  

descr ibed  above,   several   assumptions were adop ted   t o   p rov ide   cons i s t en t ,  

bas i c   gu ide l ines   fo r   de t e r in in ing   l eg i t ima te  income losses.   Although, 

i n d i v i d u a l l y ,  some o f   t h e s e   a s s u m p t i o n s   e i t h e r   i n f l a t e   o r   d e f l a t e   p o t e n t i a l  

income los ses ,   t hey  were s e l e c t e d  as a whole t o   p r e s e n t  an a c c u r a t e   p i c t u r e  

of p o t e n t i a l   n e t  income l o s s e s   i n   B r i t i s h  ColumbTa. 

GENERAL ASSUMPTIONS GOVERNING THE IDENTIFICATION OF INCOME LOSSES 

Because of   the  danger   of   inf la t ing  secondary  damages,  i t  usua l ly  

w a s  assumed t h a t  income losses   would   be   incur red   on ly  by f loodp la in  

indus t r i e s   and  their immedia te   Br i t i sh  Columbia suppliers.  While  permanent 

p o t e n t i a l   l o s s e s  were s p e c i f i c a l l y   i d e n t i f i e d   f o r   f l o o d p l a i n   i n d u s t r i e s ,  

- a l l  lo s ses   o f   i npu t   i ndus t r i e s  were simply  accepted as being  permanent. 
- P o t e n t i a l   l o s s e s  of t h i r d  and  subsequent  round  industries were ignored. 

Normally, i t  w a s  assumed tha t   i ndus t r i e s   dependen t  upon flood- 

.-, p l a i n   f i r m s   f o r   t h e i r   i n p u t s  would n o t   s u f f e r  income l o s s e s .  This was 

cons idered   reasonable   because   f i rms   would   be   ab le   to   f ind   a l te rna t ive  

supp l i e r s   o f   i npu t s  more eas i ly   t han   marke t s   fo r   t he i r   ou tpu t s .  However, 

th i s   assumpt ion   proved   inva l id   for   the   da i ry ,   egg   process ing ,   and   f ru i t  

and  vegetable  processing  industries  in  the  lower  mainland.  Because  of 

t h e i r  heavy r e l i a n c e  on f l o o d p l a i n   a g r i c u l t u r a l   p r o d u c t i o n ,  these indus- 

tries would not  l i k e l y   b e   a b l e   t o   f i n d   s u b s t i t u t e   s o u r c e s   f o r  a l l  produce 

l o s t   i n  a m a j o r   f l o o d .   I f   t h e   n e c e s s a r y   a g r i c u l t u r a l   p r o d u c t s   c o u l d   n o t  

be   ob ta ined  from o t h e r  are&, food   p rocess ing   i ndus t r i e s  and t h e i r  

suppl iers   would  incur   s izeable   permanent  income l o s s e s .   I n   s u c h   c a s e s ,  

the   genera l   assumpt ion   tha t  income losses   in   forward   l inkages   would   be  

n e g l i g i b l e  was r e l axed   and   spec i f i c  losses were est imated.  
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ESTIMATING  PRIMARY I N C O W  LOSSES 

1. METHOD 

R e t u r n s   f r o m   q u e s t i o n n a i r e s   i s s u e d   i n   t h e   i n d u s t r i a l   s u r v e y  

(Appendix B.2) formed t h e   b a s i s   f o r   e s t i m a t i n g   p r i m a r y  income i o s s e s .  

Only 70% of the   surveyed   indus t r ies /   p rovided   usefu l   in format ion   about  

t h e   v a l u e   o f   t h e i r   o u t p u t   a n d   t h e i r   a b i l i t y   t o   d e f e r   o r   t r a n s f e r   p r o d u c t i o n .  

The income por t ion   of   th i s   p roduct ion   (va lue   added  by manufacturing) was 

determined  by  combining  survey  information  with  other   data   re la t ing numbers 

of  employees t o   o u t p u t   i n   v a r i o u s   i n d u s t r i e s . I ’   I n   t h i s  way, reasonable  

estimates of  production,  income  and  permanent  flood-induced  losses were 

ob ta ined   fo r   t he   f l oodp la in . -  8/ 

The t o t a l  time l o s t  by ea& indus t ry  as a r e s u l t  of a f lood  was 

c a l c u l a t e d  by  adding  an allowance f o r  clean-up t o   t h e  number  of  days 

dur ing   which   each   indus t ry   would   be   f looded   and   inaccess ib le .  It was 

est imated  that   f ive  to   ten  product ion  days  would  be  needed  for   c lean-up 

opera t ions .  The exac t  time requirement  would  depend upon the  depth  of 

f looding  above  the main f l o o r  and t h e   t y p e  of p l a n t .  

The per iod  during  which  industr ies   would  be  f looded  and 

i n a c c e s s i b l e  was assumed t o   b e  a func t ion  of t he   r i ve r   hydrograph  

(Appendix E.3) and  road  and  land  elevations.   Generally,  i t  w a s  assumed 

that   f looding  would  begin when t h e  river reached   the   conf idence   l eve ls  

of  dykes  and t h a t   i n d u s t r i e s  would  be  inoperable as long as they   or   major  

roads  remained  inundated.  This  general   assumption w a s  r e l a x e d   i n  areas 

of extreme t i d a l   i n f l u e n c e  (Richmond and   De l t a ) .   I n   t hese  areas, i t  was 

- 6/ .Account ing   for  86% of   t he  employment of the s i g n i f i c a n t l y   a f f e c t e d  
i n d u s t r i e s  on the   f l oodp la in .  

- 7/ The p r i n c i p a l   s o u r c e s  of t h e s e   d a t a  were: The Input-Output   Structure  
of the  Canadian Economy 1961:  Vol. 2 ,  Table  14 (D.B.S., 1969);  
Manufac tur ing   Indus t r ies   o f  Canada, Sec t ion  F, 1968 (D.B.S., 1971);  
and Key Bus iness   Ra t ios   i n  Canada (Dun and Brads t ree t ,   1968) .  

- 7/ The p r i n c i p a l   s o u r c e s  of t h e s e   d a t a  were: The Input-Output   Structure  
an  Economy 1961:  Vol. 2 ,  Table  14 (D.B.S., 1969);  

Manufac tur ing   Indus t r ies   o f  Canada, Sec t ion  F, 1968 (D.B.S., 1971);  

8/ All i n d u s t r i e s  were a s s e s s e d   i n d i v i d u a l l y .   T h e i r   a b i l i t i e s   t o   t r a n s f e r  
o r   d e f e r   p r o d u c t i o n  were e s t a b l i s h e d   o n   t h e   b a s i s  of t h e i r   p r o d u c t i o n  
c a p a c i t i e s ,   p r o d u c t s ,  and r e l a t ive   impor t ance   i n   t he   p rov ince .  
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assumed. t h a t  any breaches  that   might   occur   in   dykes  during  f loods  of  

less than  2 4  f e e t  would be   r epa i r ab le   du r ing  low t i d e   p e r i o d s  and t h a t  

f looding  would l a s t  a maximum of  ten  days.  . 

2 .  PRIMARY INCOME LOSSES - OVERVIEW 

The level of  accuracy of estimates of permanent  production  losses 

is unknown. According t o  most company of f ic ia l s ,91   such   losses   would  

depend  on  too many uncon t ro l l ab le  and e x t r a - p r o v i n c i a l   f a c t o r s   ( i n c l u d i n g  

na t iona l   economic   cond i t ions )   t o   be   r e l i ab ly   p red ic t ab le .  Many companies, 

whose  markets are l o c a l  and s p e c i a l i z e d ,   e x p e c t e d   t o   b e   a b l e   t o   d e f e r  a l l  

p r o d u c t i o n   l o s s e s   n o t   t r a n s f e r r e d   t o   o t h e r   B r i t i s h  Columbia f i rms .   Others ,  

whose l o c a l  sales can   eas i ly   be   rep laced  by imports (ea. meat packe r s ) ,  

b e l i e v e d   t h a t  any d i s rup t ion  would r e s u l t   i n  a complete l o s s  t o   t h e  

p r o v i n c e .   S t i l l   o t h e r s ,  whose products  compete in   wor ld   marke ts ,   thought  

tha t   unf i l led   ou t -of -province   o rders   would   be   t ransfer red   to   fore ign  

compe t i to r s   and   l o s t   t o   Br i t i sh  Columbia. 

I n   t h e   p r e s e n t   a n a l y s i s ,  many refinements  of estimates of t h e  

e f f ec t s   o f   f l ood ing  on product ion were made f o r   i n d i v i d u a l   f i r m s   w i t h i n  

each   b road   i ndus t r i a l  class. Some were based on responses  of  these  f irms 

and  others  were subjec t ive ly   de te rmined  by t h e   a n a l y s t s .   I n  a l l  i n s t a n c e s ,  

however, a h igh   degree   o f   subjec t iv i ty  was involved   and   the   resu l t ing  

"best  estimates'' of  primary  and  secondary  income  losses are simply  rough 

order-of-magnitude"  approximations  of  the  true  losses  (Appendix H.6 and I' 

H.7). 

3 .  PRIMAIiY INCOME LOSSES - SPECIFIC INDUSTRIAL GROUPS- 10 / 

a. Sawmills  and  Shake  and  Shingle Mills 

Resu l t s   o f   t he   i ndus t r i a l   su rvey   i nd ica t ed   t ha t   i f  a l l  

vu lnerable  Lower Fraser  lumber mills were inundated  s imultaneously,  

an  average  of 55% of t h e i r   l o s t   p r o d u c t i o n  would be  permanent ly  

for fe i ted   to   ou t -of -province   f i rms .   There  are two r e a s o n s   f o r   t h i s  

- 9/ Personal   communicat ion,   f ie ld   survey.  

- 10/ Indus t r i a l   g roup ings  are l i s t e d   i n  Appendix B. 5. 
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l o s s   b e i n g   p e r m a n e n t .   F i r s t ,   t h e   i n t e r n a t i o n a l  lumber  market i s  s o  

compet i t ive   tha t   fore ign  sellers would  capture   most   orders   unfi l led 

hecause of   minor '   delays  of   Bri t ish Columbia shipments.  Secondl-y , 
s ince   f loodpla in   indus t r ies   p roduce   roughly   15   to  20% of t h e   c o a s t a l  

lumber,   and  since a f lood  would  occur   during  the  peak  product ion 

p e r i o d ,   u n a f f e c t e d   B r i t i s h  Columbia f i rms  would  not   l ikely  have  the 

capac i ty   to   compensa te   for   los t   p roduct ion   on   shor t   no t ice .  

Such ex tens ive   l o s ses   wou ld   be   sus t a ined   on ly   i f  a l l  dykes 

i n   t h e  Lower F r a s e r  were t o   f a i l ,   c a u s i n g   t h e   c o i n c i d e n t a l   i n u n d a t i o n  

of a l l  f loodp la in   l umber   i ndus t r i e s .  This event  i s  v e r y   l i k e l y   t o  

occur  when water levels   exceed 26 f e e t .  However,  when t h e  r iver 

peaks a t  levels much lower  than 26 f e e t ,   t h e r e  is l i t t l e  chance   tha t  

i t  w i l l  happen. 

3 

Because no i n f o r m a t i o n   e x i s t e d   f o r   e s t i m a t i n g   t h e   p r o b a b i l i t y  

o f   t o t a l   f l o o d i n g ,  two arbi t rary  assumptions  formed the b a s i s   f o r  

determining  permanent  income  losses i n   t h e  lumber indus t ry .  One 

assumption w a s  tha t ,   because   upgraded   dykes   in   the  Lower F rase r  would 

p r o v i d e   r e l i a b l e   p r o t e c t i o n   t o   t h e   % - f o o t  water l e v e l ,  no permanent 

product ion   losses   would   occur   in   f loods   o f  less than   th i s   magni tude .  

The o t h e r  w a s  that a l l  water l e v e l s  of 24 f e e t   a n d  more would cause 

permanent  losses of t h e  s i z e  i n d i c a t e d   i n   t h e   r e t u r n e d   q u e s t i o n n a i r e s .  

These assumpt ions ,   a l though  a rb i t ra ry ,   p rovided  a real is t ic  

f o u n d a t i o n   f o r   t h e  estimates of  income l o s s e s .  The f i r s t  w a s  

appropriate   because,   even i f  a dyke were t o   f a i l  a t  water l e v e l s  

below 2 4  f e e t ,  i t  would   be   p ro tec t ing   on ly  a small por t ion   o f  the to- 

t a l  coas t a l   l umber   i ndus t ry .   Br i t i sh  Columbia f i rms   could   therefore  

ad jus t   t he i r   i nven to r i e s   t o   compensa te  f o r  l o s t   p r o d u c t i o n  a t  no 

e x t r a   c o s t .  The second  assumption,   while   tending  to   exaggerate  

permanent l o s s e s ,  was also  reasonable   because  the  c losure of major 

producers on  Lulu  Island,  the  North Bank of t h e   F r a s e r ,   o r   i n   S u r r e y  

would  have a ser ious   impact  on B r i t i s h  Columbia's  lumber  industry. 

And the  losses   caused,  by t h e i r   c l o s u r e  would b e  enhanced  by t h e  

s imul taneous   d i s rupt ion  of product ion of smaller f i r m s   i n   o t h e r  

areas . 

a 
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b.   Paper  Box and Bau  Indus t ry  . .  

Retu rns   f rom  the , . i ndus t r i a l   su rvey   i nd ica t ed   t ha t   Br i t i sh  

Columbia  would suf fer   permanent ,   income.   losses   i f   .paper   box   and   bag  

i n d u s t r i e s  were f o r c e d   t o   h a l t   p r o d u c t i o n .  Three reasons were given 

f o r  the, l o s s e s .  1) B r i t i s h  Columbia's  major  paper  box  and.bag 

producers are l o c a t e d  on  Lulu I s l and .  2) M a r k e t s   f o r   t h e i r  

products  are t y p i c a l l y  of a "short-order demandl' . n a t u r e .  

3) Producers carry very l i t t l e  inventory.   Therefore ,  i t  was concluded 

t h a t  B.C. f i r m s   w o u l d   b e   u n a b l e   t o   f i l l   s A y  of the  immediate  excess 

market demands created  by a f lood-or ig ina ted   c losure  of manufacturers 

of  these  paper  products.-  11/ 

Determining   t imetoutage   for   th i s   indus t ry  was v e r y   d i f f i c u l t .  

Al though  plant   managers   s ta ted  that  any  damage t o   t h e i r   h i g h l y  

specialized  equipment  could mean cut-backs o r  shutdowns  of s i x  months 

or  more,   they also ag reed   t ha t   t hey   migh t   c l ean   and   u t i l i ze  damaged 

machinery  on a temporary  basis .   Furthermore,  i t  w a s '  found  tha t   on ly  

one  major  producer was l i k e l y   t o   s u f f e r   s e r i o u s   f l o o d i n g .   T h e r e f o r e ,  

a l though   t he re  was a danger   of   underest imat , ing  losses ,  i t  was assumed 

that   the   paper   box  and  bag  industry  would  require   only 10 product ion  

days f o r   c l e a n i n g  up and  making r epa i r s   once   f l ood  waters receded. 

c. Plywood Manufacturers 

, .  

All Lower F rase r  plywoo'd manufac turers   po ten t ia l ly  

affected  by  f looding  c la imed  that   most   'product ion  losses   could  be 

either d e f e r r e d   o r   t r a n s f e r r e d   t o  B.  C. f i rms.  They sugges t ed   t ha t  

the   on ly   poss ib le   p roblem  would   be   a . loss   o f   fore ign   marke ts .  

Thei r  estimates of  permanent  losses  to  out-of-province  f irms,  which 

ranged  from 0 t o   1 0 %   o f   t h e   v a l u e  of the.   product ion  prevented  during 

a f l o o d ,  were adopted i n   t h i s   s t u d y .  

The t o t a l  t ime-outage   an t ic ipa ted   for   these   f i rms  w a s  

e s t a b l i s h e d  by  combining the  expected number of  days  of  inundation 

w i t h  the s t anda rd  5 t o  10-day clean-up  allowance. As i n   t h e  case 

of  paper  products  manufacturers,  the  shut-dawn  period  of  plywood- 

- 11/. Some companies i n d i c a t e d  that  t h e i r   d i v e r s i f i c a t i o n ,   w o u l d   e n a b l e  
them t o   d e f e r  a por t ion   o f   the i r   g ross   p roduct ion   losses .   These  
anomalies were accounted   for  when l o s s e s  were be ing   es t imated .  
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producers may have  been  underestimated. However, sin'ce  no  plywood 

plants  would  undergo more than  a f o o t   o r  two .of f looding ,   no  

addi t iona l   a l lowance  w a s  made f o r  clean-up time. I 

d. Meat and   F ish   Process ing   P lan ts  
i) 

Managers of m e i t  processing p l an t s  s t a t e d  that  imported 

meat would  immediately f i l l  any market vo , ids   ' c rea ted 'by   de lays  i n  

shipments  induced  by  production  set-backs . Consequently, i t  w a s  

assumed t h a t  all production  and  income  -(value  added)  losses 

i n f l i c t e d  by a f lood  on B r i t i s h  Columbia meat processors  would 

permanent. 

A f i e l d   s u r v e y  of f i s h   p r o c e s s i n g   p l a n t s  showed  most 

b e  

f a c t o r i e s   t o   b e   s u f f i c i e n t l y   e l e v a t e d   t o   e s c a p e   s e r i o u s   f l o o d i n g ,  

even  during  major   inundat ions.  Thus, i t  w a s  assumed t h a t  most 

producers ,   a l though  surrounded  by water, could   main ta in   fu l l   p roduc-  

t ion  because  they  would s t i l l  have access t o   t h e i r   w h a r v e s   d u r i n g .  a 

flood.-- 12/ Losses   of   the  few minor   p rocessors   tha t   would   ac tua l ly  

s u f f e r   s i g n i f i c a n t   f l o o d i n g  were a l so   d i scoun ted   because   t he i r  

p r o d u c t i o n   c o u l d   b e   t r a n s f e r r e d   t o   o t h e r   p l a n t s   i n   B r i t i s h  Columbia. 

e. F r u i t  and  Vegetable  Processors 

F r u i t  and  vegetable   processors   located on the f loodp la in  

would  have t o   s h u t  down t h e i r   o p e r a t i o n s   ' d u r i n g  a f lood .  However, 

even   Br i t i sh  Columbia  processors   not .   s i tuated on the   p la in   would  
. .  

su f fe r   p roduc t ion   l o s ses   because   t he i r   ' sou rces   o f  raw materials 

would  be  inundated.  Therefore,   primary income l o s s e s   i n f l i c t e d  on 

f l o o d p l a i n   f a c t o r i e s  were n o t   s p e c i f i c a l l y   i d e n t i f i e d .   I n s t e a d ,  

they were i n c l u d e d . i n  estimates o f   s econda ry   l o s ses   r e su l t i ng  from 

t h e   f l o o d i n g  of a g r i c u l t u r a l   l a n d .  

f .   O t h e r   I n d u s t r i e s  

No "typical"   income  losses   could  be  ascr ibed  to   other  

classes o f   f l o o d p l a i n   i n d u s t r i e s .  Even w i t h i n  classes such 'as * 

- 12/ I f   e l e c t r i c i t y  were cu t   o f f ,   t h i s   a s sumpt ion   wou ld  become i n v a l i d .  
However, because  June is a s l a c k  month, the f i s h   i n d u s t r y   c o u l d  
absorb the f i s h   s u p p l y   e v e n   i f  some f i rms were t o  l o s e   t h e i r  power. 
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"Sash  and Door and  Planing Mills", "Boat Building"  and "Metal 

Fabr ica t ing"   no   s tandard   por t ion  . .  o f  product ion   losses   could   be  

i d e n t i f i e d  as be ing   . pe rmanen t . .   The re fo re ,   i ndus t r i a l  managers  and 

t h e   f i e l d  team had t o  estimate lbss&s .by  examining  each  establish- 

ment i nd iv idua l ly .  . .  

0 

. SECONDARY 'INCOME LOSSES 

1. METHOD 

Many s o u r c e s   i n   a d d i t i o n   t o   d i r e c t   f i e l d   o b s e r v a t i o n s  were used 
. .  

i n  this s tudy   t o   de r ive   s econda ry   l o s ses .  Firms  accounting  for 66%  of 

t h e   t o t a l  employment of f l o o d a b l e   i n d u s t r i e s  - did  answer  questions  concern- 

ing  backward  l inkages ; t he i r   r e sponses ,  .reveal many of t h e i r   ' p u r c h a s e s  

and  out-of-province  sources of  materials. However, f ix&  of ten   repor ted  

on ly   t he i r   ma jo r   i npu t s ,   and   no t , .   t he i r   fu l l .   r ange   o f   pu rchases .   The re fo re ,  

g a p s   i n   f i e l d   s u r v e y   i n f o r m a t i o n   h a d   t o   b e - f i l l e d   w i t h   s i m u l a t e d   d a t a  

based upon i n d u s t r i a l ' c o e f f i c i e n t s   l i s t e d   i n .   T a b l e  1 4  of The Input-Output 

Structure   of   the   Canadian Economy - 1961 (D.B.S.,  1969:  Vo1.2). Once the 

da ta   base  w a s  complete, i t  was p o s s i b l e   t o   c a l c u l a t e   t h e  income l o s t  by 

- I .  

. .  

. ,  

. .  

non-f loodplain  es tabl ishments  as a r e s u l t   o f   t h e   f a i l u r e   o f   f l o o d p l a i n  

i n d u s t r i e s   t o  make purchases  from them.- ' 1-3/ 

a. Secondary  Effects   of   Agricul tural  Crop Damage 

(1) Backward Linkages - Durin.g. a f lood,   farmers   with  f looded 

f i e l d s  would make fewer  purchases .of  materials and equipment 

than  usual .  . In  ,Chapter V,  the   va lue   o f '   these   foregone  

purchases w a s  logical ly   deducted  f rom  the  gross   value  of  

f l oodab le   c rops   t o   ob ta in  estimates of p o t e n t i a l   p r i m a r y  

a g r i c u l t u r a l  damage. However,  such  reductions i n  demand 

- 13/ See  above,  "Estimating  Primary Income' Losses ,   Sect ion 1 - Method" 
fo r   gene ra l   t echn ique   - and   sou rces  of  data. 
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cannot  be  excluded  completely  from an ana lys i s   o f   f lood  damage 

because   they   cause   secondary   losses   in  the economy.- 14/ 

In the Fraser   Basin,   most   secondary  losses   or iginat ing 

i n   t h e   a g r i c u l t u r a l . s e c t o r  would r e su l t   f rom the flooding  of 

vege tab le   ac reage .   Manufac tu re r s   o f   f e r t i l i ze r s ,   i n sec t i c ides  , 
sacking,   cardboard  boxes  and wooden crates would b e   f o r c e d   t o  

r educe   t he i r   no rma l   p roduc t ion  levels because  f looded  vegetable  

farmers  would f a i l   t o  m a k e  t he i r   u sua l   pu rchases   o f  these goods. 

The income por t ion   of  th is  reduced   product ion   represents  the 

secondary   loss  a f l o o d   w o u l d   i n f l i c t   o n \   B r i t i s h  Columbia. 

I n  this s tudy ,   t he   s cope  of the i n v e s t i g a t i o n  of 

secondary   losses  was d i c t a t e d   l a r g e l y  by d a t a   c o n s t r a i n t s .  It was 

p o s s i b l e   t o  estimate the   l o s ses '   t ha t   bo th '   c a r ton   and  crate prod- 

uce r s   and   t he i r   supp l i e r s   wou ld   i ncu r  as a r e s u l t   o f  a reduct ion  

i n  demand f o r  their products .   This   could be done  because many 

car ton  and crate producers  are loca ted .  on the   f l oodp la in   and  

information  on their i n p u t s  w a s  o b t a i n e d   i n   t h e   f i e l d   s u r v e y .  

However, the impact  of a r e d u c t i o n   i n   p u r c h a s e s   o f   f e r t i l i z e r s ,  

i n sec t i c ides   and   s ack ing   cou ld   be   t r aced   back   on ly  as f a r  as the 

manufacturers  of  these  commodities. ' 

Because car ton  producers  are loca ted   on   t he   f l oodp la in ,  

they  would  suffer   pr imary income l o s s e s   f o r  20 days  during a 

f l o o d   i r r e s p e c t i v e   o f   t h e  s ta te  of demand f o r   t h e i r   p r o d u c t s .  

Therefore ,   adjustments   had  to   be  made. . in   the.est imates   of   second-  

ary l o s ses   such   p roduce r s   wou ld , su f fe r  as a ,  r e s u l t  of t he   f l ood ing  

of   vege tab le   acreage .  To accommodate t h e  &pact of the  primary 

lo s ses ,   on ly  80% of   t he   va lue  of  purchases  of  cartons  foregone 

by  ,vegetable   farmers  was incorpora ted   in to   computa t ions   o f  

secondary   losses .  The. remaining 20% had  a l ready  been  included 

i n   c a l c u l a t i o n s  of  primary  losses  of  producers.-  15 / 

- 14/ Even i f   fa rmers   .had   pre-ordered  materials , they  would  have  to   postpone 
us ing  them until t h e   y e a r   f o l l o w i n g  a flood. A t  that time, they  would 
f a i l   t o  m a k e  their normal  purchases  from the British Columbia producers 
and  thereby  affect  the economy's.output level. 

- 151 Car tons   fo r  the a g r i c u l t u r a l   s e c t o r  are manufac tured   for  6 months a 
year ,   the   peak   per iod   be ing   the  20 days  during  which a flood  would 
f o r c e   p r o d u c e r s   t o   s h u t  down their ope ra t ions .  
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(2) Forward  Linkages - Seven  of n ine   ma jo r   Br i t i sh  Columbia 

f r u i t  and  vegetable  canning  and  processing  f irms  reported that  
0 

they  would  suffer   severe   income losses i f - t h e i r . s o u r c e s   o f  small 

f r u i t s  and  vegetable  crops were des t royed 'by  a f lood .  They 

c l a imed   t ha t   t he   des t ruc t ion   o f   f l oodp la in   c rops ,   fo r   wh ich   no  

s u b s t i t u t e s  were .availab.le,  would  force them t o   r e d u c e   t h e i r  

t o t a l   p r o d u c t i o n  -by $11,366,000  (under  1971  conditions) .- 16 I 
Of this   total . ,   $3,190,000  would  consis t   of   income  of   the  f i rms 

and t h e i r  employees  and  $1,296,000.would  be  income l o s t  by 

B r i t i s Y  Columbia supp l i e r s   o f   t hese   f i r&   ( exc lud ing   f a rmers ) .  

Thus ,   the   to ta l   " forward   l inkage"  income loss   caused  by t h e  

inundation  of a l l  f l o o d p l a i n   . f r u i t  and  vegetable  acreage  would 

be  -about  $4,486,000  (or.$344  per. acre of land   under   re levant  

crop  types)  .- 1 7 1  

- 

(3 )  Alloca t ion  of Losses Among'Dyking A r e a s '  - Because d i f f e rences  

i n   t h e   t y p e s  of c rops   and   f lood   po ten t ia l  exis't among dyking 

d i s t r i c t s ,   t h e   o r i g i n s  of  backward  and  forward  .linkage  losses  had 

t o   b e   e s t a b l i s h e d .   F i r s t ,   t h e   a c r e a g e   o c c u p i e d   b y   c r o p s  whose 

des t ruc t ion   would   induce   these   losses  w a s  de te rmined   for   each  

dyking   d i s t r ic t .   Secondly ,  . t h e s e   c a l c u l a t i o n s  were combined 

w i t h  estimates of   backward   l inkage   losses   for   ind iv idua l   c rop   types  

t o  compute t h e   t o t a l  b a c k w a r d   l i n k a g e   l o s s   f o r   e a c h   d i s t r i c t .  

. .  

Thirdly,   because  the  forward  l inkage.   loss  w a s  i n i t i a l l y   e s t i m a t e d  

o n l y   f o r   B r i t i s h  Columbia as a whole, i t .  was d iv ided  among dyking 

areas a c c o r d i n g   t o   t h e   r e l a t i v e  number of acres of per t inent   c rops  

i n  each.  Fourthly,   the  forward  and  backward  l inkage  losses were 

summed and   used   to   ca lcu la te   the   average  l o s s  p e r  acre of  farm- 

land  for   each  dyking . .  d i s t r i c t . ,   F i n a l l y ,   t h e   a v e r a g e  loss  p e r  

acre was mul t ip l i ed   by   t he   t o t a l   ac reage   i nunda ted   du r ing   f l oods  

of   different   magni tudes  to   determine  total   secondary  losses   for  

. .  

. .  . .  . 

- 161  Information is based on r e sponses   t o  letters m a i l e d   t o   t h e  companies 
(Appendix  D.2). 

- 17/  The f loodpla in   conta ins   13 ,042  acres o f   vege tab le s   and   f ru i t s   t ha t  
could   be   used   in   the   p rocess ing   indus t ry .  
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each area (Appendix H. 7) .- 181 

b.  Egg P rocess ing  ' 

Almost a l l  eggs  produced i n  the lower mainland are 

bought by wholesa le rs   d i rec t ly   f rom  fa rmers .   Wholesa le rs   g rade ,  

crate, t r a n s p o r t  and sel l  these  eggs,   adding  between $.06 and 

$.08 p e r  dozen t o  the fa rm  ga t e   p r i ce  (Egg Marketing  Board, 

1971).  Of this mark-up, $.04 t o '  $.06 r ep resen t s  income earned 

by the f i rms  and  their   employees.  

Because wholesalers   can  import   eggs  to  f i l l   l o c a l   s h o r t -  

ages ,  a f lood  that reduces  local   product ion  would  cause  only 

income l o s s e s  a t  g r a d i n g   s t a t i o n s   a n d   e x t r a   f r e i g h t  and  handling 

cos ts .   S ince   these   losses   compr ise   an  unknown p o r t i o n  of t h e  

normal mark-up, i n  this ana lys i s ,   s econda ry   l o s ses   a s soc ia t ed  

w i t h  a r educ t ion   i n   t he   l oca l   egg   supp ly  were simply assumed 

t o   b e  $.03 p e r  dozen. 

c. Dai ry ing  

Any f l o o d   i n  the Frase r   Bas in   t ha t   p reven t s   da i ry  

farmers  from  producing m i l k  would i n f l i c t   s e c o n d a r y   l o s s e s  on 

mi lk   p rocessors .   In te rv iews   ,wi th   managers   o f   major   Br i t i sh  

Columbia da i r i e s   r evea led   t ha t   mi lk   p rocesso r s   gene ra t e  

( d i r e c t l y )  8.40 of  income for   every  '$1.00  of   crude milk they 

p u r c h a s e .   I n   t h i s   s t u d y ,  i t  w a s  assumed t h a t   t h e   e n t i r e  

$.40 would  rep,resent   the  secondary  loss   induced  by a temporary 

d is rupt ion   of   c rude  m i l k  shipments.  .On t h i s '   b a s i s ,  i t  w a s  

e s t i m a t e d   t h a t   s e c o n d a r y   l o s s e s ' w o u l d   b e   d i r e c t l y   p r o p o r t i o n a l  

to   pr imary  losses   incurred  by  f looded  farms  and  would amount 

t o  $2.44 p e r  cwt. of  milk  not  ,produced. 
~ 

- 18/ Since  the s i z e  of the l o s s  depends  on t h e   a v a i l a b i l i t y  of a l t e r n a t i v e  
sources  of raw materials, s ign i f i can t   l o s ses   wou ld   occu r   on ly  when 
major  producing areas  are flooded. Because t h i s  is un l ike ly  i n  
f loods  of  less than  24 f e e t ,   i n  the p resen t   s tudy ,   l o s ses  are counted 
on ly   fo r   f l oods   o f  24 f e e t   o r   g r e a t e r .  
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d. Manufac tur ing   Indus t r ies  

The s t e p s   o u t l i n e d  

"Method" adequately.   'descr ibe 

above  under  the  general  t i t l e  

t h e   a p p r o a c h   u s e d   t o   d e t e d n e   t h e  

secondary   , losses   resu l t ing   f rom  the   t emporary   c losure   o f  manu- 

f a c t u r i n g   i n d u s t r i e s ,  No' fu r the r   desc r ip t ion   shou ld   be   necessa ry .  

An example  of the ca lcu la t ions   o f   the   p r imary  and  s.econdary 

income los ses '   o f  a ." typical"   indust . ry   appears   in   Appendix D . l .  

SECONDARY  LOSSES RESULTING FROM 

THE 'SEVERANCE OF. TRANSPORTATION ARTERIES 

A study  by  Pearse Bowden ( included as Appendix I) r e v e a l e d   t h a t  

few permanent  losses  would  be  incurred as ,a r e s u l t  of  severances  of  major 

t r a n s p o r t a t i o n  arteries. The repor t   sugges ted   tha t   losses   would   cons is t  

of cos ts   borne  by t r a n s p o r t a t i o n   i n d u s . t r i e s . h a v i n g .   t o   d e l a y   o r   t r a n s f e r  

shipments   normally  scheduled  to   t ravel   on  the  Canadian  ]Nat ional  (C.N.) , 
Canadian P a c i f i c .  (C.P.);   and  Brit ish Columbia  Hydro  Railways  and on t h e  

Tr,ans-Canada Highway. It found tha t   no   s ign i f icant   cos t s   would   be   assoc-  

i a t e d   w i t h   t h e   f l o o d i n g   o f   o i l  and  gas   pipel ines .  It a l so   conc luded   t ha t  

no B r i t i s h  Columbia indus t ry '   ( i nc lud ing   t he   t ou r i s t   i ndus t ry )   wou ld   su f f e r  

permanent  income los ses   because   o f   t he   f l ood ing .   o f   t r anspor t a t ion  arteries. 

. .  

A range. o f   poss ib l e   cos t s   o f  . .  delaying  and  t ransferr ing  normal  

railway  and  road  shipments w a s  p resented .  Estimates of p o t e n t i a l   l o s s e s  

caused  by  the  c losure  of   ra i lways  var ied  between . .  $30,000 and $676,000 

per   f lood,   depending upon t h e   l e n g t h  of -time- l i n e s  . .  were assumed t o   b e  

c losed   and   t he   l oca t ion   o f   t he   t r ack   f a i lu re .   .Fo r   roads ,  one estimate 

proved  adequate. 

, .  
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1. SECONDARY  LOSSES  RESULTING  FROM THE DISRUPTION  OF RAILWAY 

TRANSPORTATION 

There were severa l   p roblems  in   us ing   the  estimates .of ra i lway 
19 I t r a n s p o r t a t i o n   d i s r u p t i o n   c o s t s   p r o v i d e d   i n .   t h e   P e a r s e  Bowden ,study.- 

F i r s t ,   t h e r e  w a s  some u n c e r t a i n t y   a b o u t   t h e   p o t e n t i a l   s i z e   o f   r a i l w a y  

c o s t s  and t h e i r  chance  of  occurrence  during a p a r t i c u l a r   f l o o d .  

Secondly,   secondary  losses   resul t ing  f rom  breaks  in   the  t rack a t  var ious  

p a r t s   o f   t h e  ra i l  network  would  be  interdependent  and  frequently non- 

add i t ive .   Th i rd ly ,  i t  was d i f f i c u l t   t o   a l l o c a t e .   c o s t s  among d i f f e r e n t  

areas in   t he   Bas in   even   t hough   t h i s   had  t.0 b e  done be fo re   f l ood   p reven t ion  

b e n e f i t s   c o u l d   b e   a t t r i b u t e d   t o  alternative f lood   cont ro l   measures .  

The only   apparent   so lu t ion   to   these   p roblems was t o   b a s e   t h e  

a n a l y s i s  on assumptions  that   would  enable a r e a s o n a b l e   ( i f   a r b i t r a r y )  

a s ses smen t   t o   be  made of   po ten t ia l   secondary   losses .  The followi?g set 

of assumptions w a s  u l t imate ly   adopted .  

a. Upper F rase r  (Thompson River)  

(1)   Because   o f   the   des ign   of   the   ra i l road   ne twork ,   on ly  50% 

of the f loods   i n   excess   o f   t he  1972 level. on t h e  Thompson River 

would  cause one-week c losu res  of   both  the C.N.' and C.P. Railway 

l ines   sou th   o f  Basque. The ' cos t   o f   the   resu l t ing   de lays   and  

t r a n s f e r s  would  be  $157,000. I .  

(2) 50% of t h e   f l o o d s   i n . e x c e s s   o f .   t h e  -1972 level  would  induce 

one-week  c losures   of   both  the C.N. and C.P. Railway l i n e s   n o r t h  

of  Basque  on  the Thompson River and  would c o s t  $116,000 i n  
. . .  . 

delays   and   t ransfers .  25% of   t he   f l oods   i n   excess   o f   t he   1972  

level would i n f l i c t  one-week c losu res  on only the C.P. l i n e  

no r th   o f  Basque a t  a ' c o s t  of $30,000.. , 25%  o f   t he   f l oods   i n  

excess   of   the   1972.   level   would  sever   the C.N. l i n e ,   p r e v e n t  

access over   the  South Thompson Bridge  and  cost  $63,000. The 

average  loss   resul t ing  f rom  f looding  above  Basque  would  therefore  

- 19/ All gross  estimates of the c o s t s   a s s o c i a t e d   w i t h   t h e   l o s s  of rail 
access f o r   g i v e n   l e n g t h s   o f .  time as a r e s u l t   o f   b r e a k s   i n   t h e  r a i l  
l i n e  a t  d i f f e r e n t   p o i n t s  are p r e s e n t e d   i n   d e t a i l   i n  Appendix I. 
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b e  $81,000 each time water levels exceeded  those  of  the  1972 

f lood.  

(3 )  Since  cases 1 and  2 b o t h   r e f e r   t o   t h e  same f loods  on t h e  

Thompson, River, .the'  average  income  loss. on the Thompson p e r  

occurrence of .high water would amount t o   . 5  ($157,000) + 
.5  ($81,000) = $119,000.  The log ic   unde r ly ing   t h i s   computa t ion  

is that during  50%  of the f l o o d s ,   t h e .  maximum loss   would  be 0 

$157,000,   whi le   dur ing   the   o ther   50%,  the'maximum average   loss  

. .  . .  

would  be  $81,000. 

b. Lower F rase r  

(1) A spring  run-off   of  24 f ee t   (Miss iod   o r   h ighe r   cou ld  

f lood  Delta Dyking District and  cause a one-month d e l a y   i n  

the   sh ipment   o f   coa l   over   the   Br i t i sh  Columbia  Hydro  Railway. 

This delay  would  cost   the  railway $234,000. 

(2) The same run-off  could sever b o t h   t h e  C . N .  and C.P. r a i l  

l i n e s  between  Mission  Bridge  and Hope f o r  o,ne month  and i n f l i c t  

cos ts   o f  $442,000 on B r i t i s h  Columbia.  However, t h e   n e t   l o s s  

r e su l t i ng   f rom  the   f l ood ing  of areas between  Mission  and Hope 

would  be  only $442,000 - less t h e   c o s t s   b o r n e   i n   t h e  Thompson 

River  system  ($119,000).   This  subfraction  must  be made . t o  

avoid  double-count ing  the  costs .   incurred as a r e s u l t  of a delay 

genera ted   s imul taneous ly   in   the  Upper and Lower Fraser .  

- 

The $323,000 in" ' de1ay   and   t r ans fe r   cos , t s   a t t r i bu tab le   t o  

f looding  i n  t h e  Lower Frase r  were a l l o c a t e d  among dyked  and  undyked 

a r e s  i n   d i r e c t   p r o p o r t i o n   t o   t h e   l e n g t h s  of t h e  dykes  and  exposed 

t r a c k   i n   e a c h .  The percentage   . cont r ibu t ion   of   each  area is shown' in  
. - . -  

Table 3. 
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TABLE 3 

ALLOCATION  OF  FRICTIONAL  COSTS  CAUSED BY 

SEVERANCE OF RAIL LINES BETWEEN  MISSION BRIDGE AND HOPE 

Dyking Area Proportion  of Net Cost 
A l l o c a t e d   t o  Each Area 

Agassiz 

Harr i son  Mills 

1 7 %  

12% 

Dew dney 15% 

Hat z i  c 2% 

Chilliwack 3 2% 

Matsqui  17% 

Un dyke d 5% 

2. FRICTIONAL  COSTS  RESULTING  FROM  FLOODING OF ROADS 

F r i c t i o n a l   c o s t s   i n c u r r e d   d u r i n g  a one-month d i s rup t ion   o f  

road   t r anspor t a t ion   caused  by t h e   f l o o d i n g  of t h e  Lower .F rase r   va l l ey  

were e s t i m a t e d   t o   b e  $100,000. To i n c o r p o r a t e   t h i s  estimate i n t o   t h e  

p r e s e n t   a n a l y s i s ,  i t  was n e c e s s a r y   t o   d i v i d e  i t  among dyking areas whose 

f looding   could   cause   the  severance of road access - t o   t h e   i n t e r i o r   o f  B.C. 

Therefore,  the  $100,000 was a l l o c a t e d  among relevant areas i n   d i r e c t  

p r o p o r t i o n   t o   t h e   l e n g t h s  of t h e  dykes protect ing  each  (Table  4 )  .- 20 / 
J 

L 20/ It  shou ld   be   po in t ed   ou t   t ha t  the opening  of  tne  proposed  Vancouver 
t o   L i l l o o e t  highway  would e l i m i n a t e   t h e s e   f r i c t i o n a l   c o s t s  and that  
t h i s  w a s  cons ide red   i n .   t he   p ro j ec t ions  of fu t .u re  damages. 



TABLE 4 

ALLOCATION OF FRICTIONAL  COSTS  CAUSED BY 

FLOODING~ OF ROADS IN THE LOWER FRASER 

Dyking Area : $IO00 Cost  Allocated 
To Each Area 

Agassiz LO 
Harr i son  Mills 7 

E a s t  Nicomen 10 

West Nicomen 22 

Dewdney 9 

Ha tz i c ,  2 

Sumas 

Chill iwack 

21 

19 

a For  f loods  of 24 f e e t   ( M i s s i o n )   o r   g r e a t e r .  

. .  

SUMMARY 

A f lood  can  impose  income  losses   both.direct ly  on f loodp la in  

i n d u s t r i e s   a n d   i n d i r e c t l y  on the i r   supp l i e r s   and   marke t s .  The l o s s e s ,  

i n   t h e   f o r m e r  case, are primary  income losses a n d ,   i n . t h e  l a t t e r ,  second- 

ary * 
This   chapter   descr ibes  the p rocedure   u sed   t o  estimate t h e   s i z e  

o f   p o t e n t i a l  income los ses   t ha t   cou ld   occu r   du r ing  a F rase r  River f lood.  

Information w a s  g a t h e r e d   b o t h   i n  the f i e l d  and  from  secondary  sources. 

Then,   on  the  basis   of  a series of p laus ib le   assumpt ions ,  a system was 

e labora t ed  whereby  approximations  of  potential   f lood-induced income 

los ses   cou ld   be   e s t ab l i shed .  
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It was  f o u n d   t h a t ,   g i v e n   c e r t a i n   c o n d i t i o n s ,  estimates of 

hcome   l o s ses   cou ld   be   de t e rmined   f a i r ly   accu ra t e ly ,   a l t hough   t hey   cou ld  

n e v e r   b e  as p r e c i s e  as assessments   of   physical  damages. However, t h e  

problem  of   ident i fying a s t a b l e  set of   condi t ions   o r   even   ass igning  

p r o b a b i l i t i e s  of   occur rences   to   par t icu lar   . condi t ions  w a s  o n l y   p a r t i a l l y  

solved.  Consequently,  the estimates of  flood-induced.income losses i n  

this s tudy   represent   rough  approximat ions   o f   h ighly   uns tab le   po ten t ia l  

e f f e c t s  of g iven   f l oods .  

CONCLUSION 

Pr ior   to   examining   pr imary   and   secondary  income l o s s e s ,  i t  was 

though t   t ha t   cons ide rab le  time and money would  have t o   b e   s p e n t   t o   o b t a i n  

reasonable  estimates o f   t r u e   l o s s e s .  It soon became appa ren t   t ha t ,  

r e g a r d l e s s   o f   t h e   d e t a i l  of t he   s tudy ,   t hese   l o s ses   wou ld  have t o   b e  

based on many tenuous  assumptions. It a l s o  became clear t h a t   t h e   c o s t  of 

s ign i f i can t ly   improv ing   t he   approach   adop ted   i n   t h i s   ana lys i s   g rea t ly  

exceeded  the available budget .   F ina l ly ,  i t  was rea l i zed   t ha t   s econda ry  

income los ses   r ep resen ted  a very  small p a r t  of t h e   t o t a l   p o t e n t i a l   f l o o d  

damages. Therefore ,  i t  w a s  conc luded   t ha t   t he   ex t r a   cos t   o f   ob ta in ing  

"better" estimates c o u l d   n o t   b e   j u s t i f i e d .  

The  weaknesses  of  the  methods  used  to  determine  primary  and 

secondary  losses  have  been  outl ined.  The.  host  of assumptions  and  unstable 

cond i t ions ,  upon which  these estimates rest, i n d i c a t e   t h e   u n p r e d i c t a b l e  

n a t u r e   o f   t h e s e   l o s s e s   a n d   t h e   p o t e n t i a l   e r r o r - i n h e r e n t   i n   t h e  estimates. 

Al though  the   resu l t s  are r e l i a b l e  f o r  ca1,culat ions of t h i s   k ind ,   no  claim 

can   be  made ' fo r   t he i r   abso lu t e   accu racy .  

L 
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CHAPTER V I 1  

. 

c 

MISCELLANEOUS  FLOOD  DAMAGES 

INTRODUCTION 

I n  the Fraser   Basin,   about  90% of t o t a l   p o t e n t i a l   f l o o d   l o s s e s  

cons is t   o f  damages t o   r e s i d e n t i a l ,  commercial, i n d u s t r i a l   a n d ' a g r i c u l t u r a l  

a c t i v i t i e s  and  income los ses .   Th i s   chap te r   desc r ibes   t he  methods  and 

sources  of i n fo rma t ion   u sed   t o  estimate the  . remaining damages. These 

l o s s e s   i n c l u d e   e x t r a   c o s t s   o f   f o o d ,   c o s t s  of evacuat ing  people ,   the   value 

of   the loss of use  of   f loodplain  dwell ings,   and damages t o   r o a d s ,   r a i l w a y s ,  

s c h o o l s ,   a p a r t m e n t s ,   u t i l i t i e s ,   b a r n s '  and ou tbu i ld ings .  
. .  

' t  

L i t t l e  time w a s  spent .   es t imat ing   misce l laneous  damages. I n  some 

cases, ex tens ive   inves t iga t ions   p roved   unwarranted   because   secondary   sources  

were r e l i a b l e   a n d  damages were of   minor   ; impor tance . .   In   o thers ,   exper t s  

i n d i c a t e d   t h a t  damages were s o  &predic tab le   tha t   fur ther   s tudy   would   add  

n o t h i n g   t o   t h e   a n a l y s i s .  
.. 

METHODOLOGY AND FLOOD DAMAGE: ESTIMATES 

1. ROADS 
- .  

. .  

According t o   t h e   B r i t i s h  Columbia  Department  of  Highways, i t  is  

imposs ib le   to   p rovide  a s i n g l e  estimate tha t   adequate ly   represents   average  

f lood  damages p e r  mile of  road.  Apparently,  even a mile-by-mile  .study 

would  give  only a rough  idea   o f   the   po ten t ia l  damage. 

The best  information  the  Department"cou1d  supply w a s -  the   fol low- 

ing   genera l   descr ip t ion   of   : the   impacts   o f  a f lood:  _. I).. good.   road  surf  aces 

and  bases  would  be less seve re ly  damaged . than  poor   ones,  2) t h e   g r e a t e s t  

problem  would  be  posed  by  fast-flowing water rush ing   ove r   t he  roadway  and 

des t roying   the   shoulder ,   and  3) depending  on  the  road  grade,  premature 

paving  might  be  required  because  roads  would  be  re-opened  before  their  

bases  have time t o   s t a b i l i z e .  



I n  view  of this response,  i t  was dec ided   t ha t  damage estimates 

would have t o   b e   b a s e d  on prev ious   s tud ie s  of f loodable  areas. Three 

s t u d i e s  were s e l e c t e d .  A summary of t h e i r   f i n d i n g s  is p r e s e n t e d   i n  

Table 5. 

TABLE 5 

AVERAGE ROAD DAMAGE - SELECTED ' A R E A S  

Are a Year Year Reported.   Per  Annum Value of 
i n  which f o r  which Damage Rate of Damage 
Damage  Damage P e r  Mile P r i c e  1/ P e r  Mile 
Occurred was E s c a l a t i o w   i n   1 9 7 1  

Est imated : to 1971  Pr ices  
($1 , ' , (W) ($1 

Winnipeg, Man. 19 50 195  7 6,750 3.0 10,000 

Fraser   River  1948 1949-50 5,235. 2.5 9,000 

Squamish, B .X. var ious  19  65 1,500 5.0 2,000 

Sources:  Royal Commission  (1958: 53) ; Frase.r River Board  (1956:  53); 

Engineering  Division  (1967) 

- 1/ This,   and  subsequent rates of p r i ce   i nc reases   u sed   i n"  this  chapter ,  
were taken  from  Engineering News Record  184 ( 2 4 )  : 85 
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Damage c o s t s   f o r   t h e   F r a s e r   a n d  Winnip,eg areas are c l e a r l y  of 

a much grea te r   magni tude   than   those   es t imated   for   the  Squamish b a s i n .  The 

d i f fe rence   might   be   accounted   for  by va r i a t ions   i n   f l ood . '   du ra t ion ,   road  

q u a l i t i e s   o r   o t h e r   f a c t o r s .  However, s i n c e   t h e r e  was n o   b a s i s   f o r  

d e c i d i n g   w h i c h . e s t i m a t e   w o u l d   b e t t e r   r e f l e c t   t h e   p o t e n t i a l  damage, t o  

e x i s t i n g   r o a d s   i n  the F r a s e r ,   i n   t h e   p r e s e n t   s t u d y  i t  w a s  assumed t h a t   t h e  

du ra t ion   o f   f l ood ing   wou ld   be   t he l c r i t i ca l   va r i ab le .   Bo th   t he  Squamish 

and the Fraser-Winnipeg estimates were then-   accepted on the   fo l lowing  

premises : 1) a l l  roads  covered by a F r a s e r   R i v e r   f l o o d   f o r  more than  one 

week would s u f f e r  $9,000 damage p e r  mile, and  2) a l l  roads   covered   for  

one week o r  less would s u f f e r  $2,000 damage per .  mile'. 
. .  

2 .  RAILWAYS 
. .  

Estimates of p o t e n t i a l  damages t o  r a i l  l i n e s  were based on 

information  obtained  from  the  Canadian  National (C.N.) and  Canadian 

P a c i f i c  (C.P.)  Railway  Companies.  These  companies  suggested tha t ,   a l t hough  

t h e   e x t e n t  0.f t h e  damage i n  any f iood  w a s  unpredictab ' le ,  i t  would b e  a 

. .  

func t ion   of  water v e l o c i t y ,   t h e   q u a l i t y  of t rack  bed  and the s t a b i l i t y  

of l and  upon which   t he   . l i ne  was loca ted .  They a l s o  a n t i c i p a t e d   t h a t  

the i r   major   cos ts   would   be   incur red   repa i r ing   washouts ,  dumping r i p r a p ,  

r e p l a c i n g   b a l l a s t ,  and   ra i s ing   t rack .  

In   1971 ,   t he  C.N.R. provided estimates of damages l i k e l y   t o  

o c c u r   t o   s p e c i f i c   l e n g t h s  of t r ack   a long   t he   F rase r   i n s ide   and   ou t s ide  

the  dykes.  These estimates were subsequent ly   modif ied  during a re- 

assessment of t h e  damage p o t e n t i a l   i n   t h e   l i g h t '  of 1972 f lood   cond i t ions .  

The f i n a l   f i g u r e s  are p r e s e n t e d   i n  Appendix E. 1. 

The C.P.R. supp l i ed  estimates of . the  average damage p e r  mile 

expec ted   t o   occu r   ove r  40 miles o'f vu lne rab le   t r ack  below Hope. It 

an t i c ipa t ed   t ha t .   . r epa i r ing  20 miles o f   l i gh t ly   ' , a f f ec t ed   t r ack   wou ld   cos t  

$5,000 p e r  m i l e ,  and  the  remaining 20 miles, $13,000 p e r  mile. The 

company a l so '  c a l c u l a t e d   p o t e n t i a l  damages f o r   s p e c i f i c   p o i n t s  on i t s  l i n e  

i n   t h e  Upper F rase r .  To do t h i s ,  i t  r e l i e d   h e a v i l y  on 1972  f reshe t  

condi t ions .  All estimates are I l l u s t r a t e d   i n  'Appendix E. 2. 
. .  
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C.P.R. estimates of average damage were a p p l i e d   t o  several o t h e r  

l i n e s   i n  the Lower Fraser .  They were u s e d   t o  compute p o t e n t i a l  damages t o  

t h e  track of the fol lowing  companies:   Bri t ish Columbia  Hydro  and  Power 

Authori ty ,   Burl ington  Northern,  British Columbia  Harbour  Board,  and 

British Columbia  Railway  (Appendix E. 2) .  

3. UTILITIES 

a. Sewage and Water Systems 

The Winnipeg  Royal  Commission  (1958: 48) e s t i m a t e d   t h a t  

c l e a n i n g   t h e  Winnipeg  sewage  system  would  cost  $1.50  per acre 

a f t e r  a 15-day f lood  and $3.00 a f t e r  a 30-day f lood  (1957 p r i c e s ) .  

The present   s tudy   based  i ts  estimates of sewage damage o n   t h i s  

i n f o r m a t i o n .   P o t e n t i a l  damages were assumed to be   zero ,  $2.30 o r  

$4.50 p e r   s e r v i c e d  acre depending upon whether a f lood  (was 

e x p e c t e d   t o  last less than  8 days,  8 t o  30 days ,   o r  more than  

30 days.- 21 

Winnipeg d a t a  were a l s o   u s e d   t o  compute t h e   c o s t s   o f  

s t e r i l i z i n g  and   repa i r ing   f looded  water mains.  The  Winnipeg 

estimate of  $0.94  per acre of   se rv iced   land   (Royal  Commision, 

1958:  48) was upda ted   t o  $1.40  and a p p l i e d   t o   t h e   s e r v i c e d  

a c r e a g e   i n   t h e   F r a s e r   B a s i n .  . 

b.  Major Utilities 
. .  

Estimates of damage t o  major u t i l i t i e s  were obta ined  

f rom  the   Subs ta t ion ,   Dis t r ibu t ion , .   and  Gas Divis ions of t h e  

Brit ish Columbia  Hydro  and  Power Authori ty  and from t h e   B r i t i s h  

Columbia  Telephone Company (Crippen, .1971:  6-30). 

, .. . 

. .  

The B. C. Hydro arid Power 'Author i ty   ' expec ted   tha t  re- 
.. . 

pai r ing   and   c leaning  power ' d i s t r i b u t i o n   f a c i l i t i e s  would  cost 

$300 per   t ransformer .  It es t ima ted  its s u b s t a t i o n  damage would 

range  from  $152,000  in. a %foot   f lood  (Mission)   to   $715,000  in  

a 26-foot   f lood.   Final ly ,  i t  c a l c u l a t e d   t h a t   g a s   d i s t r i b u t i o n  

f a c i l i t i e s  would   requi re   c leanup  and   res ta r t ing   p rocedures   cos t -  

i ng  $30.00 per   gas-using  household  f looded.  

- 2/ The 1958 va lues  were updated a t  3% p e r  annum t o   o b t a i n   t h e   1 9 7 1  estim- 
ates . 

P 
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B. C. Telephone Company provided a lump sum estimate of 

the p o t e n t i a l  damage t o  i t s  i n s t a l l a t i o n s .  It ‘suggested t h a t  

v i r t u a l l y  - a l l  o’f t h i s  damage would  occur t o   t h e  Yarrow  and 

Chilliwack  exchanges  because  the  Ladner). S teveston  and Richmond 

exchanges  would  not   be  inundated  to   s ignif icant   depths .   There-  

f o r e ,   i n   t h e   p r e s e n t   s t u d y  i t  was assumed tha t   on ly   the   \Chi l l iwack  

and Yarrow exchanges  would  be damaged. Damages were es t ima ted  

t o   b e  $400,000 i n  a 24-foot  flood  (Mission)  and  $450,000 i n  a 

26-foot  f lood. 

4. BARNS AND OUTBUILDINGS 

The 1963  Benefit  Study  (Robertson,  1963:  Appendix C) es t imated  

tha t   barns   and   ou tbui ld ings   would   have   to   be   c leaned   and   pp in ted   fo l lowing  

a f lood.  The c o s t s   u s e d   i n   t h a t   s t u d y  were updated t o  $140 per   barn  and 

$40 p e r   o u t b u i l d i n g   i n   t h e   p r e s e n t   a n a l y s i s .  . ’ 

5. APARTMENTS 

No d i f f e r e n t i a t i o n  was made between  apar tment   and  res ident ia l  

damages. Ground f loo r   apa r tmen t   - su i t e s  were s i n p l y  assumed t o   s u f f e r   t h e  

u n i t ’   r e s i d e n t i a l  damages de r ived   i n   Chap te r  111, and t o t a l  damages were 

ca lcu la ted   accord ingly .  

0 

6 .  SCHOOLS 

In   the  1963  Benefi t   Study  (Robertson,   1963:   Appendix E ) ,  

damages occur r ing  a t  schools  a t  var ious  f lood,   depths  were expressed as a 

percentage  of  the  assessed  market  value  of school b u i l d i n g s .   I n   t h e  

cu r ren t   ana lys i s ,   t he   1963   pe rcen tage   d i s t r ibu t ion   (Tab le  $) w a s  app l i ed  

t o  19.71  market  values t o  obtain updated damage estimates. . .  
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TABLE 6 

FLOOD  DAMAGE AS A PERCENTAGE 

d 

OF ASSESSED VALUE OF SCHOOLS 

n 

Flood  Depth P e r  Cent of Market 
Above Floor  Value Damaged 

1 18 
2 37 
3 44 
4 50 
5 58 
6 65 
7 7 1  
8 !7 
9 86 

10 95 

Source:  Robertson,  1963:  Table D-1 

Estimates of 1971  market  values  of  schools were provided  by the 

Brit ish Columbia  Department  of  Education. .The Department  supplied  these 

estimates i n  a form t h a t   r e l a t e d '   c l a s s r o o m   v a l u e s   t o .   t h r e e   v a r i a b l e s :  

1) level of   educat ion,   2)  number  of classrooms,  and' 3) c o s t s   o f   o f f i c e s ,  

l i b r a r i e s  and  gymnasiums usua l ly   found   i n   bu i ld ings  of s p e c i f i e d   s i z e s  

(Table 7 ) .  

TABLE 7 

AVERAGE MARKET VALUES OF CLASSROOMS. 

I N  LOWER FRASER SCHOOLS' 

Primary  Schools Secondary  Schools 

Number of  Market  Value Market  Value  per  Classroom ($) 
Classrooms  per  Classroom ($) Classrooms Jr. Secondary  Sr.  Secondary 

4 45,000 

1 7+ 65,000  78,000 9 43,000 

10 80,000 96,000 
8 37,000 13 71,000  85,000 

16  37,000 
23  31,000 

Source: B. C. Department  of  Education 
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Once t h e   p e r c e n t a g e   d i s t r i b u t i o n  of  damages  and  values  of class- 

rooms had   been   de t e rmined ,   t o t a l   po ten t i a l   f l ood  damages were c a l c u l a t e d   i n  

several s t e p s .   F i r s t ,  a l l  f l o o d   p l a i n  schools were l o c a t e d  on  maps,  and 

t h e   e l e v a t i o n s  and  number  of  ground f loor   c lass rooms  in   each  school were 

i d e n t i f i e d   i n  a f i e ld   su rvey .   Nex t ,   po ten t i a l   f l ood   dep ths  were e s t a b l i s h e d  

us ing   t he  method descr ibed   in   Chapter  I V  (Commercial-  Damages).  Then, t h e  

t o t a l  market value  of   affected  c l .assrooms  in   each  school  was ca lcu la ted   and  

mul t ip l i ed   by   t he   pe rcen tage  damage cor responding   to   the   depth   to   which  

each would b e   f l o o d e d .   F i n a l l y ,   t h e   r e s u l t s  were summed t o   o b t a i n   t o t a l  

p o t e n t i a l  damages i n   v a r i o u s   f l o o d s .  

7. LOSS OF USE OF INELLINGS 

The value  of  the l o s s  of u se  of dweilings i s  i n c l u d e d   i n   f l o o d  

damage s t u d i e s  as a measure of the  inconvenience,   hardship and d i s u t i l i t y  

s u f f e r e d  by people   forced   f rom  the i r  homes. I n   t h e   p r e s e n t   a n a l y s i s ,  i t  

w a s  'assumed equa l  t o  t he   r en ta l   va lue   o f   r e s ldences   ove r   t he   pe r iod  of  dis- 

use. Since  one  month's  rent .was  es t imated   to   be   one   per   cen t   o f   the   marke t  

value  of a house  and i t s  con ten t s ,  a one-month l o s s   o f  a house  would  be 

worth $400, $210, o r  $93 f o r  an A ,  B o r  C class house   respec t ive ly .  

The dura t ion   of   the   loss   o f   use   o f   dwel l ings  w a s  es t imated   us ing  

a technique similar t o  the one   appl ied   in   the   1963  Fraser   repor t   (Rober t son ,  

1963:  Appendix L) .?' The t rue   pe r iod   fo r   wh ich   houses  would b e  abandoned 

was recognized as having a p o t e n t i a l l y   l a r g e   r a n g e   w i t h  an  upper limit of 

as much as s i x  months:  However, pas t   exper iences .   such  as t h e  1950 

Winnipeg f lood  have shown the   ave rage   evacua t ion   pe r iod   t o   be  much less. 

On t h e   b a s i s  of th i s   in fo , rmat ion ' ,   the ,  l o s s  of  use was ' d e f i n e d   i n  terms of 

average  durations  of  ' f looding  (Appendix E.. 3) and depths  of  f looding 

above  main f loors   (Table  8). 

- 3/ This  w a s  an adapta t ion   of  the Winnipeg  method  (Royal  Commission,  1958) 
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. TABLE 8 

LOSS OF  USE  OF  HOUSES AS A FUNCTION  OF 

FLOOD DEPTH ABOVE THE MAIN FLOOR 

Flood  Depth  Generalized  Total Loss 
above Main Floor  of Use of  Dwellings 

1 foot  Flood  Duration  only . 
1 t o  2 feet   Flood  Durat ion + 45 days 

> 2 feet   Flood  Durat ion + 60 days 

Two assumptions  had t o   b e  made before '   average  durat ion  of   f lood-  

ing   cou ld   be   e s t ima ted .  One was that flooding  would  begin  once the r i v e r  

reached a dyke's minimum confidence level (descr ibed   in   Chapter  TI).- 
The o t h e r  was tha t   f l ood ing   wou ld   t e rmina te   once   t he   r i ve r   r eceded   t o   t he  

level of t he   ave rage   l and   e l eva t ion   i n   each   dyk ing  area. By p l o t t i n g   t h e s e  

c r i t i c a l  l e v e l s  on schematic  hydrographs?'  of various  peak flows, i t  was 

p o s s i b l e   t o   i d e n t i f y   a v e r a g e   f l o o d   d u r a t i o n s   i n   e a c h   d y k i n g  area.- 61 

41 

Once l o s s e s  of use   (dur ing   and   a f te r  a flood)  had  been  determined 

(Appendix  E.4),  they were combined wi th   da ta   on   house   ren ta l   va lues   and  

main f l o o r   e l e v a t i o n s  .L/ Appendix E. 5 i l l u s t r a t e s   t h e   r e s u l t i n g   u n i t  

"depth-value  of  disuse"  functions computed fo r   each -dyk ing  area. T o t a l  

va lues   o f   d i suse   for   each  area were gene ra t ed   w i th   t hese   func t ions   i n   t he  

same way t h a t   t o t a l   r e s i d e n t i a l  damages were de r ived   i n   Chap te r  111. 

The level a t  which  f looding was assumed t o   b e g i n  was n o t  a very c r i t i c a l  
va r i ab le   because   f l ood  waters were e x p e c t e d   t o  rise qu ick ly ,  (see 
foo tno te  5) . 
A hydrograph   descr ibes   the  rise and f a l l  of a g iven   f reshe t   over  time. 
River s t o r a g e  i s  p l o t t e d   a l o n g   t h e   v e r t i c a l   a x i s  and  days are p l o t t e d  
a l o n g   t h e   h o r i z o n t a l .  The Engineer ing  Divis ion.  (Water Planning  and 
Management Branch,  Department  of  the  Environment)  supplied schematic 
hydrographs  for   f loods  with  peaks  ranging  f rom 20 t o  2 7  fee t   (Miss ion) .  

This was a rough way of ca l cu la t ing   t he   ' du ra t ion .  However, g iven   t he  
u n p r e d i c t a b i l i t y  of such   f ac to r s  as emergency  pumping, . t h e   s i z e  and 
time of   dyke  breaches,   and  even  the  hydrograph  i tself ,  i t  w a s  considered 
well w i t h i n  the range   of   accuracy   a t ta inable   wi th   the   ava i lab le   da ta .  

A sample of the p r o c e s s   u s e d   i n   e s t a b l i s h i n g  depth-damage cu rves   fo r   t he  
11 l o s s  of   use"   factor  is p r e s e n t e d   i n  Appendix E. 4. 

, 
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8. EXTRA FOOD  COSTS 

Following the premise  of  the  Winnipeg  report  (Royal  Commission, 

19581, i t  w a s  assumed tha t ,  durtng.  a flood,  food  expenses  'would  be  one- 

third  higher   than-   normal .   This   would  occur   because  people   would  be  . forced 

t o  buy f o o d   i n  smaller quan t i t i e s   t han   u sua l . .  The p e r  diem e x t r a   c o s t  w a s  
e s t i m a t e d   t o   b e  $0.38 p e r  person.5/ The cos t   pe r   dwe l l ing  w a s  e s t a b l i s h e d  

on t h e   b a s i s   o f  the number of   persons   per   household   in   d i f fe ren t   f lood  

p l a i n  areas (1966.  Census of Canada). 

The p rocedure   u sed   t o   ca l cu la t e   un i t  depth-damage f u n c t i o n s   f o r  

e x t r a   f o o d   c o s t s  (Appendix  E.6) was s i m i l a r   t o   t h e  one  used i n   t h e   p r e c e d i n g  

s e c t i o n .  The only   modi f ica t ion  was t h a t  a uniform level of expendi ture  w a s  

assumed f o r  a l l  house classes. 

. 
1 

9 

9. COSTS OF EVACUATING PEOPLE 

I n  a r e p o r t  by  Crippen  (1971: 7-2) , the cos t  of evacuat ing  people  

was -assumed t o   b e   e q u a l   t o   t h e   a v e r a g e   r e t u r n   f a r e  by bus  from  flooded 

homes t o  non-flooded areas ($1.30  per  person).   This estimate w a s  adopted 

i n   t h e   p r e s e n t   s t u d y .  
. .  

SUMMARY ' ,  

The 1963  Benefit   Study  (Robertson,  1963) showed p o t e n t i a l  miscel- 

laneous damages t o   b e  of  minor  importance i n   t h e   F r a s e r   R i v e r   B a s i n .   S i n c e  

many of   t hese  damages are a l s o   u n p r e d i c t a b l e ,   i n - t h e   p r e s e n t   a n a l y s i s  

estimates were based on spa r se -   h i s to r i ca l   - ev idence ,   s econda ry   sou rces ,   and  

s u b j e c t i v e   a p p r a i s a l s   b y   i n f o r m e d   p e r s o n n e l .   , I n   t h i s  way, l i t t l e  time w a s  

was ted   a t tempt ing   to   p roduce   resu l t s   tha t   would ,  a t  bes t ,   be   ques t ionab le .  

- 8/ This  was der ived  f rom  the $28.80 p e r  week average   expendi ture   for   feed  
f o r  a family  of  3.8  people i n  1969  repor ted   in   the  August  1971 e d i t i o n  
of the Canadian Consumer (page  141). It was updated   to   1971 by a f a c t o r  
of  6% t o   o b t a i n  an average  expendi ture  of $1.15 pe r   pe r son   pe r  day. 
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CONCLUSION 

The procedures  used to  assess  miscellaneous damages i n  th is  study 

are  crude. However, it is  doubtful  that  further  refinement would provide 

more credible  results or make the  analysis o f  tota l  damages i n  the  Fraser 

Basin more meaningful. 

. 
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CHAPTER V I 1 1  

GROWTH ON THE LOWER FRASER  FLOODPLAIN 

INTRODUCTION 

Flood  prevention  works  constructed  today w i l l  p ro t ec t   bo th  0 

presen t  and fu tu re   f l oodp la in   deve lopmen t s .   The re fo re ,   t o   de t e rmine   t o t a l  

bene f i t s   o f   f l ood   con t ro l  schemes, f u t u r e   e c o n o m i c   a c t i v i t i e s  axid p o t e n t i a l  

damages  must be   es t imated .  

Th i s   chap te r   desc r ibes   t he   me thods 'u sed .   t o  make p ro jec t ions  of 

growth  on  the Lower Fraser   f loodplain  between  the  years   1971  and 2000. I t  

p r e s e n t s   f o r e c a s t s  o f   popu la t ion ,   i ndus t r i a l   and   ag r i cu l tu ra l   changes   i n  

individual   dyking areas a t  f i v e - y e a r   i n t e r v a l s ,  and  provides estimates of 

annual rates of.  growth. 

Although  f lood  control   projects   have  been known to   cause  an 

i n t e n s i f i c a t i o n  of f loodp la in  use, most f o r e c a s t s   i n   t h i s   s t u d y  are based 

on   the   , assumpt ion   tha t   addi t iona l   p ro tec t ion  w i l l  n o t   a f f e c t   g r o w t h   i n  

s u s c e p t i b l e  areas.L' This approach was taken  because the ex i s t ing   pe rcep -  

t i o n  of t he   f l ood   haza rd   i n   t he   F rase r   Va l l ey  i s  s o  low that a reduct ion  

o f   t he   t h rea t  w i l l  no t   l i ke ly   i nduce  an accelerat ion  of   development .  

GENERAL METHODOLOGY 

It i s  d i f f i c u l t  t o  estimate f u t u r e   p o p u l a t i o n ,   r e s i d e n t i a l ,  

commercial  and i n d u s t r i a l  growth  accurately.   Cohort ,   gravity  and  input- 

output  models  can  be  used  to make r e a s o n a b l e   p r e d i c t i o n s   f o r   l a r g e   r e g i p n s  

wi th   s t rong   i n t e rna l   economic ,   soc i a l  and p o l i t i c a l   l i n k a g e s .  However, 

t h e s e   p r o j e c t i o n s  are l i k e l y   t o   b e   a c c u r a t e   o n l y   f o r  a f ive   o r   t en-year  

p e r i o d   b e c a u s e   t h e i r   r e l i a b i l i t y   d e c l i n e s  as t h e  time .hor izon   increases .  

. .  

. .  

- 1/ I n   t h e  Upper F rase r  Basin, improved  dyking will probably cause growth 
i n  some areas. The impact  of  dykes i n   t h e s e  areas is  d e s c r i b e d   i n  
r epor t s  on Quesnel, O a k  H i l l s  Prince  George, and Kamloops (Canada 
Department  of the Environment  1973  and  1974).  Project-induced  growth 
is de f ined   i n   Chap te r  I of t h e   p r e s e n t ' s t u d y .  
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Pred ic t ing   g rowth   fo r  smaller areas is  even 

e r r o r .  The smasler the   r eg ion ,  the more sensitive it 

more s u s c e p t i b l e   t o  

becomes t o   f a c t o r s  

such as changes i n   t r a n s p o r t a t i o n   r o u t e s   a n d  the in t roduc t ion   o f  new indus- 

tries. Also, e x t e r n a l   f o r c e s ,   w h i c h   t e n d   t o   b e  of  minor  importance i n  

l a r g e r  areas, become inc reas ing ly  more s i g n i f i c a n t  aS t h e  area s h r i n k s   i n  

size. Under these  c i rcumstances,   input-output   models   and.   o ther   sophis t ica-  

ted   t echniques   o f   ana lys i s  are of l i t t l e  use.  

I n   t h i s   s t u d y  , growth  project ions were r e q u i r e d   f o r  small dyking 

d i s t r i c t s .   S i n c e   t h e s e  areas are d e f i n e d   p r i m a r i l y   i n   p h y s i c a l  terms, 

many are mere ly   par t   o f   l a rger   economic   en t i t i es   and  are c r i t i c a l l y   a f f e c -  

t e d  by  developments   outs ide  their   boundaries .  The r u r a l   d y k i n g  districts 

are probably   in f luenced   by   fac tors   such  as migra t ion  of y o u t h   t o  c i t i es ,  

f a rm  conso l ida t ion   and   f e r t i l i t y   and   mor t a l i t y  rates. The non-rural  

dyking areas are a f f e c t e d  by o t h e r   v a r i a b l e s   l i k e   t h e i r   p r o x i m i t y   t o  

Vancouver, t h e   l o c a t i o n   o f   t r a n s p o r d a t i o n  arteries and  major  non-floodplain 

developments. 

Growth estimates were based   pr imar i ly  on d i s c u s s i o n s   w i t h   l o c a l  

p l anne r s ,   ana lyses  of h i s t o r i c   t r e n d s  and   i nves t iga t ions   o f   f ac to r s   t ha t  

could  inf luence  future   development   (eg.   zoning  plans , proposed   t ranspor t  

sys t ems ,   po r t   expans ion   and   i ndus t r i a l   ac t iv i t i e s )  .2' Maps, a i r  photos 

and  census  data were examined to   de te rmine   pa t te rns   o f -   pas t   g rowth .   These  

were u s e d   t o  estimate p r o b a b l e   f u t u r e   c o n d i t i o n s   i n  areas where   h i s to r i c -  

a l l y  stable t r ends   appea red   l i ke ly   t o   con t inue . .   I n  areas where  growth 

rates had  been erratic o r  changes were a n t i c i p a t e d ,   p r o j e c t i o n s  were 

based   la rge ly   on   the   op in ions   o f   p lanners   and   in format ion  . .  obtained  from 

munic ipa l   p lans .  3/ ' '. 

P r o j e c t i o n s  were 'made for .   popula t ion   growth   and   indus t r ia l  

and a g r i c u l t u r a l  development.  Annual  percentage  changes i n   p o p u l a t i o n  

were pro jec ted   for   each   dyking  area and   used   to   represent   p robable  rates 

of  expansion of ac t iv i t ies  t h a t  grow i n   d i r e c t   p r o p o r t i o n   t o   p o p u l a t i o n  

s ize   (eg .   res ident ia l   and   commerc ia l ) .   Indus t r ia l   g rowth  w a s  f o r e c a s t  i n  

- 2 /  Pro jec t ions  made by   t he  Lower Mainland  Regional  Planning  Board  (1968) 
and t h e  Greater Vancouver  Regional Dis t r ic t  Planning  Division  (1971) 
were used   ex tens ive ly .  

- .  3/ This  approach has been  used i n   o t h e r   s t u d i e s  (eg. James, 1964; ~ o y a l  
Commission,  1958). 

a 

. 
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. 
terms o f ,   t h e  number o f   i n d u s t r i a l   a c r e s   l i k e l y   t o   b e   ' d e v e l o p e d   a n n u a l l y   i n  

each  dyking area. Gross  losses of a g r i c u l t u r a l   a c r e a g e  were p r e d i c t e d  .at  

f i v e - y e a r   i n t e r v a l s   f o r   t h r e e  areas i n  which s i g n i f i c a n t  amounts of 

farmland are e x p e c t e d   t o   b e   l o s t   t o   r e s i d e n t i a l ,  commercial  and i n d u s t r i a l  

developments .- 41 

Two a l t e r n a t f v e  growth p r o j e c t i o n s  were used i n   t h i s   s t u d y .  The 

one   desc r ibed   i n   t h i s   chap te r   p red ic t s   t he  "most l i ke ly"   fu tu re   cond i t ions  

on the   f l oodp la in .  The o ther ,   which   requi res  no d e s c r i p t i o n ,  i s  t h e  

\ 
0 

1 1  zero  growth"  a l ternat ive.  It was used 'to estimate t h e  lower limit of 

p o s s i b l e   f u t u r e  damages. Two p r o j e c t i o n s  were made t o  show t h e  m a x i m u m  

a f f e c t   . t h a t   m a j o r   f l o o d p l a i n   z o n i n g   r e s t r i c t i o n s   c o u l d   h a v e  on t h e   s i z e  

p o t e n t i a l .   f l o o d  damages.  (Appendix G. 7 ) .  

ZONING.  REGULATIONS 

Zon ing   p l ans   fo r   each .   d i s t r i c t  ,' municipality  and  township i n   t h e  

Lower. Fraser   Val ley were c l ea r ly   de f ined   i n   t he   "Of f i c i a l   Reg iona l   P l an"  

(L.M.R.P.B.: 1966).2'  The aim of  t h e   p l a n  was t o   e s t a b l i s h   g u i d e l i n e s   f o r  

land use and   prescr ibe  a cour se   o f   ac t ion   fo r  an orderly  development  of 

t h e  Lower Mainland. 

F I n   t h e   p l a n ,  a l l  l a n d   i n   t h e  Lower Mainland was zoned  according 

to   t he   pu rpose   fo r   wh ich  i t  w a s  cons ide red 'bes t   su i t ed .  Types  of l and  

use  were c lass i f ied   under   the   fo l lowing   ca tegor ies :   u rban ,   rura l  

( a g r i c u l t u r a l ) ,   i n d u s t r i a l ,   p a r k  and reserve. For   each   c l a s s i f i ca t ion ,  

b o t h   s h o r t  and  long  range  plans  and maps were produced t o '   p r o v i d e  a 

b l u e p r i n t   f o r   t h e  development  of t h e  area. The shor t - te rm  p lan  was 

d e s i g n e d   t o   e s t a b l i s h   t h e   p a t t e r n s  of  growth i n  the,  immediate  future. 

- 4 /  Because of a l a c k   o f .   d a t a ,   g r o w t h   p r o j e c t i o n s   f o r  areas i n   t h e  Upper 
F rase r   Bas in   had   t o   be   e s t ima ted   u s ing   d i f f e ren t   t echn iques .  A 
d e s c r i p t i o n  of t h e  methods  used t o  estimate growth i n   t h e s e  areas can 
b e  found in ind iv idua l   s tud ies   o f   the   .benef i t s   o f   dyking  Kamloops, 
Oak H i l l s ,  Quesnel  and  Prince  George  (Canada  Department of the  Environ- 
ment,  1973  and 19 74). 

- 5/ This   p lan  was o f f i c i a l ly   adop ted   by  an  order-in-council   in  August,  
1966. 
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The long-term  plan w a s  i n t e n d e d   t o   d e f i n e  the u l t ima te   ex t en t  of  urban, 

r u r a l ,   i n d u s t r i a l   a n d   p a r k  areas. 
. f  

The genera l   po l icy   towards   f loodpla in  areas is out l ined   on   page  3 

of the "Official   Regional   Plan" (L.M.R.P.B., 1966). The "Plan" dec l a re s  

tha t   t he   en l a rgemen t  of f l oodp la in  areas p resen t ly  zoned fo r   u rban   u se  

i s  cont ingent  on f lood-proof ing .   In   addi t ion ,  i t  proposes   tha t  l i t t l e  . 

I 

floodplain  development  should  be  allowed  and that ,  i f  growth is permi t ted ,  

i t  shou ld   be   d i r ec t ed  towards activities that s u f f e r  least from  flooding. 

This   po l icy   towards   f loodpla ins  w a s  adopted  to  minimize 

"pub l i c   and   p r iva t e   expend i tu re   fo r   f l ood   p ro tec t ion"   and   " lo s ses   r e su l t i ng  

from  per iodic   f looding".  Hchever, s i n c e   t h e   p l a n  commits a l a r g e  amount 

of f l o o d p l a i n   l a n d   t o   u r b a n   a n d   i n d u s t r i a l  use,5' t h e   a n t i c i p a t e d  level 

of growth i n  most  dyking a r e a  w i l l  n o t   l i k e l y   b e   a f f e c t e d  by land   shor t -  

a g e s   i n  the n e a r   f u t u r e .  A'map showing  the   p resent   ex ten t   o f   f loodpla in  

zoning is p rov ided   i n   F igu re  5 ,  Appendix F. 

.- 

With  except ion  of   the  es tabl ishment  of a n   i n d u s t r i a l   l a n d  

reserve i n  Delta and, the  re-zoning  of a few small p a r c e l s  of l and ,   t he  

ove ra l l   zon ing  scheme  adopted. i n   t he   "Of f i c i a l   Reg iona l   P l an" ,  has changed 

l i t t l e  s i n c e  i t s  incep t ion .  However, t h e .   B r i t i s h  Columbia Land  Commission, 

which  put a f r eeze   on   ag r i cu l tu ra l   l and   i n   1973 ,   cou ld   b r ing   abou t   s ign i f -  

icant changes. The poss ib le   e f fec ts   o f   these   changes  are accounted   for  

i n  this s tudy  because i t  appea r s   t ha t   t he  Commission tends   to   favour  a 

lower rate of  development  than is p r e d i c t e d   i n   t h e  ,"moSt ' l i ke ly"   p ro jLc t ions .  
\ 

POPULATION GROWTS . , 

1. METHOD 

To e s t a b l i s h  a b a s i s   f o r   e s t i m a t i n g   f u t u r e   p o p u l a t i o n ,  i t  w a s  
n e c e s s a r y   t o   i d e n t i f y   h i s t o r i c a l   p o p u l a t i o n   t r e n d s   i n   e a c h   d y k i n g  area. 

The f i r s t   s t e p  i n  de termining   these   t rends  w a s  t o   s u b d i v i d e   e a c h  area 

i n t o   t h e  smallest census   un i t s   for   which   popula t ion  s ta t is t ics  were 

. 

- 6 /  i .e. The l and  is either used   fo r   u rban   and   i ndus t r i a l   pu rposes   o r  
zoned f o r   t h e s e   u s e s .  

-. 
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avai lab le   ( i . e .   enumera t ion  areas or E.A.'s). The population  of  each 

d y k i n g   d i s t r i c t  was then   es t imated   for   the   years   1951,   1961,   1966,  and 

1971 by summing census  data   recorded i t  t h e  E . A .  level.  I n  areas where 

boundaries  of E.A. 's  and  dyking areas d id   no t   co inc ide ,  a i r  photographs 

were u s e d   t o   d e r i v e   p o p u l a t i o n  estimates. , By t r ac ing   -popu la t ion  statistics 

back  to   1951,  a clear i n d i c a t i o n  of the   pa t te rn   o f   g rowth  was obtained.  

Genera l ly ,   fu ture   popula t ion   growth  rates were e x p e c t e d   t o   b e  

similar t o   ' t h o s e  of t he   pas t .   Fo r   t h i s   r ea son ,   fu tu re  rates were estim- 

a t ed   on   t he   bas i s  of h i s t o r i c   t r e n d s .  However, h i s t o r i c  rates were, always 

ad jus ted   to   account   for   changes   p red ic ted  by r eg iona l  and  municipal 

p lanners ,   the   impact   o f   loca l   zoning   p lans ,   the   e f fec ts  of municipal  and 

p rov inc ia l   l and   u se   po l i c i e s ,   and   t he   i n f luence  of growth  pat. terns of 

ne ighbour ing   munic ipa l i t i es .  

2 .  POPULATION GROWTH PROJECTIONS 

In  1971  about  114,000  people,   representing some 10% of t h e   t o t a l  

Lower Mainland  populat ion,   l ived  in  areas s u s c e p t i b l e   t o   f l o o d i n g .  Of t h a t  

to ta l ,   about   two- th i rds  was concen t r a t ed   i n   t he   Me t ropo l i t an  Vancouver area 

and one-third w a s  dispersed  throughout   the rest of   the  Lower Fraser   f lood-  

p l a i n .  Richmond (exc luding   Sea   I s land) ,   wi th  60;OOO inhabi tan ts ,   accounted  

f o r  52% of the   f loodpla in   popula t ion .  The dyk ing .   d i s t r i c t   o f   Ch i l l iwhack  

( including  Chi l l iwack  Ci ty)   had  the  second  largest   'populat ion  with  23,000 

p e o p l e   o r  20% o f   t h e   t o t a l .  

According t o   t h e  l'mo'st i i ke ly"   fo recas t s   o f   popu la t ion  made i n  

th i s   s tudy   ' (Tab le s  9 and l o ) ,  t h e   f l o o d p l a i n b   s h a r e   o f   t h e  Lower Mainland 

populat ion w i l l  rise t o  13% by t h e   y e a r  2000.1' 'This rise w i l l  occur 

mainly  because  of   increases   in   the number of   people   in  Richmond, Delta, 

and  Chill iwhack  Municipali t ies.   These  three areas alone are expec ted   t o  

account   for  93% of t h e   t o t a l   f l o o d p l a i n   p o p u l a t i o n  by t h e   y e a r  2000 com- 

pared with 85% i n '  19  71. 

- 7 /  A b r i e f   o u t l i n e  of the   p r inc ipa l   . reasons   under ly ing   the   g rowth   pro-  
j e c t i o n s   f o r   e a c h  area i s  p r o v i d e d   i n  Appendix ~ .1 .  
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Land scarcities i n   t h e  Vancouver area, coupled  with  improved 

access t o   o u t l y i n g   r e g i o n s ,  w i l l  cause the population  of  f lood-prone areas 

n e a r   t h e   c i t y   t o  grow ra;idly. Because of i t s  p r o x i m i t y   t o  downtown 

Vancouver, Richmond w i l l  l i k e l y  attract  a l a rge   pa . r t  of t he   popu la t ion  

expand ing   i n to   t he   f l oodab le  area. Delta, which  showed a marked jump i n  

i ts  population  between  1961  and  1971  primarily  because'of  improved access 

(George Massey Tunnel  (1959)  and Highway 499), is a l s o   e x p e c t e d   t o  grow 

r a p i d l y   i n   t h e   f u t u r e .   T h e s e  two m u n i c i p a l i t i e s ,   t o g e t h e r   w i t h   t h e  

Queensborough area of  New Westminster, w i l l  p r o b a b l y   i n c r e a s e ' t h e i r   s h a r e  

of the f loodp la in  area's population  from 64% i n   1 9 7 1   t o  78% by the y e a r  

2000. 

Because the eastern por t ion   o f   t he  Lower F rase r   f l oodp la in  i s  

m a i n l y   a g r i c u l t u r a l ,  most  of i ts  d y k i n g   d i s t r i c t s  w i l l  experience l i t t l e  

populat ion  growth  over   the  next  30 yea r s .  The on ly   no tab le   excep t ion   t o  

t h i s  w i l l  be   t he   dyk ing   d i s t r i c t   o f  Qzilliwack. Its popula t ion  w i l l  

probably  double by t h e   y e a r  2000, l a r g e l y  as a r e s u l t  o f  t h e  growth  of 

a g r i c u l t u r a l l y   o r i e n t e d   i n d u s t r i e s   ( T a b l e s  9 and  10). 

INDUSTRIAL GROWTH 

1. METHOD 

Estimates o f   i n d u s t r i a l  growth  on t h e ,   f l o o d p l a i n  were based  on 

p r o j e c t i o n s  made by the  Greater Vancouver  Regional District Planning 

Department i n  i t s  r e p o r t ,  "Space fo r   Indus t ry"   (1971) .   In   t ha t   r epor t ,  

the   Depar tment   p red ic ted   tha t ,   by   the   year  2000, t h e  Lower Mainland w i l l  

have a t o t a l   o f   a b o u t  20,000 acres o f   l a n d   i n   i n d u s t r i a l   u s e ,   o r   a b o u t  

12,000 more acres than  were developed i n  -1966. I n   t h e   p r e s e n t   s t u d y ,  

t hese  20,000 acres were a l l o c a t e d  among f loodplain  and  non-f loodplain 

areas on t h e   b a s i s  of an assessment of t h e   f a c t o r s   e x p e c t e d   t o   i n f l u e n c e  

i n d u s t r i a l  development i n  each. Estimates of  growth a t  f i v e   y e a r   i n t e r v a l s  

between the years  1971  and 2000 were a l s o  made on t h e  same b a s i s .  
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HISTORICAL AND PROJECTED  POPULATION GROWTH RATES - LOWER FRASER 

1951 - 2000 

Dyking Area 1951-61 1961-66 1966-71 1971-76  1976-2000 

Richmond 
Queensborough 
Delta 
Port   Coquitlam 
South  Westminster 

9.0 4.0 4.0 4.0 4.0 
1 . 0  0.0 1 .0  1.0 3.0 
6.5 8.0 8.0 5.0 5.0 
8.0 -4.5 -1.0 -1.0 -1.0 
2.0 0.0 0.0 0.0 0.0 

Maple  Ridge 
P i t t   P o l d e r  
P i t t  No. 2 
Albion 
S i l v e r d a l e  
Mission 
Dew dney 
N i  comen 

2.5 
27.0 

6.5 
4.0 

-2.0 
-3.0 

1.5  
3.0 

0.0 1.0 1.0 
8.0 1 .0  1.0 
0.0 0.0 0.0 
4.0 1.0 1.0 

-2.0 -1.0 -1.0 
-3.0 -3.0' -3.0 
-0.5 0.0 0.0 

2.0 0 .5   0 .5  

1.0  
1 .0  
0.0 
1.0 

-1.0 
-3.0 

0.0 
0.5 

Barns t o n  Is l and  
West Langley 
Salmon River 
Glen  Valley 
Matsqui 
SUmaS 
Yarrow 

0.5 
0.5 

0.0 
2.0 
0.0 

- 
1.0 0.0 0.0  0.0 
1.5 .o.o 0.0 0.0 - 0.0 0.0 
0.0 0.5 0.5 0.5 
0.0 0.5 0.5 0.5 

-2.0 . 0.0 0.0 0.0 
2.0 . 2.0 2.0 2.0 

~ ~ ~ ~~~~ ~~~ 

Harr i son  Hot Springs 0.0 0.0 4.0 1.0  1.0 
Agassiz - 'Har r i son  Mills 2.0 2.0 1.0 1.0 1.0 
Chill iwhack D i s  . 3.0 3.0 3.0 3.0 3.0 
Chill iwack  City 4.0 1.0  0.5 1.0  1 .0  
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. 
1 

2. INDUSTRIAL GROWTH PROJECTIONS 

An a n a l y s i s  of t h e   p r e s e n t   d i s p e r s i o n   o f   i n d u s t r i a l   l a n d   i n   t h e  

Lower Mainland  reveals   that   about  80% of  the: ' .developed  acreage lies i n  

non-floodable areas i n  Vancouyer,  Burnaby,  Port Moody, North  Vancouver, 

Sur rey ,  arid New. Westminster  (Appendix P .  3) .: . Of the  remaining 20%, over  

h a l f  i s  l o c a t e d   i n  the Municipali ty  of ,Richmond;. t h e  .rest 'is s c a t t e r e d  

throughout   the Lower Mainland 'from Delta to   Agass iz   (Table   13)  .- 8 /  

The main  bui ld-up  of   industr ies   has   occurred where t r a n s p o r t  

f a c i l i t i e s   ( w a t e r ,  r a i l  and  roads) are r e a d i l y   a c c e s s i b l e  and  where the 

concen t r a t ion   o f   popu la t ion   (needed   t o   s a t i s fy   bo th   l abour   and   marke t  re- 

quirements) i s  g r e a t e s t .   I n d u s t r i e s   w h i c h  m u s t  have  waterfront  access 

are s i tua ted   main ly   near   the   nor th   and   south   shores   o f   Burrard   In le t , .  

around  False  Creek, on the  North A r m  of   the   Fraser  River, and i n  New 

Westminster. The non-wa te r   o r i en ted   i ndus t r i e s  are loca ted   nea r   t he  

p r i n c i p a l  arterial r o u t e s   i n   t h e  Vancouver-New Westminster  urban area. 

The major .. . . i n d u s t r i e s  i n  t h e   v a l l e y  are c l o s e l y   l i n k e d   t o   t h e  

area's ag r i cu l tu re ,   l umber   and   mine ra l   r e sources .   S . e i l l i ng   and   o the r  

wood- re l a t ed   i ndus t r i e s   t ha t   need   wa te r f ron t   p rope r ty  are concent ra ted  

a long   t he   F rase r ,   P i t t ,   S t ave   and   Har r i son  Rivers. O t h e r   i n d u s t r i e s ,  

such as .p . rocessors   o f   . agr icu l tura l   and   o ther   na tura l   resources ,  are loca ted  

near   the  larger   urban  communit ies   . in   the  val ley.  

, .  

I n d u s t r i a l  growth i n   t h e  Greater Vancouver area averaged  about 

180 acres per   year   be tween 1960  and  -1966  (Table 11):. O f  t h e   t o t a l   i n d u s -  

t r i a l  ac reage   deve loped   du r ing   t hese   yea r s ,   c lo se   t o  50% o c c u r r e d   i n  non- 

f loodable  areas near  Vancouver. These areas w i l l .  cont inue   to   absorb  a 

la rge   por t ion   o f   the   reg ion ' s -   deve lopment   because   o f   the i r  s i t e  advantages.  

However, r i s i n g   l a n d   c o s t s   i n   t h e   n o n - f l o o d a b l e  areas (due i n   p a r t   t o   i n -  

c r e a s i n g   l a n d   s c a r c i t i e s )   a n d   b e t t e r   t r a n s p o ' r t a t i o n   t o   o u t l y i n g   r e g i o n s  w i l l  

par t ia l ly   counter -ba lance   the   advantages   o f   loca t ing   ,near  downtawn Vancouver. 

'J%e.net e f f e c t  w i l l  probably  be a r e d u c t i o n   i n   t h e   a b s o r p t i o n  rate of 

c e n t r a l   l o c a t i o n s  and  an  increase  in   the  development  rate of p e r i p h e r a l  

areas. 

- 8/ Exis t ing   and   fu ture   indus t r ia l   deve lopments  on t h e  Upper Fraser   Bas in  
f loodp la in  are d e s c r i b e d   i n   i n d i v i d u a l   r e p o r t s .  on  Kamloops,  .Que-snel a n d  
P r ince  George (Canada Department  of  the  Environment, 1973 and  1974). 
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TABLE 11 

INDUSTRIAL ACREAGE DEVELOPED: 1960 - 1966 
. . .  

Municipality  Acreage'  Developed  Average  Annual Growth Each Munic ipa l i ty ' s  
1960 - 1966  1960 - 1966 % of   To ta l  Growth 
( / I  acres) ( B  ac res )  

Vancouver 131  
Burnaby  2 74 
New Westminster  50 

Port  Coquitlam  27 
P o r t  Moody 7 
N. Vancouver 

(Ci ty   and   Dis t r ic t )  115 
Delta 144 
Ri. chmond 202 
Surrey  94 

coquitlama 25 

22 
46 
8 
4 
5 
1 

19 
24 .. 

34 
16 

12.3% 
25.7% 

4.5% 
2.2% 
2.8% 

.5% 

10.6% 
13.4% 
19.0% 

9 .O% 

TOTAL 1,069  179  100.0% 

a 

Source:  "Space fo r   Indus t ry" ,  Greater Vancouver  Regional District, 1971. 

Inc ludes .   F ra se r  Mills. 

Floodplain areas w i l l  l i k e l y   b e   p r i m e   t a r g e t s   o f  this i n d u s t r i a l  

expansion. Their abundant  supply  of  zoned  land  (Table  12);  combined  with 

improvements i n  access , should  enable  these areas t o   c a p t u r e  much. of t h e  

f u t u r e   i n d u s t r i a l  growth. I f   t h e  "most l i k e l y "   p r o j e c t i o n s   i n   t h i s   s t u d y  

are c o r r e c t ,   t h e  number  of f l oodp la in  acres - u n d e r   i n d u s t r i a l .  use w i l l  rise 

from  1,942  to  6,635  between  the  years  1971  and 2000 .(Tables 13   and   14) .  

Floodable areas w i l l  then   account   ' fo r   over  30% of  a l l .  i n d u s t r i a l   a c r e a g e  

i n   t h e  Lower Mainland as opposed t o   t h e   p r e s e n t  20% .(Appendix  F.  3). 
i 

Of the   t o t a l   f l oodp la in   ac reage   t o ' . be   deve loped   be tween   t he   yea r s  

1971  and  2000,  probably  over  90% lies w i t h i n   ' t h e  Greater .Vancouver  Regional 

District (Table 13). The rest ' i s  sca t t e red   t h roughou t  the Fraser   Val ley.  

Richmond, which  present ly   contains  the la rges t   deve loped  area, is expected 

t o   e x p e r i e n c e   t h e   g r e a t e s t   i n d u s t r i a l   e x p a n s i o n .  Good access t o  Vancouver 

and l a r g e  t racts  o f   . f l a t   l a n d  zoned f o r .   i n d u s t r i a l . u s e  are l i k e l y   t o  

a t t ract  i n d u s t r i e s   t o   t h i s   m u n i c i p a l i t y .  Delta, Port   Coqui t lam,   the  Big 

Bend areas of  Burnaby, and the  South  Westminster area of Surrey   a l so   have  

s i z e a b l e  areas zoned f o r   i n d u s t r i a l  use, are reasonably  c lose  to   Vancouver ,  

i 
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TABLE 12. 

FLOODPLAIN ACREAGE AVAILABLE FOR 

" 

INDUSTRIAL DEVELOPMENT (1971) 

Are a Acres 

Richmond 3,400 

Queensborough 140 

Delta 5, OOOi 
South  Westmin'ster 1 , 6 0 0 .  ' 

Brunette  Creek 30 

Port  Coquitlam 1,100 

Burnaby  (Big Bend) ' 1,000 
~ ~~ ~ 

Sub- to t a l :  Greater 
Vancouver Area 12,270 

Maple Ridge  600 

Albion . , 60- 

Mission  City . .  300 

Barnston  Island N .  A. 

Langley N. A. 

Harr ison Hot Spr ings  0 

Chi l l iwack  Ci ty  7' 

Chilliwhack Dis. 487b. 

, .  

" ' Sub- to ta l : .  East 
Fraser Valley 1 ;454 

Tota l  1'3,724 

Source:  Municipal  Zoning  Plans. 

a Excludes  Roberts Bank Port   and  back-up  lands.  

G . V . R . D . ,  1971 



- 113 - 
TABLE 13. 

HISTORICAL  AND  PROJECTED  INDUSTRIAL  DEVELOPMENT  ON  THE  FLOOD  PLAIN: 
1960 - 2000 

Are  a Acres of Industrial  Development 1960 - 2000 

1960a 1966a 1971a  1976 1981 1986 1991 1996 2000 

Richmond 525  700  830 980 1,155  1,355  1,580  1,880  2,120 
. .  

Queensborough 114 114 183 210 240 270 300 320  320 
Delta 80 165 210 260- 360 510 660 860 1,020 
South  Westminster 160 168 220 270 345 445 570 720 840 
Brunette  Creek 107 119 126 135 145 155 155 155  155 
Pox$ Coquitlam 32 59 127 200 300 425 575 725  845 

Burnaby (Big Bend) 4Sb 7Sb 125 175 325 475 625 775  895 

Sub-total:  Greater 
Vancouver  Area  1,063  1,400  1,821  2,230  2,870  3,635  4,465  5,435  6,195 

Map le Ridge 11 28 30 40 60. 85  125 175 215 
Albion 13 16 44 59 74 89 104 104 104 
Mission 23 28 30  32 34 36  41 46 50 
Harrison  Hot  Springs 2b Zb 2  2 2 2  2 2 2 
Chi 11 iwack  City gb 7 7  7 - 8  . 10 12 15 17 
Chilliwhack  Mun. gb 6 8 10 15 20 30 40 52 

Sub-total : East 
Fraser  Valley 61 87 121  150  1.93  "242  314  382 440 

Total  1,124  1,487  1,942  2,380  3,063  3,877  4,779  5,817  6,635 

a Source:  Municpal  records,  maps;  Estimate  based on air  photographs. 

1 
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TABLE 14 

0 

. 
HISTORICAL AND PROJECTED RATES OF INDUSTRIAL DEVELOPME'NT ON THE FLOOD PLAIN: 

196072000 

* 
~ Area Average  Annual Number o f  Acres Developed p e r  Year 

66  71 76 81 86  91 96 2000 

Richmond 29 26 30 35 40 45 60 60 

Queensborough 0 14 6  6 6  6 4 0 

Delta , 14 9 10 20 30 30 40 40 

South Westminster 1 10 10 15 20 , 25 30 30 

1960-  1966-  1971-  1976-  1981-  1986-  1991-  1996- 

Brunette  Creek 2  2 2 2 2 0 0 0 

Port  Coquitlam 5 . 13 15 20 25 30 30 30 

Burnaby  (Big Bend) 5 10 - . I O  
' 30 30. 30 '3 6 30 

0 

Average:  Greater 
Vancouver Area 56 84 83  128 153 166 194 190 

. Maple Ridge 3 . 4  2 4 5 8 10  10 
Albion 

Mission 

. 5  

1 
6 .  

0 

3 3 3 

. 4  .4   .4  

3 0 0 

1 1 1 

Harrison Hot Springs 0 .  0 0 0 0 0 '  0 0 

Chill iwack  City 0 0 $ 0  . 2   . 4  . 4  .6   .6  

Chi1  liwhack Mun. ' 0 . 4  . 4 '  1 ; 1 ,  2  2 3 

Average : East 
'Fraser Valleya 5  7  6  9 10 14 14  15 

f - 
. .  

Flood  Plain  Averagea  61  91  89  137  163 . 180 208 205 

a Tota ls  may no t  add  due to   rounding .  I 

I 

rj 
t 

D 
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and  have w e l l  developed  t ransportat ion  networks.  They too   should   exper ience  

r e l a t ive ly   h igh   g rowth   t h rough   t o  the y e a r  2000. .Other f l o o d p l a i n  areas 

. o f f e r  no s p e c i a l   a d v a n t a g e s   t o   i n d u s t r i e s .   T h e r e f o r e ,   i n d u s t r i a l   g r o w t h   i n  

these  areas w i l l  l i k e l y   b e  low ove r   t he   nex t  30 years.- 9 /  

DEPLETION OF AGRICULTURAL LAND 

Most p a r t s  of t h e   f l o o d p l a i n  w i l l  l o s e  l i t t l e  a g r i c u l t u r a l   l a n d  as 

a r e s u l t  of the  expansion  of   urban  and  industr ia l  areas. However, i n   t h e  

m u n i c i p a l i t i e s \ o f  Delta, Richmond, and Chilliwack, t h e  rate o f   i n d u s t r i a l  

and  urban  development w i l l  be   h igh  enough t o  cause a cons ide rab le   l o s s  of 

a g r i c u l t u r a l   p r o p e r t y  and  hgve an important  impact on p o t e n t i a l  damages.. 

I 

1 n 

1. ESTIMATING  IMPACT OF RESIDENTIAL  DEVELOPMENT 

S ince   t he re  is urban  sprawl i n   t h e   M u n i c i p a l i t i e s  of Richmond 

and Delta, i t  is d i f f i c u l t   t o   p r e d i c t  the amount of   farmland  that  w i l l  

be  absorbed as a r e s u l t   o f   r e s i d e n t i a l   e x p a n s i o n  i n  t h e s e  two areas. 

Urban-zoned areas of Richmond, for   ins tance ,   have .   an   average   dens i ty  of 

f ive   peop le   pe r  acre. New r e s i d e n t i a l  areas, on the   o the r   hand ,  are 

being  developed  with a dens i ty   o f   15   pe r sons   pe r  acre. Cle.arly,  much of 

the   an t ic ipa ted   popula t ion   growth  can be   channel led   in to   ex is t ing   u rban  

areas without  causing  farmland  to  be  withdrawn  .from  production. 

Based  on this obse rva t ion ,  i t  w a s  e s t i m a t e d   t h a t  Richmond and 

Delta would  lose  one acre of   cropland  for   every 30, peop le   added   t o   t he  

populat ion  (Table   15) .   Underlying  this  estimate is the   assumpt ion   tha t  

h a l f   t h e   p e o p l e  w i l l  l o c a t e   i n  new re s iden t i a l   deve lopmen t s   i n   ag r i cu l tu r -  

a l  land   and   ha l f  w i l l  move in to   ex i s t ing   l ow-dens i ty ,   non-ag r i cu l tu ra l  

areas. I m p l i c i t   i n   t h e  la t ter  case is the   assumpt ion   tha t  some people  

w i l l  occupy h igh   dens i ty  accommodations  such as condominiums  and apartments.  

- 9/ For a b r i e f   d e s c r i p t i o n   o f  some of the r e a s o n s   f o r   t h e   a n t i c i p a t e d  
growth i n  each d y k i n g   d i s t r i c t  , see Appendix F.2. 
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In   Chi l l iwack,  most  of t h e   l a n d  zoned fo r   u rban  use i s  farmland. 

Therefore ,  on the   a s sumpt ion   t ha t   popu la t ion   dens i t i e s   o f  new developments 

i n   t h e  area w i l l  not  change  over time, i t  w a s  . e s t ima ted   t ha t   one   ac re   o f  

cropland w i l l  b e   l o s t   f o r   e v e r y   1 2   p e o p l e  added to   t he   popu la t ion   (Tab le  

15) .  
I 

TABLE 15 

LOSS OF AGRICULTURAL LAND 

RICHMOND 
1. Loss t o   R e s i d e n t i a l  430 520' ' 630 120 ' - - 
2.  Loss t o   I n d u s t r i a l ,  15 0 175 . 200 225 30 0 2 40 

Total  Acreage  Lost 5 80 69 5 830 345 300 2 40 

DELTA . .  
1. Loss t o  Residential  90 . ' 120 15 0 190 250 - 
2. Loss t o   I n d u s t r i a l  50  100  ,150  150 200 160 

Total  Acreage.  Lost . . 140 220 300 340 450 160 

CHILLIWACK TOWNSHIP 
1. Loss to   Res iden t i a l   190  220 250 290 340 310 
2.  Loss t o   I n d u s t r i a l  0 5 10  . 10 10  10 

Total  Acreage  Lost  19 0 225 260 300 350 320 

2. ESTIMATING  IMPACT OF INDUSTRIAL  DEVELOPMENT 

V i r t u a l l y  a l l  indus t r i a l   g rowth  on t h e   f l o o d p l a i n  w i l l  occur  on 

l a n d   p r e s e n t l y   u s e d   f o r   a g r i c u l t u r a l   p r o d u c t i o n   i n  Richmond, Delta, and 

Chilliwack.  Therefore  one acre of a g r i c u i t u r a l   l a n d .  w i l l  be   taken  out  of 

product ion   for   every  acre occupied by new i n d u s t r i a l  developments 

(Table 15). 
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SUMMARY 

Because  of   the  long-term  nature   of   most   f lood  control   projects ,  

i t  is e s s e n t i a l   t o   i n c o r p o r a t e   f u t u r e   g r o w t h   - i n t o   a n a l y s e s  of t h e   b e n e f i t s  

of f lood   pro tec t ion ,   This   chapter ,   therefore ,   has   p ro jec ted   changes  

l i k e l y   t o   o c c u r   o n   t h e  Lower Fraser   f loodpla in   be tween  the   years   1971  and  

2000. 

Estimates of rates of  population  growth in   each   dyking  area 

were used  to   represent   growth rates of populat ion-oriented activities. 

Future  rates. were p r e d i c t e d   o n   t h e   b a s i s  of a n a l y s e s   o f   h i s t o r i c a l   t r e n d s ,  

l and  scarcit ies,  government p o l i c i e s ,   A d   z o n i n g   p l a n s .  

I n d u s t r i a l  growth  forecasts  were based  mainly on h i s t o r i c a l  

t r e n d s ,   b u t   p r o j e c t i o n s  were a d j u s t e d   t o   a c c o u n t   f o r   t h e   a v a i l a b i l i t y   o f  

l a n d  and  changes i n   i n d u s t r i a l  demands i n   t h e  Lower Mainland. 

Forecas ts  show that   urban  and  industr ia l   developments  w i l l  

c a u s e   s i g n i f i c a n t  amounts  of a g r i c u l t u r a l   p r o p e r t y  t o  be  withdrawn  from 

p r o d u c t i o n   i n   t h e   d y k i n g   d i s t r i c t s  of Richmond; -Delta, and  Chilliwack. 

Consequen t ly ,   l o s ses   o f   ag r i cu l tu ra l   l and  were e s t i m a t e d   f o r  these t h r e e  

areas b u t  were i g n o r e d   i n  a l l  o t h e r  areas i n   t h e   v a l l e y .  
. .  

CONCLUSION 

The p r i m a r y   f o r e c a s t s   p r e s e n t e d   i n   t h i s   c h a p t e r  are l a b e l l e d  

"most l ike ly"   because   they  are based   on   p ro jec t ions  of h i s t o r i c a l   t r e n d s  

mod i f i ed   t o   accoun t   fo r   p robab le   changes   no t   r e f l ec t ed   i n   h i s to ry . .  

S ince   t hese   p ro j ec t ions  are merely "most l ike ly" ,   they  may b e   h i g h e r  o r  

lower than   ac tua l   g rowth  on t h e   f l o o d p l a i n . . .  ' 

The  "'zero  growth" fo recas t   desc r ibes  an un l ike ly  minimum bound 

f o r   f u t u r e   f l o o d p l a i n  development.  Such a f o r e c a s t  makes i t  p o s s i b l e   t o  

assess the maximum impact that s t r ingen t   zon ing   r egu la t ions   cou ld  have 

on the s i z e  of p o t e n t i a l   f l o o d  damages.  However, it w i l l  be  approached 

o n l y   i f  the  British Columbia  Land  Commission retains i t s  f reeze   on   agr i -  

c u l t u r a l   l a n d .  
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Although  simple  projections were used ' to   p red ic t   fu tu re   cond i -  

t i o n s   i n   t h i s   s t u d y ,   t h e   r e s u l t s  are s u f f i c i e n t   f o r   e s t i m a t i n g   t h e   e f f e c t  

of   growth  on  potent ia l   f lood damages. I n  view  of  the small s i ze   o f   f l ood-  

p l a i n  areas and   t he   unce r t a in t i e s   i nhe ren t   i n   fo recas t ing ,   t he  use of  

more  complex procedures is unwarranted. 
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CHAPTER I X  

PROJECTIONS OF  FUTURE DAMAGES TO FLOO'D PLAIN ACTIVITIES 

INTRODUCTION 

I 

The va lue  of p o t e n t i a l   f l o o d  damages i n   a n  area may change  over 

time because  of  changes i n  the l e v e l  of  economic  development  and v a r i a t i o n s  

i n   t h e  real values  of  damageable  commodities. 

I f   t h e   l e v e l  of economic a c t i v i t y  on 'a f loodp la in  is e x p e c t e d   t o  

i n t e n s i f y   i n   t h e   a b s e n c e  of   improved   f lood   pro tec t ion   works ,   the   benef i t s  

of r a i s i n g   t h e   l e v e l  of p r o t e c t i o n  are cai led  normal   growth  benefi ts .  

These   benef i t s  are e q u a l   t o   t h e  amount by  which a p r o j e c t  is a b l e   t o   r e d u c e  

anticipated  increments  of  growth-induced damages (see Chapter I). 
I f ,  however ,   peop le   devo te   t he   f l oodp la in   t o   h ighe r   u ses   i n  re- 

sponse   t o   h ighe r   l eve l s   o f   p ro t ec t ion ,   t he   bene f i t s  of t h i s   p r o t e c t i o n  are 

ca l led   p ro jec t - induced   benef i t s .   These  are c l ea r ly   de f ined   i n   Chap te r  I. 

The present  chapter  describes  the  methods  used  to  project   changes 

i n  damages expec ted   t o   occu r  as a r e s u l t  of fou r   f ac to r s :   t he   expans ion   o f  

urban and i n d u s t r i a l  areas, i n c r e a s e s   i n   p r o d u c t i v i t y  i n  a g r i c u l t u r e ,   t h e  

convers ion   of"1and  in to   h igher  uses, and f l u c t u a t i o n s   i n   t h e  real va lues  of 

damageable  commodities. 

This   chapter   does   no t   ou t l ine   the   p rocedures   adopted   for   measur ing  

project-induced  growth. The v a r i a b l e s  and general  methods  involved i n   s u c h  

a measurement are p r e s e n t e d   i n  a t h e o r e t i c a l  form i n  Chapter I. Since  only 

a few small areas were expec ted   t o   r e spond . to - improvemen t s   i n   f l ood   p ro tec -  

t ion-works ,  a more d e t a i l e d   e x p l a n a t i o n  i s  not   warran ted .  

GENERAL METJ3OWLOGY 

Three p r i n c i p a l   p r o j e c t i o n s  of f u t u r e   p o t e n t i a l   f l o o d  damages 

were made i n  this a n a l y s i s  (Appendix G.  7) . Of t h e s e ,   t h e   f i r s t  was t h e  

most  comprehensive  and  most l i k e l y  estimate. It was based   on   p red ic t ions  

or   probable   changes  in   growth,   product ivi ty ,   and real va lues  of d i f f e r e n t  

f l oodp la in  act ivi t ies .  The second estimate provided a minim- (unl ike ly)  
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limit t o   t h e   r a n g e  of p o s s i b l e   f u t u r e  damages. It was c a l c u l a t e d  on t h e  

as,sumytion that the   1971   l eve l  of damages  would  remain  constant  over t i m e . -  

The f i n a l   p r o j e c t i o n  was d e s i g n e d   t o  show t h e   s e n s i t i v i t y  of damage esti-- 

mates t o  minor e r r o r s   i n   p r o j e c t i o n s .  It was computed  'simply  by r a i s i n g  

11 

t h e  "most l i k e l y "  rates of  change  f.or  each damage category by 1% p e r  annum. 

The "most l i k e l y "  estimates of f l o o d  damages f o r   t h e   p e r i o d   1 9 7 1  
,- 

t o  2000 were based.on  the  fol lowing  general   premises  : 1)   t echno log ica l  

developments .wil1  not  a l ter  the  fundamental   unit   stage-damage  functions 

that p r e s e n t l y   e x i s t   f o r   r e s i d e n t i a l ,   i n d u s t r i a l  and  commercial  properties, 

2)  the  f lood  hazard  percept ion  of   f loodplain  occupants  w i l l  remain  constant ,  

3) the   r e l a t ionsh ip   be tween   d i r ec t  and i n d i r e c t   i n d u s t r i a l   l o s s e s ,   b a r r i n g  

p r i c e   f l u c t u a t i o n s  , w i l l  not  change, and 4 )  the   re la t ionship   be tween resi- 

d e n t i a l   d i r e c t  damage, e x t r a  food  costs ,   the   value  of   the l o s s  of  use  of 

dwellings , and  commercial  and  school damages w i l l  no t   va ry   excep t   fo r  

ad jus tmen t s   i n  real va lues .  

No changes i n ,   t h e   a n n u a l   v a l u e  of  damages were p red ic t ed  beyond 

the   yea r  2000. It was f e l t   t h a t   p r o j e c t i o n s   i n t o .   t h e   d i s t a n t   f u t u r e  would 

be   comple t e ly   a rb i t r a ry   because   o f   unce r t a in t i e s   a s soc ia t ed   w i th   a l t e r a t ions  

i n  growth rates , zoning  plans , technology  and real values.  Consequently , 
holding  annual  damages c o n s t a n t   a f t e r   t h e   y e a r  2000 w a s  considered a t  least 

as realist ic as specu la t ing  on changes. 
, .  

PROJECTIONS OF INCREASES I N  RESIDENTIAL. 
COMITERXIAL AND MISCELLANEOUS  DAMAGES 

F u t u r e   p o t e n t i a l  damages t o   r e s i d e n t i a l  and  commercial  properties 

were es t imated  by a d j u s t i n g   t h e   e x i s t i n g   l e v e l   o f  damages a t  a rate equa l  

t o  the '   p ro jec ted  rate of   increas 'e   in   the ,   popula t ion   of   each   dyking  area 

(Chapter  VIII) .   These estimates were based on the   assumpt ion   tha t  damages 

would i n c r e a s e   i n   d i r e c t   p r o p o r t i o n   t o   p o p u l a t i o n .  

This   assumption  should  prove  accurate  'mless a r a d i c a l  change 

occurs  in t h e   r a t i o  between  apartments  and  single  family  units  and condo- 

- 1/ It i s  comparable  with  the.   1963 estimate (Fraser   River   Board,   1963) .  
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miniums. I f   t h i s   h a p p e n s ,   t h e   p r e d i c t e d  damage estimates f o r   r e s i d e n t i a l  

dwell ings may b e   d i s t o r t e d .  However, the s i z e   o f   t h e   p o t e n t i a l  damages 

will be   a ' r fec ted   se r ious ly   on ly   i f  there is a very l a rge   change   i n   t he  

a p a r t m e n t - s i n g l e   f a m i l y   u n i t   r a t i o .   S i n c e   t h i s  is unl ike ly ,   unadjus ted  

rates of  population  growth were u s e d   t o  estimate f u t u r e   r e s i d e n t i a l  

damages. 

Rates of population  growth were a l s o   u s e d   t o   p r e d i c t   c h a n g e s   i n  

damage t o   o t h e r   t y p e s  of act ivi t ies .  These activi.ties f a l l   i n t o   t h e  

fo l lowing   ca tegor ies  : extra food   cos ts ,   evacuat ion   cos ts ,   va lue   o f   the  

lo s s   o f   u se  of  dwellings , school  damages , and  damages t o  sewage, water and 

g a s   d i s t r i b u t i o n   s y s t e . h .  

Road damage was assumed. t o  remain  constant  over time even  though 

t h e r e  may be  some correlat ion  between  populat ion  growth  and  road  bui lding 

i n   p a r t s  of t he   F rase r .  This approach was adopted  because  of  the  question- 

able   accuracy of p re sen t  estimates of road damage. 

FZPTURE AGRICULTURAL  DAMAGES 

Two: major   fac tors   (exc luding   pr ice   changes)  w i l l  probably  have 

a dominant  in'fluence on t h e   s i z e  of t h e   p o t e n t i a l '   a g r i c u l t u r a l   f l o o d  

damages i n   t h e   f u t u r e .  One is t h e   l o s s   o f   a g r i c u l t u r a l   l a n d   t o   r a p i d l y  

expanding  urban  and  industr ia l  areas; t h e   o t h e r ,  changes i n   a g r i c u l t u r a l  

p roduc t iv i ty .  Both o f , t h e s e   f a c t o r s  were i n c o r p o r a t e d   i n t o  the assessment 

of f u t u r e  damages. 

In   Chapter  V I I I ,  i t  was s u g g e s t e d   t h a t   o n l y   i n   t h e   m u n i c i p a l i t i e s  

of Richmond, ,Delta and  Chill iwhack  would  significant amounts  of l a n d   b e  

conve r t ed   f rom  ag r i cu l tu ra l   t o   u rban   and   i ndus t r i a l   u se   du r ing  the pe r iod  

1 9 7 1   t o  2000/' To account   for  the e f f e c t  of t h i s   expans ion '  on t h e   s i z e  of 

f u t u r e   a g r i c u l t u r a l  damages, estimates of   1971  po ten t ia l '   c rop  damages i n  

t h e   t h r e e   m u n i c i p a l i t i e s  were reduced  over time i n   d i r e c t   p r o p o r t i o n   t o   t h e  

p r o j e c t e d   d e c l i n e  of farmland  (Table 15, Chapter VIII).- 2' Estimates of 

. 

21 On Lulu   I s land ,   on ly   pas ture   and   hay   acreage  was e x p e c t e d   t o   b e  removed 
from  production as a resul t   of   expanding  urban and i n d u s t r i a l  areas; 
f u t u r e   a g r i c u l t u r a l  damages were adjuste .d   accordingly.  
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p o t e n t i a l   l o s s e s  of  animals  and  animal  products  were  not  adjusted  because 

i t  was assumed that the  impact  of  urban  expansi,on  would  be  reflected  only 
. i n   r e d u c t i o n s   i n   a g r i c u l t u r a l   c r o p  damage. 

A s tudy .   o f   p robab le   i nc reases   i n   t he  volume .of Lower ,F rase r  . _  . .  
8 agricul tural   products   between  t965  and  1985  (Carne,   1966)  showed t h a t  

r i s i n g   p r o d u c t i v i t y  would be   impor t an t   i n   shap ing   t he   cha rac t e r i s t i c s  

o f   a g r i c u l t u r a l   c o n d i t i o n s  (and  flood damage) i n   t h e  whole  valley.   These 

product ivi ty   changes were i n c o r p o r a t e d   i n t o   t h e . p r e s e n t   a n a l y s i s   i n   s e v e r a l  

s t e p s .   F i r s t ,   t h e   e s t i m a t e d   i n c r e a s e s   i n   t h e  volume  of i nd iv idua l   p roduc t s  

(Appendix G.l) were g rouped   i n to   s ix   ca t egor i e s .  Then,  average  annual rates 

of i n c r e a s e  were computed f o r   e a c h   c a t e g o r y   f o r   t h e   p e r i o d s  1971-1975,  1975- 

1985,  and  1985-2000  (Table  16).  These  average ra tes  formed t h e   b a s i s   f o r  

measur ing   the   e f fec t   o f   p roduct iv i ty   improvements   on   fu ture   agr icu l tura l  

flood  damages. 

The rates of i n c r e a s e  of t o t a l   p r o d u c t i o n   i n  T a b l e  16 r ep resen t  

pro jec ted .   ou tput   changes   for   the   en t i re   Fraser .   Val ley .  It  was assumed t h a t  

t h e  rates predic ted   for   da i ry ,   beef ,   and   swine   p roduct ion  would hold  t r u e  

for  each  dyking area. It was a l s o  assumed tha t   phys ica l -  31 c r o p   y i e l d s   i n  

each area would  change a t  the  val ley-wide rates.- & /  However, s i n c e   t h r e e  

c rop   ca t egor i e s  were involved ,  an' add i t iona l   . p red ic ' t i on   had   t o   be  made of 

t h e  way i n  which  each area would  accommodate the   c rop   product ion   increases .  

This was necessa ry   t o   enab le   t he   ca l cu la t ion   o f   , t he   ave rage   annua l  rate of 

change in   t o t a l   c rop   p roduc t ion   fo r   each   dyk ing  area. 

The  annual ra te  fo r   each  area was computed by taking  an  average 

of  high  and low estimates of   future   product ion. .  The h igh  estimate was 

based on the  ass 'urnpt ion  that   vegetable   .and.   f rui t   -product ion  would  increase 

a t  t h e  same rate .  i n  each area while  ' fodder  production. would  remain  constant. 

This   could   occur   under   th ree   condi t ions .   Product iv i ty   on   ex is t ing   vege tab le  

- 31 Phys ica l   ou tpu t  was e q u a t e d   t o   t h e   1 9 7 1   d o l l a r   v a l u e  'of t h e   p r o d u c t s ;  . 

- 41 I n i t i a l l y ,   p r o j e c t i o n s   i n  - a l l  areas were.made  under  the  assumption  that  

" p r o d u c t s "   i n   t h i s  case rea l ly   r e f e r s   t o   " ca t egor i e s   o f   p roduc t s " ,  i . e .  
vege tab les ,  'small f r u i t s .  and  pasture  and fodder.  

t he   ac reage   unde r   ag r i cu l tu ra l   u se  would  remain  constant. The C h i l l i -  
whack, Delta and Richmond p r o j e c t i o n s  were then  reduced  to  take i n t o  
account   the number  of acres l o s t   t o   u r b a n  and indus t r i a l   expans ion .  



AVERAGE ANNUAL PERCENTAGE CHANGE I N  PRODUCTION'OF 
SPECIFIC AGRICULTURAL PRODUCTS - 'LOWER FRASER  VALLEY-1971 TO ZOO0 

A g r i c u l t u r a l  Average  Annual  Percentage  Changes 
Group In   P roduc t ion  - Lower Fraser   Val ley -, 

1971-1975  1975-1985 1985-20003 

P a s t u r e  and  Fodder 0 

Veget  ab les 2.4 

S m a l l  F ru i t s   7 .0  

0 

1 . 4  
3.3 

0 

1 .0  

3.0 
~~ 

Dairying  (milk) 

Beef 

Swine 

2 .7  

1 . 0  

1 .0  

2.4 1 .0  

2.4  2.4 

9.9  0.8 

- a /  Projected  f rom  previous  years  

Source:  Appendix G. '1  

and f r u i t  acreageL'  might rise t o  meet e x p e c t e d   i n c r e a s e s   i n   o u t p u t ;   i n  

t h i s   ca se ,   p roduc t iv i ty   on   fodde r   l ands  would not  change.  Farmers  might 

conver t   fodder   l and   in to   vege tab le   and   f ru i t   p roduct ion   to  meet t h e   a n t i c i -  

pa ted   increases ;   fodder   p roduct ion   per  acre would  then  have  to  rise t o  

accommodate the   l o s s   o f   ac reage  and  'maintain  fodder  output a t  a cons tan t  

l e v e l .  A combinat ion  of   the two previous  condi t ions  might   occur .  

The  low estimate was derived  on  the  basis   of   the   assumption 

t h a t   f r u i t  and  vegetable  production  would  expand  only by d isp lac ing   fodder  

crops.   Fodder  production  would  then  decline a t  the  same rate a t  which i t  

was d isp laced .  

L i t t l e  d i f f e r e n c e  was found  between  the  high  and  the  low estimates. 

Only dur ing   t he   pe r iod  1971-75 was the   d i f fe rence   s ign i f icant   and ,   even  

then,  i t  was s i g n i f i c a n t   o n l y   i n  areas expected  to   undergo.   major   increases  

- 51 I n c r e a s e s   i n   p r o d u c t i v i t y  on ex i s t ing   vege tab le   and   f ru i t   l and   cou ld  
occur   with  improvements   of   s t ra ins   or   shif ts   f rom low t o   h i g h   y i e l d  
vege tab les   and   f ru i t s .  

. 
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9 '  

i n   vege tab le   and   f ru i t   p roduc t ion .   The re fo re ,  Q a l though  the  average rates 

p r e s e n t e d   i n  T a b l e  1 7  may deviate  from the ac tua l ,   t hey  are probably a good 

measure of po ten t ia l   p roduct iv i ty   changes .  

PROJECTIONS OF INCREASES IN INDUSTRIAL ~ O O D  DAMAGES 

Damages t o   f u t u r e   i n d u s t r i a l   e s t a b l i s h m e n t s  were ca lcu la ted   by  

applying estimates o f   c u r r e n t   p o t e n t i a l  damages p e r  acre of i n d u s t r i a l  

l a n d   t o   p r o j e c t i o n s   o f   a n n u a l   i n c r e a s e s   i n   i n d u s t r i a l   a c r e a g e   ( C h a p t e r  

.VIII). I n   t h i s  manner,   annual  increments  in 'damages  result ing  from  given 

f lood   leve ls   were 'de te rmined   for   each   dyking  area. 

1. CALCULATING AVERAGE STAGE-DAMAGE  RELATIONSHIPS 
PER ACRE OF FUTURE INDUSTRIAL LAND 

The average damage p e r   f o o t   o f   f l o o d i n g   p e r  acre of  developed 

i n d u s t r i a l   l a n d  w a s  found   t o   va ry   d rama t i ca l ly  among d i f f e r e n t   r e g i o n s  on 

the   f loodpla in .   S ince   such  a v a r i a t i o n  w i l l  p r o b a b l y   a l s o   e x i s t   i n  areas 

of fu tu re   i ndus t r i a l   deve lopmen t ,  two ' d i s t i n c t  stage-damage r e l a t i o n s h i p s  

were computed as a b a s i s   f o r   a s s e s s i n g   f u t u r e   p o t e n t i a l  damages. One 

r e p r e s e n t s   t h e   i n d u s t r i a l  areas near  Vapcouver,  and  the  other,  the  remain- 

i n g   i n d u s t r i a l  areas i n   t h e   v a l l e y .  

The damage f u n c t i o n   f o r   t h e  Vancouver area was derived:  from  1971 

f i e l d   s u r v e y   r e s u l t s   f o r   L u l u   I s l a n d .   T h i s  was done, f i r s t ,  by  computing 

p o t e n t i a l   d e p t h s  of f looding   above   f loor  levels f o r  a l l .  i n d u s t r i e s  on t h e  

i s l a n d :  these   depths  were found  to   range  f rom 0 t o  5 f e e t   i n  a 23-foot 

f l o o d   a i d  0 t o  7 f e e t   i n  a 26-foot  f lood, 'Then, average  depths  of  1.2  and 

1.4 f t  . were c a l c u l a t e d   f o r   t h e   r e s p e c t i v e   f l o o d  levels.  Next,  average 

damages'  per. acre corresponding  to   . the  two average '   f lood  depths  were 

der ived  by d i v i d i n g   t h e   e s t i m a t e d   t o t a l   d i r e c t   i n d u s t r i a l  damages i n   t h e  
- ..* 23  and  26-foot  f loods-  61  by  the  island's  1,013 acres o f . i n d u s t r i a 1   l a n d .  

t - 6/  The damages were $6,542,000  and.  $7,363,000  respectively. Damage t o  one 
major   indus t ry   f looded   to  a dep th   o f ,one   foo t   i n   t he   26 - foo t   f l ood  w a s  
excluded  from the ca lcu la t ions   because  it w a s  atyp'ical. Its i n c l u s i o n  
would have d i s t o r t e d  the r e s u l t s .  



- 125 - 
TABLE 17 

AVERAGE ANNUAL PERCENTAGE INCREASE IN 

AGRICULTURAL CROP PRODUCTION IN RELEVANT D Y K I N G  AREAS ' 

1971 TO 2000 

0 

Expected Rates of  Increase 
Areas Likely  to  of  Production  (%/Year) 
Exper ience   S igni f icant  
Increases   in   Product ion 1971-  1975  1975-1985  1985-2000 

Richmond 4.5  2.5  2.5 

Delta 1 .5   1 .0   1 .0  

Glen Val l e y  2 .0 .  1.0 : 1 .0  

Matsqui 2 .0  1.0  1.0 

Sumas 2 .5   1 .5   1 .5  

Chi 1 liwack  3.5 2 . 0  2 .0  

West Nicomen 

East N i  comen 

1 .0   1 .0  

1 . 0  0.5 

1 . 0  

0.5 

Dewdney-Hatzic  2.0 1.. 0 1.0 

Albion 2 . 0  1 .0   1 .0  

Maple Ridge 3.0 2.0 2.0 

P i t t  Polder   2 .0   1 .0   1 .0  
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These  averages were, i n   t u r n ,   d i v i d e d  by. 1.2 and 1.'4 , f e e t   r e s p e c t i v e l y   t o  

ob ta in  a n .  estimate . o f   t h e  damage that would  occur i n  a f lood  having an 

average  depth  of   one  foot .   Since '  the computed estimates of damages, a t  one 

f o o t  were similar f o r   b o t h   c a l c u l a t i o n s  (i.e. $5,400  and  $5,200 p e r   a c r e ) ,  

they were used   t o   cons t ruc t  a stage-damage  curve  based.  on  the  assumption 

t h a t  damages are d i r ec t ly   p ropor t iona l   t o   f l ood   dep th . -  7' Thus,   the   average 

\ 

damage i n  a one-foot   f lood  , (assumed,   to   be $5,200) was e x t r a p o l a t e d   t o  form 

a stage-damage curve . represent ing   the   ex is t ing   s tage-damage   re la t ionship  

p e r  acre of   indus t r ia l   l and   on   Lulu   I s land   (Appendix  G.2). 

The p r e d i c t i v e   c a p a b i l i t y  of t h i s  stage-damage  curve was t e s t e d  

by apply ing   the   curve   to   the  known d i s t r i b u t i o n  o.f the   depths  of f lood ing  

of i n d u s t r i e s  on  Lulu I s l and .  The r e su l t i ng   ' ' p r ed ic t ions"  were w i t h i n  4% 

of t h e   a c t u a l  damage estimates. 

This  stage-damage  function w a s  adopted as the   p robable   average  

s tage-damage  curve.   of   future   industr ia l   f loodplain  developments   in  Richmond, 

Queensborough, Delta, and  the  Big Bend area of Burnaby. However, because 

of  apparent  differences  between  stage-damage  'curves  of  Lulu  Island  indus- 

tries and   t hose   o f   i ndus t r i e s   l oca t ed   i n   t he  Lower Fraser  Valley  upstream 

from  Queensborough, a second  "val ley"  , funct ion was i d e n t i f i e d .  

A s imple method w a s  u sed -   t o   de t e rmine   t he   va l l ey   func t ion .   Ex i s t -  

i n g   p o t e n t i a l   i n d u s t r i a l  damages r eco rded 'du r ing   t he  1971 f i e l d   s u n e y   i n  

areas above  Queensborough were l i s t e d   f o r   f l o o d   d e p t h s   o f  up t o   s e v e n   f e e t .  

F o r   c e r t a i n   i n d u s t r i e s ,  some damages had  not   been  recorded  over   the  ent i re  

seven-foot   range .   For   these ,   the   miss ing   in foqa t ion  w a s  ex t rapola ted   f rom 

the   ava i l ab le   da t a .  Average  damages p e r ,  acre pe r   foo t   o f   f l ood ing  were then 

calculated  for   South  Westminster ,   Brunet te   Creek,   Port   Coqui t lam,   Albion,  

arid Mission,  and a composite  function was der ived  t o  r e p r e s e n t   t h e  

p o t e n t i a l   i n d u s t r i a l  damages t o   f u t u r e   i n d u s t r i e s   l o c a t e d   u p s t r e a m  from 

Queensborough  (Appendix G. 2) .  

. .  

. L  

The composi te   funct ion was t e s t e d   i n   e a c h   " v a l l e y "  area on t h e  
I 

f l o o d p l a i n   i n   t h e  same way t h a t   t h e  downstream  curve w a s  t e s t e d  on  Lulu 

I s l a n d .  It proved  capable  of  providing estimates t h a t  were w i t h i n  10% of 

the measured damage i n   e a c h  area. 

- 7/ For  f lood  depths  of  from 1 t o  7, f e e t .  
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several r e a s o n s   f o r   t h e   l a r g e  

Upstream Damage Functions  and 

E '  

discrepancy  between  ' the 

f o r   t h e  development  of 
/ 

s e p a r a t e   c u r v e s   t o   r e p r e s e n t   t h e  two d i f f e r e n t   p a r t s   o f .  the v a l l e y .  The 

most  important, are the f.ollowing : 

- 

1: The i n d u s t r i a l  mix i n  Richmond is  d i f f e r e n t   f r o m   t h a t   i n  
1) 

t h e   v a l l e y .  

2. I n d u s t r i e s   t e n d   t o   u s e   l a n d  less i n t e n s i v e l y   i n   t h e   v a l l e y  

than  on t h e   i s l a n d ,  i. e. 70% of t h e   t o t a l   i n d u s t r i a l  

acreage   on   the   i s land  was repor t ed   by   t he   i ndus t r i e s  as 

being   "ac t ive ly"   used;   on ly  40% was repor ted  as s u c h   i n  

t h e   v a l l e y  .- 8/ 
3 .  I n d u s t r i a l   l a y o u t s  may d i f f e r   be tween   t he  two  regions.; 

machinery  and  inventory  components  of  the  industries may 

h a v e   d i s t i n c t i v e   c h a r a c t e r i s t i c s   i n   e a c h .  

While i t  is  p o s s i b l e   t o   s p e c u l a t e   t h a t  areas such as Coquitlam 

and  South  Westminster  lying'near  Vancouver w i l l  e v e n t u a l l y   e x h i b i t  

i ndus t r i a l   cha rac t e r i s t i c s   app roach ing   t hose   cu r ren t ly   found  on  Lulu  Island, 

no  such  conjectures  were made i n   t h i s   s t u d y .  Growth pro jec t ions   (Chapter  

VII I )  were based on the   a s sumpt ion   t ha t  relative i n t e n s i t i e s  of l and   u se  

would  remain  unchanged  because  zoning  restrictions were known t o   f a v o u r  

t h e   t y p e s   o f   i n d u s t r i e s   c u r r e n t l y   f o u n d   i n . t h e s e . a r e a s .   F o r   t h i s   r e a s o n ,  

no  reconci l ia t ion  of   "Val ley"  and  "Lulu  Is land" damages appeared  necessary: 

the two-function  approach  seemed least l i k e l y   t o   d i s t o r t  estimates of 

f u t u r e   i n d u s t r i a l  damages. 
\ 

2 .  CALCULATION OF PROBABLE  FUTURE  FLOOD  DEPTHS 

Before  the  s tage-damage  curves   could  be  used  , to   predict   future  

0 damages,  depths of f l ood ing  above  main f l o o r s  of p r o s p e c t i v e   i n d u s t r i e s  

had   to   be   de te rmined .  These depths  were es t imated   for   Lulu   I s land . ,  Delta 

and t h e   B i g  Bend area on t h e   b a s i s   o f  the cha rac t e r i s t i c s   o f   ex i s t ing   Lu lu  

I s l and   i ndus t r i e s .   F i r s t ,   f l ood   dep ths   above   g round  level were c a l c u l a t e d  

f o r  areas o n   L u l u   I s l a n d   i n  which i n d u s t r i e s  are p r e s e n t l y   s i t u a t e d  (see 

Chapter 111). Secondly, an average  f lood  depth was computed fo r   each   f l ood  

8 /  I n d u s t r i a l   Q u e s t i o n n a i r e   r e s u l t s .  

(. 
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level.  Thirdly,   th ip   average,  was compared with  the  average  f lood  depth  above 

f l o o r   l e v e l s   o f - e x i s t i n g   i n d u s t r i e s   ( d e t e r m i n e d   i n   t h e  1 9 7 1  i n d u s t r i a l  . .  f i e l d  

survey)  and a r a t i o  w a s  c a l c u l a t e d  (Appendix G..3). F i n a l l y ,   t h i s   r a t i o  was 

mul t ip l i ed  by the  average  f lood  depth  above  ground  level   in  areas f o r  which 

' industr ia l   development  was p r e d i c t e d .   I n   t h i s  way, average  depths  of  f lood- 

ing   above   f l oo r   l eve l s   o f   fu tu re   i ndus t r i a l '  c'omplexes were . e s t a b l i s h e d   f o r  

t he   t h ree   mun ic ipa l i t i e s .  

. ,  

. .  

A s  con t ro l   va r i ab le s ,   t hese   ave rages  fiere use fu l .  However be fo re  

u n i t  s tage-damage  funct ions  could  'be   introduced  into  the  analysis ,   fur ther  

information was requi red  on the  range  of   f lood  depths  upon which these  

averages were dependent .   Therefore ,   hypothe t ica l   d i s t r ibu t ions   o f   f lood  

depths  were es t imated  on t h e   b a s i s   o f   t h e   d i s t r i b u t i o n  of  f lood  depths  over 

e x i s t i n g   L u l u   I s l a n d   i n d u s t r i e s .   - T h e s e   d i s t r i b u t i o n s  were a d j u s t e d   t o   s u i t  

each area s o  t h a t  when they were averaged , '   the   resu l t s  were' cons i s t en t   w i th  

the  averages ca l cu la t ed  as c o n t r o l   v a r i a b l e s .  I n  t h i s  way, the   percentage  

o f   f , u tu re   i ndus t r i e s   t ha t  would b e   f l o o d e d   t o   d i f f e r e n t   d e p t h s   i n   v a r i o u s  

f loods  was established  (Appendix G.  3) . . .  

. For  the  industries  located  'upstream  from  Queensborough,  the 

expected  depths  of  f looding  above  f loor levels were de termined   d i rec t ly  

from d a t a  on e x i s t i n g   i n d u s t r i e s   i n   e a c h  .area (Appendix G . ' 3 ) .  This  was 

poss ib l e   because   po ten t i a l   f l ood   dep ths  on ' ex is t ing   and   fu ture   Tndus t r ia l  

l a n d   i n -   t h e s e   d i s t r i c t s  are similar. 

. .  

. . .  

3. AVERAGE DAMAGE PER ACRE OF FUTURE INDUSTRIAL. LAND 
. .  

Pr imary   d i rec t  damages p e r  acre o' f  f u t u r e   i n d u s t r i a l   l a n d  were 

e s t i m a t e d   f o r   d i f f e r e n t   f l o o d  levels .by applying  the  stage-damage  functions 

of  Appendix G. 3 to   the   p robable   fu ture   f lood   'dep ths   ' in '   each  area (Appendix 

G.3).  The r e s u l t i n g  damages p e r  acre i n   ' v a r i o u s   f l o o d s  are sh'own i n  

Appendix G. 4.  

.~ 

. .  . .  

Pr imary   and   secondary   ind i rec t .   losses .   to   fu ture   indus t r ies  were 

c a l c u l a t e d  as s imple   pe rcen tages   o f . t he   p ro j ec t ed   p r imary   d i r ec t  damages. 

The r e l a t i o n s h i p  now ex i s t ing   be tween   i nd i r ec t   and   d i r ec t   i ndus t r i a l  - . ' 

damages was measured  and  found to   be  approximately 0.5 : 1 i n   L u l u   I s l a n d  

and 0.7 ': l ' i n  areas upstream  from  Que'ensborough.  -These r a t i o s  were 

app1,ied t o  - the  estimates o f   d i r e c t  damages' of  .Appendix G.4 t o   d e r i v e   t h e  

expec ted   i nd i r ec t   l o s ses   pe r  'acre i n  Appendix G.5. ' ' 

, . .  . 
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P r o j e c t i o n s  of t o t a l   i n c r e a s e s   i n   i n d u s t r i a l  damages. pe r   yea r  

were then  made by  combining the   e s t ima ted  rates of  development  of new 

i n d u s t r i a l   a c r e a g e ' d e r i v e d   i n   C h a p t e r  VI11 wi th   t he   "pe r  acre"' s tage-  

damage curves  of  Appendices G.4 and 'G..5. 

4 .  IMPACT OF P R O D U C T I V I ~ ~  CHANGES ON INDUSTRIAL LOSSES 

P o t e n t i a l   e f f e c t s ,  of productivity  changes on i n d u s t r i a l   d i r e c t  

a n d   i n d i r e c t   l o s s e s   i n i t i a l l y  were exc luded   f rom  th i s   ana lys i s .  However, 

when i t  was found   t ha t  real incomes in   t he   manufac tu r ing   s ec to r   had   r i s en  

o v e r   t h e   p a s t  two decades  while   pr ices   of   manufactured  products   had re- 
mained r e l a t ive ly   con . s t an t ,  i t  w a s  d e c i d e d   t h a t   e f f e c t s  of p o s s i b l e  prod-, 

u c t i v i t y  changes  should  be  incorporated  into  the  assessment  of f u t u r e  

losses .   Consequent ly ,   the  "most l i k e l y "   p r o j e c t i o n s  were based  on assump- 

t i o n s   o f   p o s i t i v e   p r o d u c t i v i t y   s h i f t s   f r o m   1 9 7 1   t o   t h e   y e a r  2000. The 

impact   of   these  assumptions,was  subsequent ly   tes ted by inco rpora t ing  an 
assumption  of "no p roduc t iv i ty  changes" i n t o .  a second  pro jec t ion   based  on 

assumptions of  "most l i k e l y  growth"  and  "zero  price  changes'' (see 

footnote   10) .  

The conclusion that  s ign i f i can t   p roduc t iv i ty   changes   i n   t he  

manufac tur ing   sec tor   have   occur red   and   could ,   cont inue   to   occur  w a s  drawn 

from  an  assessment  of  data  from two sources .  One was a series o f   s tud ie s  
. .  

by the  Economic Council   of  Canada,  and  the  other,   crude  trend  analyses of 

real wage  and p r i c e  changes i n   B r i t i s h  Columbia. 

Economic Counci l   s tud ies  of Canadian   pkoduct iv i ty   in  the manufac- 

tur ing  sector   between  1947  and  1967  showed. ' that ,  on average,  labour  produc- 

t i v i t y   r o s e  by  about  3.5%  per annum and f ac to r   p roduc t iv i ty   by   abou t  3.0% 

p e r  ,annum (Economic Council,  1970:  95-96;  Pos.tner,  1971).  These  studies 

a l s o  showed t h a t  , i n   t h e  wood products   manufactur ing  industry,   important  

i n   B r i t i s h  Columbia, ,   labour  productivity  rose by ,more  than 4.0% p e r  annum 

dur ing   t he  1957-1967 per iod ,   and   fac tor   p roduct iv i ty  by  more than  3.5% p e r  

annum (Postner ,   1971) .  The Economic Counci l   an t ic ipa ted  that  similar 

changes  would  occur up t o  a t  least 1980. 

An ana lys i s   o f  wage  and p r i c e   t r e n d s   i n   B r i t i s h  Columbia  done 

f o r   t h e   p r e s e n t   s t u d y   a l s o  showed that s igni f icant   p roduct iv i ty   changes  

have occurred   in   the   manufac tur ing   sec tor . .  R e a l  wages, as i n d i c a t e d  by 

. 
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t h e   I n d u s t r i a l  Composi te   Index   def la ted   to   account   for   in f la t ion ,   rose  by 

more than  3.0%  per  annuq  between  1955  and  1971  and by  3.5%  from  1966 t o  

1971. Over the same per iod ,  few p o s i t i v e   ! c h a n g e s   i n  real p r i c e s   o f  manu- 

f ac tu red   p roduc t s   occu red   (S ta t i s t i c s  Canada,  1970, No. 11-505: 63).  

. 

I Moreover, the p ropor t ions  of t h e   t o t a l   v a l u e  of  manufactured  products 

cons is t ing   o f  wages  and salaries, on t h e  one  hand,  and t o t a l   v a l u e  added 

by manufac tu r ing   on   t he   o the r ,   have   r ema ined   f a i r ly   cons t an t   i n   Br i t i sh  

Columbia ove r   t he   pas t  20 yea r s .  Such  evidence  suggests  that   manufactur- 

i ng   i ndus t r i e s   have   u sed   bo th   cap i t a l  and  labour   increasingly more 

e f f i c i e n t l y   o v e r  time, and, i f   t h e   t r e n d   c o n t i n u e s ,   l a b o u r  and f a c t o r  

product ivi ty   changes  could  have  an  important   impact  on t h e  s i z e  of bo th  

d i r e c t   i n d u s t r i a l   f l o o d   l o s s e s  and  income l o s s e s .  

I n  an a t t e m p t   t o   p r e d i c t   t h e   e f f e c t  of product ivi ty   changes on 

f l o o d   l o s s e s ,  two sets of  assumptions were e,xamined. The f i r s t  was t h a t  

t o t a l   p r o d u c t i o n  and  value  added  per acre would  remain  constant ,   factor   and 

labour   product ivi ty   would rise by 3.5% p e r  annum, and t h e   p r i c e s  of manu- 

factured  products  would  not  change./  The  second was t h e  same . a s  t h e   f i r s t  

except   tha t   p roduct ion  . .  . was assumed t o   i n c r e a s e  a t  3.5% p e r  acre p e r  annum 

ins t ead   o f  0.0%. J 

C l e a r l y ,   i f  the f i rs . t   combinat ion of assumptions i s  t o   p r o v e  

real is t ic ,  t h e  number o f   l aboure r s   pe r  acre m u s t  f a l l   r a p i d l y   i n   t h e  

fu tu re .  Although'  no accu ra t e ,  statistics on   worker , .   dens i t ies   per  acre i n  

. 

t h e  Lower Mainland e x i s t ,   t h e r e  is ' r ea sonab le   ev idence   t o   sugges t   t ha t   t he  

r a p i d   d e c r e a s e   i n   d e n s i t y   r e q u i r e d   t o  mee't these  assumptions w i l l  no t  

l i k e l y   o c c u r .   F o r   i n s t a n c e ,   i n   o l d e r  ' c i t i e s  a maximum dec l ine   i n   worke r  

dens i ty   o f   on ly   10%  pe r   decade . i s  - .  predic ted .   Moreover ,   the   c rude   f igures  

a v a i l a b l e   f o r   t h e  Lower Mainland   ind ica te   tha t  a s l i g h t   i n c r e a s e  may occur  

i n   t h i s  area (de  Chiara,  1969 ; Herman,  1969 ; G .V.  R. D. , 19.71:  74). From 

t h i s   i n f o r m a t i o n  i t  was c o n c l u d e d   t h a t   t h e   f i r s t  set of  assumptions is 

probably  untenable   and  therefore  i t s  impact on f lood  damage estimates was 

n o t  examined f u r t h e r   i n   t h i s .   s t u d y .  

.. . 

I 

- 9 /  It was necessa ry   t o   i nc lude   p roduc t ion   pe r  acre because  of   the rrareal't 
c h a r a c t e r i s t i c s  of .&he f lood  'damage -estimates. 



The second  combination  of  assumptions  would  be  roughly  consistent 

w i t h  a constant   worker   densi ty   in   the  manufactur ing  sector .   Because  of   the 

l a c k  of e v i d e n c e   t o   i n d i c a t e  a s i g n i f i c a n t   d e v i a t i o n  from t h e   p r e s e n t  

d e n s i t y ,   t h i s  w a s  accepted as a r e a s o n a b l e   p o s s i b i l i , t y   f o r   t h e  "most l i k e l y "  

p ro jec t ion .  On t h i s   b a s i s ,  i t  w a s  assumed t h a t  income l o s s e s   r e s u l t i n g  from 

the   f l ood ing  of f l o o d p l a i n   i n d u s t r i e s  would  "most l i k e l y "   i n c r e a s e  by 3.5% 
per annum from 1971 t o  2000. Fol lowing  f rom  this   income  loss   premise,  i t  

was a l s o  assumed t h a t   d i r e c t   i n d u s t r i a l   l o s s e s   p e r  acre would rise over  

time. However, t h e  "most l i k e l y "  rate of  change was. set a t  2.5% pe r  annum, 

1.0% lower  than  the income l o s s - r a t e .  The d i f fe rence   be tween  the  two 

r ep resen t s   an   a t t empt   t o   r ecogn ize   t ha t   f ac to r s   such  as more e f f i c i e n t  

handl ing  of i n v e n t o r i e s   c o u l d   c a u s e   d i r e c t   l o s s e s   t o  rise a t  a s l i g h t l y  

lower rate than  production  and  income  losses.  

I n  making t h i s  "most l i k e l y "   p r o j e c t i o n  of  income  and i n d u s t r i a l  

p roper ty  losses, t h e   a n a l y s t s  were well aware of t h e   l i k e l i h o o d  that I 

ac tua l   cond i t ions  would deviate   f rom  projected  ones.   Factors   such as a 

decreasing  of   worker   densi t ies   per  acre, a slowing  of  the rate of i n c r e a s e  

i n   l a b o u r  and f a c t o r   p r o d u c t i v i t y ,  and a s h i f t  . .  . in   the   composi t ion   o f   the  

manufac tur ing   sec tor   could   reduce   fu ture   changes   in  damages p e r  acre t o  

zero.  It was f o r   t h i s   - r e a s o n   t h a t   t h e   i m p a c t  of t h e  "most l i k e l y "  

assumptions was t e s t e d   i n   t h e   s e c o n d   p r o j e c t i o n   t h a t   i n c l u d e d  "no produc- 

t 

t i v i t y  changes",  "most l i k e l y  growth"  and "no p r i c e  

no te  10, page 1 3 2 . )  

changes". . .' (See  foot-  

THE EFFECTS OF REAL PRICE CHANGES ON ESTIMATES OF 

FUTURE POTENTIAL FLOOD DAMAGES 

There are two ways  of e s t i m a t i n g   t h e   v a l u e  of p o t e n t i a l   f l o o d  

damages i n  a g iven   yea r   ' i n   t he   fu tu re .  One is t o  assume t h a t   t h e   p r i c e  

s t r u c t u r e  of damageable  goods w i l l  b e   t h e  same i n   t h e   f u t u r e  as i t  i s  

today.  The  other is t o   f o r e c a s t   p r i c e   s t r u c t u r e . c h a n g e s   r e s u l t i n g   f r o m  

di f fe ren t ia l   p r ice   increases   o f   var ious .   f lood-damageable   commodi t ies .  

This .   sec t ion   descr ibes  how t h e  l a t te r  method was employed i n   t h e   p r e s e n t  

I 
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s tudy   to   de te rmine  "most l i k e l y "   f u t u r e  damages  (Appendix G.7) .- 10 / 

Since   an   i n f l a t ion - f r ee   d i scoun t  rate was used   t o   ob ta in  the 

p r e s e n t x a l u e  of p o t e n t i a l  damages over  time, i n f l a t i o n - f r e e  (real)  p r i c e s  

had to   be   u sed   t o   de t e rmine   t he   va lue   o f ,damages   i n   fu tu re   yea r s .  Real 

changes i n   t h e   ' p r i c e s  of  damageable  commodities were f o r e c a s t  by p r o j e c t i n g  

h i s t o r i c   c h a n g e s .  The  1966-71  performances of t h e   p r i c e s   o f   t h e s e  commod- 

i t i es  relat ive t o   t h e  consumer p r i c e   i n d e x  were assumed t o   b e   t h e   p r i m e  

i n d i c a t o r s   o f   f u t u r e   t r e n d s  (Appendix G.6 and  Table  18).- 11/ However, rates 

of real price  changes  between 1955-1971 were also examined t o   o b t a i n   a n  

i d e a  of  long term p r i c e   t r e n d s   t o   p r o v i d e  a b e t t e r   b a s i s   f o r   p r e d i c t i n g   f u -  

t u r e  rates. The rea l  va lues  of p o t e n t i a l .   f l o o d  damages i n  e a c h   y e a r   i n   t h e  

f u t u r e  were then  es t imated by-  compounding the   ave rage   annua l   po ten t i a l  

damages c a l c u l a t e d   f o r   1 9 7 1  a t  t h e  rates o f   p r i c e   i n c r e a s e s   l i s t e d   i n  

Table 18.- 12/ 

- 10/ Two f o r e c a s t s  were a l s o  made under  the  assumption that t h e r e  w i l l  b e  
no  change i n  t h e   p r i c e   s t r u c t u r e .  One is the   "zero   g rowth"   a l te rna t ive  
mentioned i n  Chapter V I I I .  The o the r   coup les   t he  "most l ikely"   growth 
p ro jec t ions   w i th   " ze ro   p r i ce  changes''  (Appendix  G.7). 

- 11/ The F r a s e r  River Program  Committee  decided t o  u s e , t h i s   p e r i o d  as t h e  
b a s i s   f o r   p r o j e c t i n g   t h e   b e n e f i t s  and cos t s   o f ,p rov id ing   f l ood   p ro tec -  
t i o n .   I f   o n l y   t h e  19'66-71 p r i c e   t r e n d s  had  been  used t o   p r e d i c t   f u t u r e  
changes,   the  computation .of t h e   r e a l a n n u a l   p e r c e n t a g e   c h a n g e   i n   p r i c e s  
would  have  been: 

100 ( 100% + annual % change   in .   p r ice-  o f '  commodity.  (1966-71) - 
100% + annual  % change  in .consumer  pr ice   index (1966-71) 1 

- 12/  It should  be  emphasized  that   the   res 'ul t  i s ,  i n  real terms, i n  1971 
d o l l a r s .  It should   a l so   be   ment ioned   tha t   another   forecas t  was 

. made t o  test t h e   s e n s i t i v i t y  of f lood  damage estimates t o   p o s s i b l e  
accelerated  changes i n  a g r i c u l t u r a l   p r i c e s   i n   t h e   f u t u r e  (Appendix  G.7). 



1 - 133 - 

w 

0 

N 
vl 

0 

w 
v, 
d 

h 0  

0 
m 

I 

w 
0 
m 

I 

w 

0 

P 
C 

I- 

: 
-I 
I 

B 9 

-rl 
G 
(d 

5 
Fc 

U 
0 

a 

3 
rn 
3 
a, 
a, 
Fc 

3 
rn s 
rl 
(d 
3 
rl 

a, 
(d 

Fc . *. 
3 
e 
c 
B 
Fc 
a, a 
w 
0 

4J 
(d 

a, : 
5 
0 u 

0 

w 
\o 

m 

O N  co 
N 

U 
rn 
rn 
0 
U 

w 
0 

I 
rn 

w 
0 

Fc 
(d 

U 
X w 

rn 

PI . 

w w L O  c o c o  w w  
vlrl 

N N  
I I  

. .  w 
h 

0 

w 
vl 

0 

w m w 
0 
co 

I 

w m w w  
mcu 

m 
I 

o r l  
I I  

. .  
0 4 d o  

I 

w w  
cum 

N 
4- 

0 

w 
4- 

m 
I 

h 0  m 
m 

I 

w ' w  
rlrl 

w 

0 

w w w  
O h  

00 
I I  

. .  
N 00 

I 

. .  
740 
I I  

rn 
a, 
d 
0 

PI 
Fc 

PC 
r l u  
a, .rl 

Fc 
PI u 

O F c  ' 

r l u  a, 

$ %  
.. 
a, 
U 

e F  



- 134 - 
SUMMARY 

Two events  could  cause the va lue  of p o t e n t i a l   f l o o d  damages 

i n   t h e  Lower F r a s e r   f l o o d p l a i n   t o  change  over .time. One is  a change i n  

t h e   ' i n t e n s i t y  of  development  on  the.   f loodplain;  the  other  an  adjustment 

i n   t h e   r e l a t i v e   v a l u e s   o f  damageable ac t iv i t ies .  .Bo th   f ac to r s  were 

i n c l u d e d   i n   t h e   p r o j e c t i o n s  of "most l i k e l y "  damages i n   t h i s   s t u d y .  

Changes i n   t h e   i n t e n s i t y  of floodplain  development were t h e   f i r s t  

t o   b e   i n v e s t i g a t e d .  Growth t r ends  of r e s i d e n t i a l ,  commercial  and  related 

act ivi t ies  p ro jec t ed   i n   Chap te r  VI11 were used t o   p r e d i c t   i n c r e a s e s   i n  

f u t u r e  damages. The expansion of i n d u s t r i a l   a c r e a g e   f o r e c a s t   i n   t h a t  

, chapter   formed  the   foundat ions   for   es t imat ing   fu ture   indus t r ia l  damages. 

Estimates of f u t u r e   a g r i c u l t u r a l  damages were based on both  changes i n  

p roduc t iv i ty  and t h e  loss of   l and   to   expanding   urban   and   indus t r ia l  areas 

p red ic t ed   i n   Chap te r  VII.1. 

The impact   of   the   second  factor  (i.e. changes i n   t h e   r e l a t i v e  

p r i c e s   o f  damageable a c t i v i t i e s )  w a s  determined  mainly on t h e   b a s i s  of 

h i s t o r i c   p r i c e   t r e n d s .  With  few  exceptions ,. i t  was assumed t h a t  ''most 

l i k e l y "   f u t u r e   c h a n g e s   i n   t h e   p r i c e   s t r u c t u r e  would  roughly p a r a l l e l  

' h i s t o r i c  changes  and alter t h e  real va lue  of p r o j e c t e d  damages accordingly.  

CONCLUSION 

Reasonable estimates of f u t u r e  f lood  damages were made i n   t h i s  

s tudy  by i n c l u d i n g   t h e   e f f e c t s  of real p r i c e  changes  and  changes i n   t h e  

p h y s i c a l   c h a r a c t e r i s t i c s  of f loodp la in  act ivi t ies .  Never the less ,  as w i t h  

all p r o j e c t i o n s ,   t h e r e  are many unce r t a in t i e s .   unde r ly ing   t hese  estimates. 

Technological   innovat ions,   a t t i tude  and  pol icy  changes,   or  any number  of 

unpredictable   var iables   can  have a s ign i f i can t   impac t  on t h e   s i z e  of 

f u t u r e  damages. The re fo re ,   wh i l e   t he  ''most l i k e l y "  estimates of   f lood  

damages i n  this s tudy  are the best   approximations  of   actual  damages ava i l -  

ab l e ,  their s e n s i t i v i t y   t o   e r r o r s   i n   u n d e r l y i n g   a s s u m p t i o n s   s h o u l d   b e  

cons ide red   i n  the context   o f   the  two p r i n c i p a l   a l t e r n a t i v e  estimates 

presented  at  the beginning   of   th i s   chapter .  
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The incorp,orat ion  of   project ions of fu tu re   f l oodp la in   cond i t ions  

in to   an   a s ses smen t  of f l ood  damages is t h e   f i n a l   s t e p   p r e c e d i n g   t h e  syn- 

t h e s i z i n g  of  stage-damage  and damage-f requency  functions.  By combining 

this in fo rma t ion   w i th   da t a  on t h e   p r o t e c t i v e   c a p a c i t y  of f l o o d   c o n t r o l  

works as desc r ibed   i n   Chap te r  11, the   economic  benefi ts  of  provid ing   f lood  

protect ion  can  be  determined.  

.- 

5 
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CONCLUSION 
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CHAPTER X 

CONCLUSION 

This study  has  two p,rimary  functions.  It provides  estimates of 

p o t e n t i a l   f l o o d  damages i n   t h e   F r a s e r   V a l l e y ,  and p resen t s  methods t h a t  

can  be  used  to  estimate f lood damages  and  measure t h e   b e n e f i t s  of f l ood  

c o n t r o l '   i n   o t h e r   s t u d i e s . '   I n   a d d i t i o n ,  i t  descr ibes   the  advantages  and 

disadvantages  of  these  methods  and the accuracy  and  meaning  of  the  results.  

Perhaps  the most impor t an t   pa r t   o f   t h i s   r epor t  is the  second 

chapter .   Chapter  I1 describes  the  technique  of  reducing  stage-damage  data 

t o  a s ingle   average   annual  damage estimate, and  explains  how minor  misuses 

of   damage-frequency  funct ions  can  cause  ser ious  dis tor t ions  in  estimates of 

po ten t ia l   f lood-reduct ion   .benef i t s .   But   even  mor~e impor t an t ,   t h i s   chap te r  

emphas izes   the   s ign i f icance   o f  some of the assumptions  underlying estimates 

of damage-prevention b e n e f i t s   f o r   a n , a r e a   p r o t e c t e d  by  dykes. 

S ince   engineer ing   and   hydro logica l   da ta   t rad i t iona l ly  are t r ans -  . r a t e d   l i t e r a l l y   i n t o  economic terms, a l a r g e  premium i s  o f t en   unwi t t i ng ly  

added to   the  average  annual   value  of   f lood damages. This  premium rep resen t s  

t he   va lue   imp l i c i t l y   a s s igned   t o   i n t ang ib le   cos t s   . and   r i sk - t ak ing .  It 

arises because damages .are ca l cu la t ed   on   t he   bas i s   o f .   t he   a s sumpt ion   t ha t  

dykes w i l l  provide  economic  benefits   only up t o  a "maximum s a f e   l e v e l " .  

Such ,a premium may be  a leg i t imate   cos t   o f   f looding .   People  may 

b e   w i l l i n g   t o  pay  more for '   f lood  prevent ion  than  s imply  the  value  of   prop-  

e r t y  damages. However , . t h e  premium, as i t  is c u r r e n t l y   c a l c u l a t e d ,   h a s  a 

phys ica l   r a the r   t han   an  economic bas i s .   The re fo re ,   t he re  i s  n o t   n e c e s s a r i l y  

any relat ionship  between i t  and the   t rue   va lue   peop le   p l ace  on r i sk-avers ion  

and in t ang ib le s .  

By ignor ing   t he  premium inherent   in   average  annual .damage 

estimates, most s tud ie s   obscu re   t he   ex i s t ence .o f  a p o t e n t i a l l y   l a r g e  

- b i a s   i n   t h e   c a l c u l a t i o n s .  The p r e s e n t   s t u d y   d e p a r t s   f r o m . t h e   t r a d i t i o n a l  

approach  by  c lar i fying  the  meaning  of  damage estimates der ived  on t h e   b a s i s  

of  the  procedure  adopted'  by. the   Fraser   River  Committee  (1971). It does 

t h i s  by  showing t h a t  as much as 70% of the   e s t ima ted   p rope r ty  damage 

r educ ib le  by r e se rvo i r s   migh t   r ea l ly   r ep resen t   t he   va lue   imp l i c i t l y   be ing  

a s s igned   t o   r i sk - t ak ing  and i n t a n g i b l e s .   I n   t h i s  way,' i t  exposes a 
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poss ib l e   sou rce   o f   b i a s   t ha t   can  now be   exp l i c i t l y   r ecogn ized   by   t hose  

eva lua t ing  the economic f e a s i b i l i t y   o f   f l o o d   c o n t r o l   p r o j e c t s .  

'Although t h e  mere i d e n t i f i c a t i o n  of t h e   p o s s i b l e  maximum premium 

is no t  a p e r f e c t   s o l u t i o n ,  i t  r ep resen t s   an  improvement   over   t radi t ional  

procedures  and a pos i t i ve   s t ep   t owards   p rov id ing   be t t e r   f l ood  damage 

estimates. The s i z e  of t h e  premium 'a lone   should   eqcourage   research   in to  

t h e   v a l i d i t y   o f   i n c l u d i n g   s u c h  an estimate i n   f u t u r e   f l o o d  damage ana lyses .  

Moreover,  because  the premium is e x p l i c i t l y .   i d e n t i f i e d   i n   t h i s   s t u d y ,  

decis ion-makers   concerned  with  the  Fraser  River .flood  problem w i l l  have a 

be t t e r   unde r s t and ing  of t h e   f l o o d - r e d u c t i o n   b e n e f i t s   b e i n g   a t t r i b u t e d   t o  

var ious   p roposed   pro tec t ive   measures .  

Chapters 111 through I X  are less s ign i f i can t   t han   Chap te r  11 i n  

terms of  general  methodology.  However,  they  offer a good  framework f o r  

i n v e s t i g a t i n g   p o t e n t i a l   f l o o d  damages.  They desc r ibe  some sound  techniques 

f o r   e s t i m a t i n g   s p e c i f i c   t y p e s   o f  damages, comment on the   accuracy  of t h e  

results, and   record-uni t -damage   func t ions   tha t   might   be   usefu l   in   o ther  

s t u d i e s  . 
It is  easier t o  estimate p o t e n t i a l  damages t o   r e s i d e n c e s  and 

crops  than i t  is to   de t e rmine   o the r   t ypes  of l o s s e s .  The methods  used 

i n   t h i s   s t u d y   t o   c a l c u l a t e   t h e s e  damages should   be   adequate   for   mos t  

ana lyses .  However, two modifications  might make the  procedures  more 

e f f e c t i v e .  One would   be   to   use  a computer t o   p r o c e s s   d a t a  on r e s i d e n t i a l  

c h a r a c t e r i s t i c s   a n d  damages.  The other   would  be  to   calculate   backward 

l i n k a g e   l o s s e s   i n   a g r i c u l t u r e  as par t   o f   p r imary   . c rop  damages. I n   b o t h  

cases, a cons iderable   t ime-saving   would   be   rea l ized .  

Est imat ing  commercial   and  industr ia l  damages  by apply ing   the  

method  used i n   t h i s   s t u d y  i s  a lengthy  and  cost ly   process .   Nevertheless ,  

i t  i s  d i f f i c u l t   t o   c o n c e i v e   o f  a b e t t e r  way of  determining  these damages. 

Ca lcu la t ions   o f   i ndus t r i a l   l o s ses   migh t   be   s imp l i f i ed  by c o l l e c t i n g   i n f o r -  

ma t ion   on ly   fo r   ma jo r   i ndus t r i e s   i n  a v a l l e y , .  computing  damages p e r  acre, 

and  assuming that t h e   r e s u l t s  are a p p l i c a b l e   t o   o t h e r   i n d u s t r i e s   i n   t h e  

region.  However, i f  this procedure i s  followed, estimates may b e   h i g h l y  

d i s t o r t e d .  

I n   t h e  same way t h a t  a s i m p l i f i c a t i o n   o f   t h e   p r o c e d u r e   u s e d   i n  

this s tudy  has ques t ionab le  merits, more de ta i led   assessments  are d i f f i c u l t  

t o   j u s t i f y .  L i t t l e  is to   be   ga ined   f rom more de t a i l ed   s tud ie s   because  
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I 

. 

of t h e   u n c e r t a i n t i e s  and subject ive  judgements   underlying  analyses   of  

commercial  and i n d u s t r i a l  damages. Therefore ,  i t  i s  f e l t   t h a t   t h e  method 

d e s c r i b e d   i n  Chapter I V  i s  a good  model for  determining  stage-damage 

func t ions .  

, .  . 

. .  

Since income loss ,es   have  not   been  examined  c losely,   in   previous 

s tud ies ,   Chapter  V I  provides  some va luable ,   ins ights   in to   p roblems of 

e s t ima t ing   t hese   l o s ses .  It  shows t h a t   t h e  most c r i t i c a l  v a r i a b l e   a f f e c t -  

ing   the   magni tude   o f   such   losses  i s  the   d i f f e rence   i n   s i ze   be tween   t he  

r e f e r e n t  area and t h e  area d i r e c t l y   a f f e c t e d  by a f lood :   t he   l a rge r   t he  

r e f e r e n t  area, t h e  more l i k e l y  are i n t e r n a l   t r a n s f e r s  of   product ion  to  

occur,   and  the less l i k e l y  are production  and  income  losses  to  be  permanent. 

Chapter V I  a l s o  reveals t h a t  many assumptions  must  be made be fo re  income 

losses   can  be  es t imated:   a lmost   every estimate i n   t h i s   s t u d y  rests on  an 

e l a b o r a t e  set of  assumptions,   the '   validity  of  which i s  c r u c i a l   t o   t h e   d e r i -  

va t ion  of accura t e  results. F ina l ly ,   t he   chap te r ,demons t r a t e s   t ha t  a l a r g e  

p o r t i o n   o f   t h e   t o t a l   p o t e n t i a l  income l o s s   i n  a r eg ion   can   be   t r aced   t o  a 

few  major  industries:  a reg ion  is most l i k e l y   t o   s u f f e r  a permanent l o s s   i f  

a f lood  causes   the  c losure  of   industr ies   that   produce  commodit ies  whose 

equ iva len t s  are r e a d i l y   a v a i l a b l e  from fore ign   sources .  

A general   conclusion  might   be drawn  from t h e   r e s u l t s   o f   t h i s  

assessment of income l o s s e s .  The predominant  role ,and c r i t i c a l  impact  of 

assumptions  has   been  recognized.   Moreover ,   - the  fact   that  most losses   can  

be   assoc ia ted   wi th  .a few indus t r ies   has   been   observed .   Therefore ,   p rovided  

t h a t   t h e   r e f e r e n t  area is l a r g e   r e l a t i v e   t o   t h e  area a f f e c t e d   d i r e c t l y  by 

a f l o o d ,   t h e   b e s t   a p p r o a c h   t o   t a k e   i n   a s s e s s i n g  income losses   should   be   to  

concent ra te  on ma jo r   i ndus t r i e s  and make crude estimates f o r  minor  ones. 

This  procedure w i l l  enab le   r e sea rche r s   t o   speed  up the   e s t ima t ing   p rocess  

w i t h o u t   s a c r i f i c i n g  much i n   t h e  way of  accuracy. 

Miscellaneous damages were examined  only  br ief ly   in   the  present  

s t u d y .   P a r t   o f   t h e   r e a s o n   f o r   t h i s  is tha t   t he   t ypes   o f  damages i n   t h e  

miscel laneous  category are f a i r l y   u n p r e d i c t a b l e ;   p a r t  i s  tha t   p rev ious  

analyses   have shown them t o   b e  of  minor  importance. The r e su l t s   o f   i nves -  

t i g a t i o n s   t h a t  were undertaken i n   t h e   p r e s e n t   s t u d y   r e i n f o r c e   t h e   c o n c l u -  

s i o n   t h a t  more de ta i led   assessments  are unwarranted. 
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The methods  used t o   p r o j e c t  growth  and real  p r i ce   changes   i n  

Chapters VI11 and I X  are simple  but  adequate.  They were used t o  d e r i v e  

forecas ts   tha t   p rovide   dec is ion-makers   wi th  a reasonable   perspec t ive   o f  

the  f lood  problem,  and  yet   they  cost  l i t t l e  to   apply .  The range o f  damages 

r e su l t i ng   f rom  the   app l i ca t ion   o f   d i f f e ren t   g rowth   and  price t r ends  

(Appendix G . 7 )  gives  a good p ic tu re   o f   t he   impac t   t ha t   d i f f e ren t   fu tu re  

growth  patterns  and  price  changes w i l l  have  on  potential   damages.  Con- 

c u r r e n t l y ,  the "most l i k e l y "   f u t u r e   f o r e c a s t   p r o v i d e s   a n   e f f e c t i v e   p o i n t  

o f   depa r tu re   fo r   a s ses s ing   t he   economic   f eas ib i l i t y  of f l o o d   c o n t r o l  

p r o j e c t s .  

i. 

c 

. 

. 
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A . l  Sources of Information 

1. Leddingham Cons t ruc t ion  
B.C. Forest   Products  
A & B Bu i lde r s  
Burnstad Hardwood Floors  Ltd.  
F loo rc ra f t .   L td .  
Western Gypsum 
Stee l   Bros .  Lumber 
Color-Craft I 

ABC P a i n t i n g  
Clardon Woodworks 
B.C. Sash  and Door 
Aluminum Shop 
Edso P l a s t e r i n g  
Starchuk  and  Sampart Ltd. 
Fred Clarke Ltd. e 

Armstrong  Heating 
F rase r  Lumber p. Ltd. 
Totem  Appliance & R e f r i g e r a t i o n  
P e t e   M u s s e l l ' s   E l e c t r i c - R e p a i r  Service 
Nicholson  Equipment 

i. \ 
2.  Department of P u b l i c  Works (Canada), 

Vancouver, B.C. 

A.2 C l a s s i f i c a t i o n  of Houses 

. 

Class Corresponding B.C. Appra isa l  Manual  Type 
J 

A 1 s t o r e y  : 107, 109M*, 110 

1% s t o r e y s  : 117,  120*,  121 

2 s t o r e y s :  125,  129,  131,  132 

B 

C 

1 s t o r e y  : 104, .106, 108*, 109* 

1% storeys:   112,  113, 115*, 116, 118*, 119 

2 storeys:   124,  127,  128, 130* 

1 s t o r e y  : 101, 102, 103, 105 

1% sto reys :  111, 114* 

2 storeys:   122, '123,  126 . , , . 

I 

. . .  

* ind ica tes   mos t  common type  of  house 
. , . .  

, .' 
I , .  . .  

. ,  .. I 
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A.3 Costs  of  Replacing  Flood Damaged Property  ( including  labour)  

Class A Class  B Class C 

Flooring  (per sq. f t . )  
Asphalt t i l e  and  plywood 
Vinyl  asbestos t i l e  
F i r   p l u s   f i n i s h  
Hardwood p l u s   f i n i s h  
Wall-to-wall  carpet 

Wall   Finish  (per  sq. f t .) 
Gyproc 
P l a s t e r  

K i t chen   Cab ine t s   (pe r   l i n .   f t . )  
Counter  Units 
Upper Units  

Windows (per  sq. f t  .) 
0 - 4 'sq. f t .  
5 - 8 s q .  f t .  
9 - 12 sq. f t .  

1 3  - 16 sq. f t .  
16  + sq. f t .  

Doors 

E l e c t r i c a l  - 
Rewiring p e r  appl iance 

Ex te r io r   F in i sh   (pe r  sq. f t . )  
Siding 
s tucco  

I n s u l a t i o n   ( p e r  sq. f t . )  

.72  

.53 
1.20 
2.60 
1.11 

.38 

.74 

48.00 .. 
27 .OO 

8.50 

6.50 
5.85 
5.25 

50 .OO 

i .60 

100.00 

.86 - 

.15 

.67 

.45 
1.18 
1.85 

.89 

.35 

.73 

I 

44.00 
25.00 

8.30 
7.10 
6.10 
5.55 
5.00 

50 .OO 

100.00 

.86 
1.70 

.15 

.64 

.35 
1.15 
1.45 - 

.33 

.72 

40 .OO 
23 .OO 

7.80 ' 2  

6.60 
5.70 
5.25 
4.75 

50.00 

100.00 

.86 
1.70 

.15 

A. 4 S t r u c t u r a l  Damage 

A random sample  of  203  houses w a s  made from the as ses smen t   ro l l s  of 

Chill iwack and Richmond munic ipa l i t i es .   Three   per   cen t  of the houses 

in   bo th   munFc ipa l i t i e s  were Class "Afr. F i e l d  sampling of o the r   a r eas  

i n   t h e   v a l l e y  showed t h a t   v e r y  few Class "A" h o u s e s   a r e   b u i l t  on the  

f lood  plain.   Outs ide  of  Richmond and  Chilliwack, 75%  of the houses 

sampled  from the r o l l s  were Class  "B" and  about 22% were Class "C". 

1 -  
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The fo l lowing   i ab le   i nd ica t e s  the s i z e  of the sample  taken  from the 

r o l l s  a n d   t h e   d i s t r i b u t i o n  of houses of d i f f e r e n t  classes. 

Sample  of  Houses  Taken  from Assessment ,Rol ls  i 

. .  

A . .  . .  

Number of  Houses 

Municipal i ty  Class A Class B. Class ,C . Tota l  

Richmond 3 95  12 110 
Chil l iwack 3 55  35  93 

To ta l .  6 150 47 20 3 
. .  

. .  . 

. . . .  . , .  

- .  . .  
q, . .  

Since  Class A houses are of  such  minor  importance  and  an  error  in '   the , ' 

c a l c u l a t i o n  of damage 'for  houses '  of this class. would . n o t   s i g n i f i c a n t l y  

a f f e c t   t h e   t o t a l  damage estimate of  any area, n o   e f f o r t . w a s  made t o  

s e l e c t  a larger   sample  of   these  houses   than  that   der ived  f rom  the random 

sample.  The  stage-damage  curves f o r  C1as.s A.houses were formed  on t h e  

bas i s   o f   on ly  s ix  houses. 

. .  . . .  . . .  

. .  . .  . 
. .  

A.4 .1   S t ruc tu ra l  Damage - Class A House 

A.4.1.1 Average  House C h a r a c t e r i s t i c s  

1 .  

1. 

2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 
10. 

11. 

. 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

area - 1,589 sq. f t .  

,da te  of: cons, t ruct ion - ,1967 . .  

value  - $28,506. 

per imeter  - 160' f e e t  

i n t e r i o r   . w a l l e d   . f o o t a g e  - 480 f e e t  ' . 

i n t e r i o r   w a l l e d  area - 3,840 sq. f t .  

cos t   o f   r e s to r ing   hea t ing   sys t em - $28 

, .  

. .  

($lO,service clean-up,charge + $18 t o   r e p l a c e   t h e  

moto r ;   t he   t ype   o f .   f u rnace  is n o t  a major   f ac to r ) .  . .  

Floor   F in i sh  - 75% wall t o  wall c a r p e t ;   2 5 % . t i l e  

I n t e r i o r   F i n i s h  - 66% p l a s t e r ;  34% gyproc 

Ex te r io r   F in i sh  - 100% s i d i n g  

Basement - 50% of a l l  Class A houses  sampled  have.  basements. 

There are no  basements i n  Class A h o u s e s   i n  Richmond. 

A l l  three of the houses  sampled in   Chi l l iwack  have  basements .  

. .  . ,  



12.  Floor levels above  ground level:  

Main Floor  - Richmond 2 f e e t  

- Chill iwack 3 f e e t  

13. Heating  system - 17% o i l ;  50% gas ;  33% h o t  water 

A.4.1.2 Damage t o   S t r u c t u r e s  

1. Valls & C e i l i n g s   ( I n t e r i o r  Damage) : 

S t r u c t u r e  Material Cost  of Removing  Old Material and  Replacement 

Walls p l a s t e r  (66X X 3840  sq.ft:x $ .74/sq.f t . )   $1,875 
~~~~ ~~~~ ~~ ~~ ~ 

gyproc  (34% X 3840 s q . f t .  x $.38/sq . f t . )  = $ 496 

T o t a l  , .  $2,371 

C e i l i n g s   p l a s t e r  (66X x 1589 s q . f t .  x $.74,/sq.ft .)  = $ 776 

gY P roc  (34% X 1589 s q . f t .  x $.38/sq . f t . )  = $ 205 

T o t a l  S 981 

Water 1 f t .  above  main f loor   causes   $2,371  ,damage t o  walls. 
Water 8 f t .  above  main floor  causes  $3,352, damage t o  walls and c e i l i n g s .  

. .  

2.  F loor   F in ish  

-. 

Damage ($-) . . '  

. .  

Material ( X  of area covered  by material x f l o o r  area x removal 
and  replacement  cost)  - (d , ep rec i a t ion   i f   app l i cab le . )  

Carpet (75% x 1589 s q . f t .  x $ l . l l / s q . f t . )  - 25% dep. = $ 992 

Tile (25% x 1589 s q . f t .  x $ . 72 / sq . f t . )  = $ 286 

Total   $1,278 

3. Doors: 

15  x $50 = $750 damage a t  one   foo t  of f looding .  



,4. Cabinets : 
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0 

Lower:  24. ft. long x $48/ft. = $1152  at, l'foot of  flqoding. 
Upper:  .15 ft.. long x $27/ft. = $ 405  at 4 feet  of'flooding. 
Total  replacement  cost  at 1 ft . of  flooding  above  floor = $1152 
Total  replacement  cost  at 4 ft. of flooding  above  floor = $1557. 

5 .  Electrical: (Major rewiring  at 1 ft. of  flooding.) 
4 major  appliances x $100 each = $400 

6. Exterior  Finish: 
100% of the  houses  have  siding;  houses  with  basements  (all  in  Chilliwack) 
and  those  without  (all  in  Richmond)  suffer  similar  exterior  damages  as 
listed  below. 

Flood  Depth 
(Ft.  Above  Perimeter  cost/sq.ft.  Cumulative 
Ground  Level) . (ft .> ($1 Damage ($> 

~ ~ 

1 X 160 X 0.86 - 138 
2 X 160 X 0.86 - 276 
3 X 160 X ,  0.86 I 4 14 
4 X 160 X 0.86 - 552 
5 X 160 X 0.86 - 690 
6 X 160 x 0.86 - 828 
7 X .  160 P .0.86 . . - 966 
8 X 160 x 0.86 - - 1,104 
9 X 160 ' X  0.86 - - 1,242 

10 X 160 X 0.86 - 1,380 

- 
- 

- 
- 
- 
- 

- 

7. Insulation : 

Flood  Elevation Richmond  Damage 
(Ft.  Above perimeter x Depth x 

Chilliwack  Damage 
Perimeter x Depth x 

Ground  Level)  Cost = Total  Cost = Total 
~~ ~ ~ ~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

160 x 1 x .15 = $ 24 
160 x 2 x .15 = $ 48 
160 x 3 x .15 = $ 72 
160 x 4 x' .15 = $ 96 
160 x  5 x .15 = $120 
160 x 6 x .15 = $144 
160 x 7 x ..15 = $168 
160 x 8 x .15 = $192 

160 x 1 x .15 = $ 24 
160 x 2 x .15 .= $ 48 
160 x 3 x .15 = $ 72 
160 x 4 x .15 = $ 96 
160 x 5  x .15 = $120 
160 x 6 x .15 = $144 
160 x 7 x .15 = $168 
160 x 8 x .15 = $192 
160 x 9 x .15 = $216 
160 x lox .15 = $240 
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8. Windows : 

Because Richmond houses have no  basements  and are about 2 f e e t  o f f  the 

ground  and  Chilliwack  houses have basements  but their main f l o o r  area 

is only  3 f e e t   o f f  the ground, the two have been  grouped  together. 

G l a s s  areas in the   houses  i n  t h e  two d i s t r i c t s  are approximately  equal.  

F t .  Above Ground Cost of Removal and 
Level a t  which Replacement  Plus 
Damage Occurs Damage a t  Lower Eleva t ions  

Cumulative 
T o t a l  ($) 

4 80 s q .   f t .  x $ 5.25 + 0 - $ 420 - 
6 240 sq. f t .  x $ 5.85 + 420 - $1,824 - 

9.  Heating: 

$28 a t  one  foot  above  ground level i n   b o t h  Richmond and Chill iwack. 
, 

A.4.1.3 T o t a l  Damage t o   S t r u c t u r e s  

1. Main Floor  Damage Data - both   P lunic ipa l i t i es  combined 

Flood  Depth $ Damage t o  Factors-  Tot a1 
(Ft.  Above I n t e r i o r   F l o o r s  Doors Cabinets Electric Cumulative 
Main Floor)   Finish $ Damage 

0 - 1,278 - - - $1,278 
1 2,371 1,278 750 1,152 400 $5,951 
2 2,371 1,278 750 1,152 400 , $5,951 
3 2,371 1,278 750 1,152' 400 $5,951 
4 2,371 1,278 . 750 1,557 ' .400 $6,356 
5 2,371 1,278 750 1,557 400' $6,356 

7 2,371 . 1,278 750 1,557 400 . , . '  $6,356 
6 2,371 -1,278 750 1,,557 . .  400 ' $6,356 

8 3,352 1,278 750 1,557 400 $7,337 

2. Basement'Damage = 25% of Main Floor  Damage: (This estimate was 

der ived  i n  c o n s u l t a t i o n  with Municipal   Appraisers) .  

i 
(Table  on  following  page .) 
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Flood Depth 
(Ft. Above O+ .1 2 3 4 5 6 7 a 
Basement  .Floor) 

- 3 .  Exterior  Damage 

Flood  Depth 
(Ft. Above 

$ Damage 
Exterior Insulation  Windows Heat To tal 

Ground  Level)  Finish. 

Richmond 
" 

1 
2 
3 
4 
5 
6 
7 

9 
10 

a 

138 
276 
4 14 
552 

.. 690 

966 
1,104 

828 

1,242 
1,380 

- 
24 

7 2  

120 
144 

192 

48 

96 : 

16 a 

- 
420 
420 

1,824 
1,824 
I, 824 
1, 824 
1,824 

28 
28 
28 
28 
28 

28 
28 
28 
28 

28 

166 
304 
466 

1,048 
1,210 

2,938 
2,776 

3,100 
3,262 
3,424 

1 138 24 28 190 
2 276 48 - 28 352 
3 414 7 2  - 28  514 
4 552 96 ,4 20 .?a 1,096 
5 690 120 4 20 28  1,258 
6 828 144  1,824 28 2 ,   824  
7 966 168  1,824 28  2,986 
a 1,104 192  1,824 28  3,148 
9 1,242 216 1, 824 28 3,310 

10 1,380 2 40  1,824 . . 28 3,472 

A.4.2 Structural  Damage -. Class 'B House . 
A.4'.2.1 Average  House Characteristics 

1. Average area - 1,077 sq. ft. 

. .  

2.  Average  date of construction - 1953 

3 .  Average  value - $15,100 



4. 
5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

- 8 -  

Average  perimeter - 136 f t .  

Average i n t e r i o r   w a l l e d   f o o t a g e  - 352 f t . .  

Average i n t e r i o r   w a l l e d  area - 2,820 s q .   f t .  

A v e r a g e   c o s t   o f   r e s t o r i n g   h e a t i n g , s y s t F  - $28.00 

($10.00 service clean-up  charge  plus $18.00 t o   r e p l a c e   t h e   m o t o r ;  

t he   t ype   o f   fu rnace  is no t  a major   fac tor . )  

F l o o r   f i n i s h  = 1 2 %  wall t o  w a l l  c a r p e t ;  36%  hardwood; 29% t i l e ;  23% f i r  

f l o o r i n g .  

I n t e r i o r   F i n i s h  - 60% p l a s t e r ;  40%  gyproc. 

E x t e r i o r   F i n i s h  - (see A.4.2.2.(6)) 

Basements - 33% of Class B Chilliwack  houses  have  basements. 

- 

65%  of Class B Richmond houses have basements. 

45% of a l l  Class B houses  have  basements. 

Floor levels above  ground  level - 
Non-Basement houses - main f l o o r  - Richmond 2 f t .  

, Chill iwack 1 f t  . 
Basement  houses - main f l o o r  Richmond'. 8 f t .  

Chill iwack 3 f t  . 
Basement f l o o r  levels Richmond 0 f t .  

Chill iwack 5 f t  . 
For  houses which had s id ing   i n   t he   l ower   pa r t   o f   t he   house  and s tucco  

i n  the upper: 
. .  

I n  basement  houses,  siding  extended  up.  to, 9 .feet  above  ground. 

I n  non-basement  houses,  siding  extended up t o  3 f e e t ,  above  ground. 

A.4.2.2 Damage t o   S t r u c t u r e s  

1. Walls and C e i l i n g s   ( i n t e r i o r  damage).: 

S t r u c t u r e  Material Cost  of. Removing Old Material and  Replacing 

Walls 
~ ~~~~~ 

p l a s t e r  (60% x 2',820 s q . f t .  x $ .73   sq . f t . )  = $1,235 

gY proc  (40% x 2,820 s q . f t .  x $ .35   sq . f t . )  = $ 395 

R 

Total   $1,630 

Table  continued  on  Page  9. 
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. .  1. Continued . .. 

S t r u c t u r e  Material Cost. o f  Removing  Old Material and  Replacing 

C e i l i n g s   p l a s t e r  (60% x 1,077 s q . f t .  x $.73 s q . f t . )  = $ 472 

gyproc (40% x 1,077 s q . f t .  x. $.35 sq . ' f t . ) -  = $ 151 

T o t a l  $ 623 

Water 1 .foot  above  main  floor  causes $1,630 damage t o  'walls.  . 

Water 8 f e e t  above  main  floor  causes, $2,253 damage t o  walls and   ce i l ings .  

, .  . .  

. .  

2'. Floor   Finish:  . . . I 

( 

Damage ($) I 
Material (% of area covered by material x f l o o r  area x removal  and 

rep lacement   cos t )   - ( .deprec ia t ion   i f   appl icable)  

Carpet (12% x 1;077 s q . f t .  x $ . 8 9 , s q . f t . )  - (25% Dep.). = $ - 86. 

Hardwood (36% x 1,077 s q . f t .  x $1.85 s q . f t . )  = $ - 7 1 7  

T i  l e  (29% X 1,077 sq . - f t .  X $ .67 s q . f t . )  = $ 209 

F i r   F l o o r i n g  (23% " ~ ' 1 , 0 7 7  s q . f t .  x $1.18 s q . f t . )  = $- 292 

T o t a l  $1,304 

. .  

3. 

4. 

5. 

6. . 

, . .  

Doors : 

11 x $50 each = $550 damage a t  1 foot   of   f looding 

Cabinets: . , .  

Lower: 18 f t .   l o n g  x $44 / f t .  = $792 a t  1 f o o t  of  f looding 

Upper: 10 f t .  long x '$.25/f t .  = $250 ' a t  4 f e e t  of f looding  

Tota l   rep lacement   cos t  a t  1 f t .  of   f looding  above  f loor  = $792 

Tota l   rep lacement   cos t  a t  4 f t .  of   f looding  above  f loor  = $1,042 

Electrical  (major  rewiring a t  1 f t .  of f looding) :  

3 major   appl iances  a t  $100 each = $300 

Exter ior   F in ish :  

S i x   c a t e g o r i e s  of  houses were i d e n t 5 f i e d   i n  the two d i s t r i c t s :  

. .  

I 

(a) S id ing  kasement; 
(b) Siding  non-basement; 
(c)  Stucco  basement; 

. . (d)  Stucco. non-basemknt; .. . : . '~ 

(e) Mixed stucco-siding  basement; 
( f )  Mixed s tucco-siding non-basemen.t; 
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The r e p a i r   c o s t s  of s h i n g l e  and s i d i n g  are s i m i l a r  S O  no d i s t i n c t i o n  

was made between the .two i n  the a n a l y s i s .   I n  Richmond, 20% of the 

houses are sh ing le s  and s id ing ,  17% are s tucco , .  and  63% a r e  mixed. 

I n   W l i w a c k ,  59% are sh ing le s  and s id ing ,  30% a re   s tucco ,  and 11% 

are mixed. 

The  va r ious  amounts of damage t o  the d i f f e r e n t  exterior f i n i s h e s  i n  

each a r e a  w e r e  weighted  by the propor t ion  with and without  basements. 

T h e  resu l t ing   weighted  damage e s t i m a t e s   f o r   e a c h   o f '   t h e   s i x   c l a s s e s  of 

houses were then  added  together  for  each  area.  This gave   t he   f i na l  

e x t e r i o r   f i n i s h  damage f i g u r e   p e r   f o o t  of water  above  ground  level  for 

the "average"  Class B house in each area. 

Calcula t ions  were as   fol lows:  

(a)   Siding  Finish - C l a s s  B Houses with Basements: 

Flood  Depth  ,Siding . ,Basements  Cumulative 
(F t .  Above Perimeter C o s t / s q . f t . ,   I n  ATea 'In Area Damage 
Ground.Leve1) ( f t  1 ($1 ( X )  (X) ($1 

c 

Richmond 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

X 
x ' .  

X 

X 

X 

X 

X 

X 
X 
X 

136 x 
136  .x 
136 x 
136 x 
136  x 
1 3 6 '  x 
136 x 
136  x 
136 x 
136 x 

0.86  x 20 x 33 = 8 
0.86 X '. 20 .X 33 = 16 
0.86 x -20 ' x ,  33 ' =  24 
0.86 . x ,20 x 33, = 32 
0.86 x 20 . x  33 = 40 
0.86 x -20 ,x  33 = 48 
0.86 x .  20 ' x .  33 = 56 
0.86 . x  20, x- 3 3 .  = 64 

0.86  x  20.  . x  33 = 80 

I 

0.86 . ' X  20 . X 33" = 72 

Chill iwack 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

X 
X 

X 
X 
X 

,X 

X 

X 
X 
X 

136 x 0.86. x "  59 ' x 65 = 45 
,136 x 0.86 x 59 x 65 = 90 
136 x 0.86 . '  x 59 x 65 = 135 
136 x 0.86 x - 5 9  ' x 65 = 180 
136 x 0.86 x 59 x 65 = 225 

136 x 0.86 x 59 x 65 = 315 
136 x 0.86 x .  59 x 65 = 360 
136 x 0.86 x 59 x . 65 = 405 
1 3 6 ,  x 0 . 8 6 .  , x .59 x , 65 = 450 

136 X 0.86 x 59 x 65 = 270 

C 
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(b)   Siding  Finish -. Class B Houses wi.th no  Basement: 

Floor  Depth  Siding  Basements  Cumulative 
(Ft . Above Perimeter:  ' C o s t / s q . f t .   I n  Area In ,Area  . Damage 
Ground Level) .   ( f t . ) :  ($) ' .  . (X> (X 1, ($1 

Richmond 

1 X 136 x 0.86 x . 20 x 67 - - 16 
2 X . ' 136 ' X '0:86 x 20 x ' 67 - - 32 
3 X ' 136 X . 0.86 X 20 X . 67 - - 48 
4 X 136 x 0.86 x 20 x 67 - - 64 
5 X 136 x 0.86 x 20 x 67 - - 80 
6 X 136 x 0.86 x 20, x 67 - - 96 
7 X 136 x 0.86 . x 20 ,' x 67 = 112 
8 X 136 . X 0.8.6 X ,20 X 67 - - 128 
9 X 136 x 0.86 x, 20 x 67 = 144 
10 X 136 X 0.86 X 20 X . 67 - - 160 

:.. 

Chill iwack 
. .  ~~ ~ 

1 X 136. x '0.86 ' x 59 x 35 - ,  - 24 
0 2 X 136 x 0.86 x 59 x 35 - 48 

3 X 136 X 0.86 X. 59 X 35 - - 72 
4 X 136 . x 0.86 , 

x .59 x 35 - - 96 
5 X . 136 X .0.86 X .  59 X 35 =. 120 
6 x .  136 x 0.86 x 59 x 35 = ' 144 
7 x 136 x 0.86 x 59 x 35 - - 168 
8 X 136 , x 0.86 x 59. . x 35 = 192 
9 X 136 x 0.86 x .  59 x 35 = 216 
10 X 136 x OI86 x '59 x 35 = 240 

- 

(c) Stucco  Finish - Class B House'with Basement: 

. I f   s t u c c o  i s  touched   w i th   f l ood 'wa te r ,   t he   en t i r e   s tucco  wal l  must be  

replaced.  

Richmond: i f  water reaches a .  depth ,  of one  foot  above  ground level, 

8 f e e t  of s tucco  must   be   rep laced;   i f  i t  reaches 9 f e e t   i n   d e p t h ,  16 

f e e t   o f   s t u c c o  must be   rep laced .  

- Flood  depth  of 1 t o  '8 f e e t  above  ground: 

8 f t .  x 136 f t .  x $1.70 x 17% x 33% = $104 

- Flood  depth  of 9 feet or .more  above  ground,: 

16 ft.  x 136 f t .  x $1.70 x 17% x 33% = $208 
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Chilliwack: 

11 f e e t  of  stucco must be   rep laced  when f lood   depths   reach  1 foo t  

above  ground  level.  

-. Flood  depth of 1 t o  11 feet  above  ground: 

11 ft. x 136 f t .  x $ 1 . 7 0 . ~  30% x;65% = $496 
I .  

(d)   Stucco  Finish - Class  B House w i t h  No Basement: 

Stucco  on  both Richmond and Ch i l l iwack   houses   w i l l . be   t o t a l ly  

destroyed when water l e v e l   r e a c h  1 foot  above  ground  level.  

Richmond : 

-. Flood  depth of 1 f t .   o r  more  above  ground: 

8 f t .  x 136 f t .  x $1.70 x 17% x 67% = $ 2 1 1  . ' 

Chilliwack: 

-. Flood  depth of 1 f t .   o r  more  above  ground:. 

8 f t .  x 136 f t .  x $1.70 x 30% x 35% = .$194 

(e) Mixed Stucco-Siding  Finish - Class B Houses w i t h  Basements: 

Flood  Depth Mixed Basements  Cumulative 
(F t .  Above Perimeter C o s t / s q . f t .   . I n  Area I n  Area Damage 
Ground Level )   ( f t .1  ($1 ( X )  (%I ($1 . .  

Richmond 

1 X 136 x 0.86 X .  63; ' .  X 
2 X 136 x 0.86 ,x 63, ..x 
3 X 136 x 0.86 x 63 x 
4 X 136 X 0.86 X '  6 3 ,  , X 
5 X 136 x  0.86 x 63 ' 'x 
6 X 136 x 0.86 x 63 x 
7 X 136 X 0.86 X 63' X ' 

8 X 136 X 0.86 ' .X 63 . X 

9 X 136 x 0.86. x .63.  ,' x. 

' .  

(10 and 
. .  

grea te r ) :   ( 8  x 136 x $1.70 x .63 x .33) + $216 = 

33 
.3 3 
33 
33 

' 33 
33 
33 
33 
33 

$600 

= 24 
= 48 
= 72 
= 96 
= 120 
= 144 
= 166 
= 192 
= 216 

~ ~~~ ~ ~~ ~ 

Chill iwack 

1 X 136 x 0.86 , x .  11 ' x . . 65 8 
2 X 136 X 0.86 ., X 11 X 65 = 16 
3 X 136 x 0..86 x 11 x '65 = 24 
4 X 136 x 0.86 x '  11 . '  x 65 = 32 
5 X 136 x 0.86 x 11 x 65 , = 40 

(6 and 
. .  g r e a t e r )  : . (6 x 136 'x $1.70 x .'11 x .65) + $40 = $139 a 

. .  . . 

a: There are 6 f t  . of  stucco  above 5 f t  . above  ground l e v e l .  

. 
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( f )  Mixed Stucco-Siding - Class B Houses with no  Basement: 

Flood  Depth 
(Ft . Above . Per imeter   Cos t / sq . f t .  ' I n  Area In,  Area Damage 
Ground Leve l )   ( f t . )  ($1 '(x) ' (X) .,, ($1 

Richmond s 

. .  Mixed, No Basement  Cumulative 

I 

1 
2 X 136 x 0.86 x 63 x 67 = '98 

. . .  
X 136 x 0.86 x. 63 X 67 = 49 

3 X 136 x 0.86 x 63 x ' 67 = 147 
(4 and . .  
grea te r ) :  (5 x 136 x $1.70 x .63 x .67) + $147 = $635 

Chilliwack 
. .  

1. ' X 136 x . 0.86 x '  11' x 35 5 
2 X 136 x 0.86 x . 11 x 35 - 10 
3 .  X 136 x 0.86 x 11 x 35 = 15 

g r e a t e r ) :  (5 x 136 x $1.70 x .11 x .35) + $15 =-$60 

- - 
- 

(4 and 

(8) T o t a l   E x t e r i o r   F i n i s h  Damage ($) t o  "Average" Class B House: 

Flood  Depth  Siding  stucco Mixed 
(Ft.  Above with  with no wi th   w i th  no with. w i th  no. T o t a l  
Ground Level) Basement  Basement  Basement  Basement  Basement  Basement Damage 

Richmond 

1 
2 
3 
4 
5 
6 
7 
8 

10 
9 '. 

8 
16 
24 
32 
40 
48 
56 
64 
72 
80 

16 
32 
48 
64 
80 
96 
112 
128 
144 
160 

104 211 - .  . 24 
104 211 ,48 
104 2 11 72 
104 . 211 96 
104 211 120 
104. 211 144 
104. 211 166 
104 . 2i1 19 2 
208 211 216 
208 21 1 600 

49 
98 
147 
635 
635 
635 
635 
635 
6 35 
635 

4 12 
509 
60 6 
1142 
1190 
1238 
,1284 
1334 
1486 
1894 

Chilliwack 
1 45 24  496 194 . . 8 
2 90  48  496  194 . 16 
3 135 72 496 194 24 
4 180 96  496 . 194 - 32 
5 225 120 496 194' - .  40 
6  270  144 - ~ 496 . . 194. 139 
7  315  168 . . 496 ' 194 . 139 
8 3 60 19 2 496  194  139 
9 405 '216  496  19 4 139 

194 ' ' 139 

. .  

. , ' ' l o  .. ' ' , 

.450 . . .  . . 2 4 0 .  . .  . .  

5 772 
10 854 
15' , 936 
60 1058 
60 1135 
60 1303 
60 1.37 2 
60 1441 
60 1510 
60- . '  . .  ,1579 
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7. Lnsulation: 

Since 33% of the. Class B houses  sampled'have main. f l o o x s . a t  8 feet 

above  ground level (most  of t h o s e  in  Richmond), the increase in damage 

t o   i n s u l a t i o n  'that would  occur a t  9 and 10 f e e t  of f l ood ing  has been 

weighted by this f a c t o r .  Any v a r i a t i o n  i n  h s u l a t i o n  damage to   houses  

i n  the two d is t r ic t s  is insignificant so no d i s t i n c t i o n  is  made between 

the two areas. 

Flood  Depth 
(Ft.  Above Perimeter x Depth x Cos t / sq . f t .  = Damage ($1 
Ground Level) 

1 136 X 1 X. 0.15 - 20 
2 136 X 2 x 0.15. - 40 
3 136 X 3 X 0.15 - 60 
4 136 X 4 X 0 :15 - 80 
5 136 X 5 x 0.15 = 100 

, 6  136 X 6 X 0.15 = 120 
7 136 X 7 X 0.15 - 140 
8 1 3 6 ,  X 8 X 0.15 = 160 
9 .33 (136, X 1 X 0.15)+160 = 16 7 

10 .33 (136 X 2 x' 0.15) +160 = 174 

- 
- 
- 
- 

- 

Windows : 

There are similar g l a s s  areas in .  houses in e a c h   d i s t r i c t .  The d i f f e r e n c e  

between areas is accounted  for  by the d i f f e r e n t . . h e i g h t s  of t h e  windows 

above  ground level. 

Houses w i t h  Basements 
. .  

Ft.  above Ground 
Level at which  (Cost  of  Replacement + Removing Old) x Cumulative 
Damage Occurs (% basements) + (Damage a t  Lower Flood)   Total  ($) 

Richmond 
... 

2  (72 s q . f t .  x 7.10/sq.ft;) x (33%) + 0 = 169 
1 2  (180 s q . f t .  x 6.lO/sq.ft .)  x (33%).+ 169 = 531 

1 '(72 s q . f t .  x 7.10/sq.f t . )  x (65%) + 0 = 332 
7 (180 sq . f t .   x .6 . lOLsq. f t . )  x (65%) + 332 = 1,'046 

Chill iwack 

. 



. 

. 

(b) Houses  with no Basements . .  
. . .  

.. . . . 
-. . . 

, : 

Ft. Above Ground ' 
Level  at  Which I - (Cost of Replacement. + Removing  Old) x Cumulative 
Damage  Occurs , (% basements)  +'(Damage . .  . at  lower  flood)  Total ($) 

Richmond 
. .  

3 (32  sq.ft. x $5.00/sq.ft..) x 67% + . O  - - 107 
5 (76'sq.ft. x $7.lO/sq.-ft.) x 67% + 107' = 4 69 

3 ~ 
. *  .(32.sq.ft. x $5.00/sq.ft.) x 35%'+ 0 - - 56 

5 (76.sq.ft. x $7.10/sq.ft.) x 35% + 56 = ' 245 

Chilliwack i '  

(c) Total  Damage to Windows  in  "Average" B house  in  Each  Area . .. . .  

Flood  Depth 
(Ft. Above  Damage 
Ground  Level) ($1 

Richmond . .  i 

. .  . .  
. .  

2 
3  107 +' I69 = $ 276 
5 469 + 169. = $ 638 

12. 531 + 469 = $1,000 

. .  

, . . .  = .$ ... 169 . . .. , . . .  

. .  

Chilliwack . .  

2 .. = $ 332 . .  , .  

5 - ' 245'.+  332 -.. = .$  577 
3 

7 1,046 + 245 . = ' $1,291 

. I  

56 +'332 ' = $ 388 . .  
. .  

. .  . .  .. . . 

9 .  Heating: 
. . . . . . . 

A t  one  foot  above  ground  level in'both  Richmond'and  Chilliwack, 
damages. = $28 

. .  

1 .  . .  
. . .  

. .  

. .  

. .  

, :. .. , . . .  . .  , . .  . I .  
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A.4.2.3 T o t a l  Damage t o   S t r u c t u r e s :  

1. Main Floor  Damage Data - bo th   Vun ic ipa l i t i e s  combined. . 

Flood  Depth ' $  Damage ' t o  PaCtors 
(Ft.  Above Walls + Floor s  Doors  Cabinets Electric Cumulative 
Main Floor )   Ce i l ings  Damage ($) 

. .  . . , . . . . . . . Tot a1 
, *  

O+ 
1 
2 
3 
4 
5 
6 
7 
8 

- 
1,630 
1 ,630 
1,630 
1,630 
1,630 
1,630 
1,630 
2,253 

1 ,304 
1,304 
1 , 304 
1,304 
1,304 
1,304 
1,304 
1,304 
1 , 304 

- 
550 
550 
550 
550 
5 50 
550 
550 
5 50 

- 
792 300 

- 
792  300 
792 ' .  . 300 

1 ,'04 2 300 
1 ,042 300. 

1,042 300 
1,042 .300 

1,042  300 

$1 , 304 
4,576 
4,576 
4,576 
4,826 
4,826 
4,826 
4,826 
5,449 

2 .  'Basement Damage = 25% of Main Floor  Damage.' (This  estimate was der ived  

i n   c o n s u l t a t i o n  with Municipal  Appraisers .) 

Flood  Depth 
(Ft .  Above 0 1 2 3. 4 5' 6 7 8 
Basement F loor )  

. .  - 
Cumulative 
Damage ($1 326  1144  1144  1144 ,1207  1207 , 1207  1207  1362 

Flood  Depth - .. $ Damage 
(Ft .  Above E x t e r i o r  I n s u l a t i o n  Windows . Heat T o t a l  
Ground Level) F i n i s h  Damage 

Richmond 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

412 
50 9 
606 

1142 
1190 
1238 
1284 
1334 
1486 
1894 

2 0 .  
40 
60 
80 

100 
120 
140 
160 
167 
174 

- .  

169 

276 
638 
6 38- 
638 
638 
638 
638 

,276 

1 4  
28 
28 
28 
28 
28 
28 
28 
28 ' 

' 28 

446 
746 
970 

1526 
1956 
2024 
2090 
2160 
2319 
'2734 

. 

. 
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. . ;  . .  . .  3. Continued: . 

. -  . .  

. 
. . - .  

Flood  Depth $ Damage ~ . .  . '  

(F t .  Above E x t e r i o r .   , I n s u l a t i o n  , Windows Heat T o t a l  
Ground Level)   Finish . ,  

Chill iwack " . . 

. .  . .  < Damage 
. .  . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

772.. . _ _ .  
( 854 

936 
1,058 . 

1,135 
1,303 
1,372 
1,441 
1,510 
1,579 

20 
40 
60 
80 

100 
120' 
140 
160 
167 
174 

- .  28 
332  28 
388 28 
,388 28 
577  28 
577  28 

1,291 2 8 ,  
1,291 _ _  .28 . 

1,291 28 
1,291 28 

820 
1254 
1412 
1554 
1840 
2028 
2831 
2920 
2996 
3072 

. .  

.~ .. 

( .  

A. 4 i-3 S t ruc tu ra l '  .Damage - Class C House 

A.4.3.1  Average  House C h a r a c t e r i s t i c s  

1. Average 

.2.  Average 

3. Average 

4.  Average 

5. Average 

6.  Average 

7.  Average 

area - 760 s q . f t . '  

date   of   construct ion:-   1939 

va lue  - $6,456 

per imeter  - 104 f t .  

i n t e r io r   wa l l ed   foo tage  - 234 , f t  . .. . 

" 

i n t e r i o r   w a l l e d -  are'a . -  1,872 sq:, f t .  : ' . 

cos t   o f   r e s to r ing   hea t ing   sys t em:  . : . "  . I d  

$28 f o r   t h e   r e s t o r a t i o n   o f  a furnace.  

$10 f o r   t h e   r e s t o r a t i o n   o f  a s tove .  '' . , 

- Since 66% of   the  houses   have.   furnaces   and  -44%  have  s toves,   the  

average damage to '   he ,a t ing   sys tems,  when water .r 'eaches  one  foot 

above  ground, i s  '$23.' ' 

. - .  . 

. .  . . . .  

. . .. , .  . 

8. F loor   F in ish  - 19% t i l e  and  linoleum; 81% f i r . : -  . . .  , .  

. Carpet  and hardwood were found i n  less than. l%,.,o.f the   houses  
. .  

. . . ~  

.. - and were theref   o re   ignored  .. 
; 9 .   . I n t e r i o r   F i n i s h  - 73% gyproc;   27%..plaster .  , . , ~ 

10. Ex te r io r   F in i sh  - 72%' s i d i n g  (and sh ing le )  ; "28%  stucco '(mixed stucco- 
. . .  . " -  

s id ing   houses   r ep resen t  less than 5% of t h e   t o t a l  and are i n c l u d e d   i n  

the   s tucco   ca t egory ) .  



- 18, - 
11. 

12. 

Basements - 8% of a l l  Class C houses i n  Richond  have  basements.  

20% of a l l  Class C houses i n  Chilliwack  have  basements. 

Floor  Levels above Ground Level: 

Non-basement  houses 7 Main Floor  

Basement houses - Main Floor  

Basement Floor  Level 

A.4.3.2 Damage to Struc ture :  

1. Walls and   Cei l ings   ( In te r ior  Damage) : 

Richmond 1 ' f t .  

Chill iwack 1 f t .  

Richmond 8 f t .  

Chi l l iwack . 3 f t  . 
Richmond . 0 f t  . 
Chill iwack -5 f t  . 

. .  

S t r u c t u r e  Material Cost  of Removing Old Mater ia l  and Replacing 
~ ~~ 

p l a s t e r  27%  x 1872 s q . f t .  x $ .72 . = $ 364 

WProc 7 3 % ' ~  1872 s q . f t .  x $ .33 = $ 451 

To ta l  . .  $ 815 

C e i l i n g s   p l a s t e r  27% x 7 6 0 . s q . f t .  x $ .72 = $ 148 

gY proc 73% x 760 s q ; f t ,  x $ ' . 3 3  = ' $ 183 

To ta l  $ 331 

Water 1 f t .  above  main f loor   causes  $815 damage. t o  walls. 

Water 8 f t .  above  main  f.loor  causes  $1,146 damage t o  walls 61 c e i l i n g s .  

2. Floor   Finish:  
. .  

. .  

Damage ($)-  
Material (X of  area  cover-ed by ma te r i a l )  x ( f l o o r   a r e a )  x (removal 61 

replacement   cost)  

Tile-Linoleum  (19% x  760 s q .   f t .  x $ . 35 / sq . f t . )  - - $ 5 1  

F i r  (81% x 760 s q .   f t . '  x $1.1.5/sq.ft.) - - . $708 

To ta l  $759 

. 
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.. . 

3. Doors: 

7 x $50 = $350  damage a t  one  . foot   of   f looding.  . .  

4.  Cabinets: 

Lower: 10 f t  . long x $40/f t. = $400 a't 1 f t  . of f looding .  

Upper: 5 f t .   l ong   x '   $23 / i f t .  = $115 a t  4 f t .  of   f looding.  

Total   replacem.ent  cost  a t  1 f t .  of   f looding.   above  f loor  = $400. 

Tota l   rep lacement   cos t  a t  4 f t .  of   f looding  above  f loor  = $515. 

5 .   E lec t r i ca l :  , - .  

(Major  re-wiring a t  1 f t  . of   f looding)  

1 major   appl iance x $100' e a c h ' =  $100. 

6 .   Exter ior   Finish:  

Damage was weighted on t h e   b a s i s  of t h e  methodology  outl ined  for 

Class B houses  .(A.4.2.2,  (6) ) 

Calcu la t ions  are as follows: 

(a> S id ing   F in i sh  - House wi th  Basement 

P 

Flood Depth  Siding .. Basements  Cumulative 
(Ft  . Above .Per imeter   Cos t / sq . f t .   For  Area I n  Area Damage 
Ground. Level). ( f t . )  ($1 ( X . )  (%I . ($1 

Richmond 

. . , .  

1 X 104 x 0.86 . x 72 x .  8 = . 5  
2 x .  104, x 0.86. x 72 x 8 = 10 
3 X 104 x 0.86 x 72 x 8 - - I 5  
4 X 104 x 0.86  x 72 x 8 = 20 
5 X 104 x 0.86 x 72 x 8 = 25 
6 x .  104 x 0.86 x 72 x 8 = . 30 
7 ' X  1 104,  X 0.,86  x 72 x , 8 = 35 
8 X 104 x 0.86 X -72. . X 8 .  ' = 40 
9 ' .  X , - . .  194 X -0.86 X . 72 . X ' :8 : = . 4 5  

10 X 104 x 0..86 , . X  72 , .X 8 -  = 50 

. .  

_ .  

Chill iwack 
. .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

X 

X 
X 
X 

X 

X 

X 

X 
x 
X 

104 x 
104 x 
104 x 
104 x 
104 x 
104 x 
104 x 
104 x 
104'  x 
104  x 

0.86 
0 . 8 6 ,  
0.86 
0.86 
.O .86 . 

0.86' 
. 0 .86 '  
0.86 
0.86 
0.86 

x 72 x 20 = 13 
x .72  . x .  20 = 26 
x 72 x ' 2 0  = 39 
x 72 x .  20 ; ' = 52 
x 72 x 20 = 65 
x 72 x 20 ' = 78 

x 72 x 20 = 104 
x 72 x 20 = 117 
x 7 2  x 20 = 130 

I .  

X : 72 X 20 = 91 
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(b) S i d i n g   F i n i s h  - House w i t h  no  basement. 

Flood  Depth  Siding. Basements C,umulative 
(Ft. Above Per imeter   Cos t / sq . f t .   For  Area I n  Area Damage 
Ground Level) (f t  ) ($1 ( X >   ( X )  ($) 

Richmond 
1 X 
2 X 
3 X 
4 X 
5 X 
6 X 

- 7  X 
8 & g r e a t e r  x 

104 x 
104 x 
104 x 
104 x 
104 x 
104 x 
104 x 
104 x 

0 e-86 
0.86 
0 .-86 
0.86 
0.86 
0.86 
0.86 
0.86 

x 72 , ,x 92 = 59 
x , 

72 x 92 = 118 
x 72 x 92 = 177 
x 72 x 92 ' = 236 
x 72 . x .92 = 295 
x 72 x 92 , 

= 354 
x 72 x' 92 ' = 413 
x ' 72. x 92 = 472 

Chill iwack 

1 X 104 x 0.86 x . 72 ' x 80 = 52 
2 X 104 x 0.86 X 72 X 80 , = 104 
3 X 104 x 0.86 x 72 x 80 = 156 
4 X 104 x 0.86 x. ' 72 ' .  x ' 80 . = 208 
5 X 104 x 0.86 x 72 . x 80. = 260 
6 X 104 x 0.86 ' x  72 

, x 80 = 312 
7 X 104 x . 0.86 x 72 x 

' ' 8 0  ' = 364 
8 & g r e a t e r  x 104 x 0.86 x ' 72 . x 80" = 416 

(c) Stucco  Finish - House with Basement: 

If s tucco  is touched  by  flood water, t h e . e n t i r e - s t u c c o  . . .  wall must b e  

rep laced .  

Richmond: 

I f  f l ood  waters 'reach  one  foot  above  .ground. level,  8 f e e t  of s tucco  

must b e   r e p l a c e d ;   i f ' i t   r e a c h e s  9 f e e t ,   1 6   f e e t  must be   r ep laced .  

Flood  depth  of 1 t o  8 f t . :  8 x 104 f t .  x $ 1 . 7 0 . ~ .  28% x 8% = $32 

Flood  depth of 9  f t. and   grea te r :   16  x 104 f t .  x $1.70 x 28% x 8% = $63 

Chilliwack: 

11 f e e t  of s tucco  are des t royed   i n   Ch i l l iwack  when f lood  depths   reach 

one  foot  above  ground level. 

Flood  depth  of 1 t o  11 f t. above'  ground: 

11 x 104 f t .  x $1.70 x 28% x 20% = $109 

/- 

. 
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(d)   Stucco  Finish - House wi th  no Basement: 

Richmond : 
. -  . Flood  depth of '  1 f t .   o r  more above  .ground: . -. 

: .  

8 x 104 x $1.70 x 28% x 92% = $364 9 

Chill iwack: 

Flood  depth  of'  1 f t .   o r  more  above  ground: 

8 X 104 X $1.70 X 28% X 80% - $317 

(e) T o t a l   E x t e r i o r   ' F i n i s h  Damage t o  "Average" Class ' C  House; 

Flood  Depth S i d h g  s tucco Tot a1 
(F t .  Above . w i t h , ,  ' wi th  no ,wi th  ' with  no Cumulative 
Ground Level). ' Basement  Basement Basement  Basement Damage ($) 

Richmond 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5 
10  
1 5  
20 
25 
30 
35 
40 
45 
50 

59 
118 
17 7 
236 
295 
354 
413 
47  2 
472 
4 7,2 

32  364  460 
32  364  524 
32 . 364 ' - .  588 . 
32  364 6  5.2 
32 .. 364  716 
32  364 7 80 
32 ' 364  844 . 

,32 '  ' -.364  908 
63  364  944 
63  364  949 

. .  

. .  . 

Chill iwack 

1 1 3  52 109  31 7 491 
2 26 104  109  313  556 - 
3 ' .39  156  109 , 317 621 
4 52  208 109 317 686 
5 65  260 i o  9 . ' 317 751 
6 78  312  109 , 317 816 
7 91  364  109 317 881 
8 104  416 109 317 946 
9 117 4 16  109 317 959 

10 130 .. . . ..416 ' 109 ' 317 972 

. .  

- . 7 .  Insu la t ion :  

17% of t h e  Class C houses  sampled  have  main  floors 8 feet   above  ground .' level. Thus ,   t he   i nc rease   i n  damage t o   i n s u ' l a t i o n   t h a t  would  occur 

between 9 and 1 0  f e e t  of flooding  has  been  -weighted by t h i s   f a c t o r .  The 

two areas have  been  grouped  together  . . for '   this  type of damage. 

I 
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Damage t o   I n s u l a t i o n  

- 
Flood  Depth 
(F t .  Above 
Ground Level) , , 'Perimeter:' , .' x .Depth. .  . x' "Cost /sq.f t .  = $ Damage 

P 

1 104 X 1 X 0.15 - 16 
2 104 X ' 2  X 0.15 - 31 
3  104 X 3 X 0.15 - 47 

5  104 X 5 . . x  . ' 0.'15 = 78 
6 104 x . 6  X ' 0.15 - 94 
7 104 X 7 X ,  0.15 - 109 
8  104 X 8 X 0.15 = 125 
9 .17 (104 . x . 1 X 0.15)+125 = . 128 

10 .17 (104 X 2 ' '  X .0.15)+125 = 130 

- 
- 
- 

4 .  104 X 4 X .O. 15  62 

- 
- 

8. Windows 

( a ) .   T o t a l  - Richmond (basement  and  non-basement  houses) : 

Flood  Depth 
(F t .  Above (Cost  of  Replacement + Removing Old) Cumulative 
Ground Level) + (Damage- a t  Lower Flood) T o t a l  ($) 
~- ~~ ~ 

3 30 s q . f t .  x (4 .75/sq . f t . )  + - 0  , ' " 1 4  3 
5  48 sq . f ' t .  x (6 .60/sq . f t . )  + 143. . - - 460 

(b)  Chilliwack 

Flood  Depth 
(F t .  Above . (Cost  of  Replacement 61 Removing Old) x (% .Basement  Cumulative 
Ground Level)  or  non-basement) + (Damage a t  .Lower .Flood), Tota l  ($) 

House with Basement 
2 (48   sq . f t .  x (6.60)sq.f.t.) 'x 20% + 0 - 6 3  
7 (120 s q . f t .  x (5 .25/sq . f t . )  x 20% + 63 = 189 

- 

House with No Basement 
3  (30 s q . f t ,  x (4 .75/sq.f t . )  x 80% + 0 = 114 
5 (48  sq.f t .  x (6.60/sq.ft .)  x 80% + 1 1 4 '  - - 367 

To ta l  - A l l  Houses 
2 63 -t- 0 
3 114  + . 63 
5  ,367 +- 63 = 430 
7 189 "I- 367 , . , 

- - 63 
= 177  

. .  

. . .  
= 556 
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. 
9 .  Heating: 

$ 2 3  a t  one foot   above  ground  level .  . 

, .  
A.4.3.3 Tota l  Damage t o   S t r u c t u r e s  

1. .Main  Floor Damage Data - both  Municipal i t ' ies   cokbined.  

Flood  Depth . $ Damage to   Fac to r s   To t  a1 
(F t .  Above I n t e r i o r   F l o o r s ,  Doors Cabinets Electr ic  Cumulative 
Main F loor )   F in ish  Damage ($1 

4 
5 
6 
7 
8 

- 
815 

815 
815 
815 
8 15 
815 

1,146 

815 

759 
7 59 
759 
7 59 
759 
759 
759 
759 
7 59 

- , -  

350  400 

3 50  400 
350  515 
350  515 
350  515 
350  515 
350  ,515 

350 ' 400 

- 
100 
100 
100 
100 
100 
100 
100 
100 

759 
2424 
2424 
2424 
2539 
2539 
2539 
2539 
2870 

, 2. Basement Damage - 25% of Main Floor.Damage 

. .  

Flood  Depth 
(F t .  Above O+ 1 2 '  3 ' , 4  5 6 7 8 
Basement Floor) 

Cumulative 190 ' 606  6d6  606 . 635  635 , 635  635  718 

. .  

. -  

Damage ($1 . .  . 

3.  Exte r io r  Damage 
. . .  

Flood  Depth 
(F t  . Above E x t e r i o r   I n s u l a t i o n  ,,Windows . ,,Heat E x t e r i o r  
Ground Level) " Fin i sh  ' ' : '  Damage 

. .  
. .  $ Damage 

Richmond 

1 
2 
3 
4 
5 
6 
7 

. 8  
9 

10 

4 60 
524 
588 
652 
,716 
780 
844 
908 
944 
949 

16  
31 
47 
62 
78 
94 

109 
125 
128 
130 

c - 
1 4  3 
1 4  3 
460 
460 
460 
460 
460 
460 

23 
23 
23 
23 

23 
23 
23 
23 
23 

23 

499 
578 
'801 
880 

1,277 
1,357 
1,436 
1,516 
1,555 
1,562 
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3. Continued 

Flood  Depth $ Damage 
(F t .  Above E x t e r i o r   I n s u l a t i o n  Windows Heat   Exter ior  
Ground Level)   Finish Damage 

Chill iwack 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

491 
556 
621 
686 
751 
816 
881 
946 
959 
972 

1 6  
31 
47 
62 
78 
94 

109 
125 
128 
130 

- 23 
6 3  : 23 

177 23 
177 23 
4 30 23 
430 23 
556 23 
556 23 
556 23 
556 23 

5 30 
673 
868 
948 

1,282 
1,363 
1,569 
1,650 
1,668 
1,681 

A.5 Content Damage 

A. 5 .1  Class A House 

1. Average  value - $28,506 

2.  Tota l   va lue  of contents  - 40% x $28,506’=  $11,402. 

3. D i s t r i b u t i o n  of content   value  in   houses   with  basements  - 
Main Floor   value - 90% x $11,402.=  $10,262 

Basement va lue  - 10% x $11,402 = $ 1,140. 

4. Damage to   Contents   on Main Floor:  , ,  . 

Flood  Depth 
(F t .  Above $ Damage to .Con ten t s  
Main Floor)  House wi th  Basement . . House wi th  no  Basement 

1 25% X $10,262  $2,565 ’ 25% X.$,l1,402 = $2,850 
2 45% x $10,262 = $4,618 45% x $11,402 $5,131 

‘3 60% x $10,262 =: $6,157 60% x $11,402 = $6,841 
4 70% x $10,262 =: $7,183 70% x $11,402 = $7,981 
5 75% x $10,262 = $7,697 75% x $11,402 = $8,552 

6 and g r e a t e r  80% x $10,262 = $8,210 . 80%”~ $11,402 = $9,122 

T 

. 



5. Damage to   Con ten t s  of Basements: .. . 

. .  

Flood  Depth 
(Ft .  Above 
Basement Floor)  . : 

. .  
$ 'Damage to-   Contents  

1 25% ' 'X - $1,140 = '  $285 
2 45% X ,$1,140 = $513 
3 60% x $1,140 = $684 

70% x $1,140 = $798 
5 \ - . .75% x . $1,140 =. $855 
4 

I .  

6 and great .er  ' ' 805 ' x  $1,140 = $912 . '. 

. .  
, .  

. .  
. .  

. .  . 

A.5.2 Class B - H o u s ~  . .  

1. Average  value - $15,100 
2. Total.   Value  of.contents - 40% x $15,100 = $6,040 
3. Distr ibut ion  of   content   value  in ,houses   with  basements  - 

- . .  

' ' -Main Flqor  va lue  . -  90% x $ 6,040 =. $5,436 . . ' 

Basement va lue  - 10% x $ 6,040 = $ 6.04 

4. Damage t o   c o n t e n t s  on  main f l o o r :  

. 

Flood  Depth 
(Ft  . Above 
Main Floor)  

$ Damage to   Contents  
House with Basement  House with no Basement 

" 

6 and g r e a t e r  

25% x $5,436 = $1,359 . , 25% x $6,040 = $1,510 
45% x $5,436 = $2,445 . .'. .-.. _. . . 45% X $6,040 = $2,718 
60% x $5,436 = $3,262. ;.;-'. 60% x $6,040 = $3,624 

75% x $5,436 = $4,077. .. .. '. : 75% x $6,040 = $4,530~ 
80% x $5,436 = $4,34? . ' . .  ... ... 80% x $6,040 = $4,832 

, 70% x $5,436 = $3,805 , . . .  ' . - 70% X $6.,040 = $4,228 
. .  

. .  

5. Damage to   con ten t s   o f  basement: 

Flood  Depth 
(Ft  . Above 
Basement Floor)  $ Damage to   Contents  

1 25% x $604 = $151 
2 45% x $604 = $272 
3 60% x $604 = $362 
4 70% x $604 = $423 
5 75% x $604 .= $453 

6 and g r e a t e r  80% x $604 = $483 



A.5.3 Class C House 

1. Average  value -. $6,456 

2 .  Tota l   va lue   o f . con ten t s  - 40% x $6,456 =. $2,582 

3 .  Dis t r ibu t ion   o f   con ten t   va lue   i n   houses  with basements - 
. .  

Main Floor  value - 90% x $2,582 = $2,324 

Basement va lue  - 10% x $2,582 = - $  258 

4 .  Damage to   Contents  on Main Floor:  

Flood  Depth 
(Ft.  Above $ Damage to   Contents  
Main Floor)  House wi th  Basement  House with no  Basement 

1 25% x $2,324 = $ 581 25% x $2 ,582  = $ 646 
2 45% x $2,324 = $1,046 45% x $2,582 = $1,162 
3 60% x $2,324 = $1,394 60% x $2,582 = $1,549 
4 70% x $2,324 = $1,627 .70% x $2,582 = $1,807 
5 75% x $2,324 =. $1,743 75% X $2,582 = $1,937 

6 and g r e a t e r  80% x $2,324 = $1,859 
. .  

. '  80% 'x' $2,582 = $2,066 

. .  

5 .  Damage to  Contents  of Basement: 

Flood  Depth 
(Ft .  Above $ ,Damage to   Contents  . ' 

Basement Floor) 
. . .  

1 25% x $ 2 5 8 . 5  $ . 65  
2 45% X $258 = $116, ' - . . 

3 60% x $258 = $155. 
4 70% ~ ' $ 2 5 8  = $181 
5 75% x $258 = $194, . .  , 

:. . 

. .  

6 and g r e a t e r  80% x $258 = $206 . .  
.. . 

. .  
. .  

, .  . .  
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A . 6  Combined  Structural  and  Content  Damage . 

A. 6.1 Class A House 

1. Main Floor Damage 

Flood Depth' House  with  Basement House  with  no  Basement 
(Ft.  Above Structural  Content  Total .Structural  Content  Total 
Main  Floor) Damage  Damage  Damage Damage  Damage  Damage 

" 

$ ' .  $ $ $ $ $ 

o+ 1278 - 1278 1278 - 1278 
1 5951 2565 . 8513 5951 2850 880 1 
2 . 5951 4618 10569 5951 5131 11082 

4  6356 7183 13539 6356 7981 14337 
5  6356 7697 1.4053 6356 8552 14908 

7 6356 - .8210 14566 6356 9122 15478 

' 3  59 51 6157 12108  5951  6841  12792 

6  6356 8210 14566 6356 9122 15478 

8 7337 8210 15547 7337 9122 16459 

3 
2. Basement  Damage 
P 

Flood  Depth Structural Content Tot  a1 
(Ft . Above Damage Damage . Damage 
Basement  Floor) $ $ $ 

o+ 320 - 320 
1 1488 285 1773 
2 1488 513 2011 
3 1488 684 2172 
4 I 1589 798 2387 
5 15 89 855 2444 
6 1589 912  2501 
7 1589 912 2501 
8 1834 9 1 2  2746 

. 
3. Exterior  Damage  (See A.4.1.3 (3) ) 



- 28 - 
A.6.2 Class B House 

1. Main Floor  Damage . . . .  

Flood  Depth  House with 'Basement House with no Basement 
(Ft. Above St ruc tura l   Content   Tota l   S t ruc tura l   Content   Tota l  
Main Floor)  Damage 

$ 
Damage 

$ 
Damage 

$ 
Damage 

$ 
Damage 

$ 
Damage 

$ 

0-t 
1 
2 
3 
4 
5 
6 
7 
8 

1304 
4576 
4576 
4576 
4826 
4826 
4826 
4826 
5449 

-, 

1359 
2446 
3262 
3805 
4077 
4349 
4 349 
4349 

1304 
5935 
7022 
7 838 
8631 
8903 
9175 
9175 
9798 

1304 
4576 
4576 
4576 
4826 
4826 
4826 
4826 
5449 

c 

1510 
2718 
3624 
4228 
4530 
4832 
4832 
4832 

1304 
6086 
7294 
8200 
9054 
9356 
9658 
9658 

10281 

2 .  Basement Damage 

Flood  Depth S t r u c t u r a l  Content To ta l  
(Ft .  Above Damage Damage Damage 
Basement Floor)  $ $ $ 

i 

ot 326 - 326 
1 1144 151  1295 
2 1144 272  14 i6  
3 1144 362  1506 
4 1207 423  1630 
5 1207 453  1660 
6 1207 483  1690 
7 1207 483  1690 
8 1362 483  1845 

t 

3.  E x t e r i o r  Damage (See A.4.2.3 ( 3 )  ) ,  

. 



A.6.3 Class C House * 

1. Main Floor  Damage 

Flood  Depth House with Basement House wi th  no Basement 
(Ft.  Above ' S t r u c t u r a l   C o n t e n t   T o t a l  S t ruc tura l   Content   Tota l  
Main Floor)  Damage  Damage  Damage Damage  Damage  Damage 

- $  $ .  ' $ $ $ $ 

O+ 
1 
2 
3 
4 
5 
6 
7 
8 

759 
2424 
2424 
2424 
2539 
2539 
2539 
2539 
2870 

- 
581 
1046 
1394 
1627 
1743 
1859 
1859 
1859 

~~ 

759 
1 3005 
3470 
3818 
4166 
4282 
4398 
4398 
4729 

~~ 

759 
2424 
2424. 
2424 
2539 
2539 
2539 . 
2539 ' . 

2870 

646 
1162 
1549 
1807 
19  37 
2066 
2066 
2066 

~~ 

2. Basement Damage 

Flood Depth S t r u c t u r a l  Content To ta l  
( F t .  Above Damage Damage . Damage 
Basement Floor) $ $ $ 

ot 19 0 - 19 0 
1 606 65 . .  671 
2 6 06 116. ' 722 
3 60 6 155 761 
4 635 181 816. 
5 635 194 829 
6 635 206 841 
7 635 206 84 1 
8 718 206 9 24 

759 
3070 
3586 
3973 
4346 
4476 
460 5 
4605 
4936 

3. Exte r io r  Damage (See A.4.3.3 (3) ) 
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A.7 Lower Fraser Valley 

A . 7 . 1  C r i t i c a l   C h a r a c t e r i s t i c s  of Houses by Area. 

Main Floor .Level' Above Ground ' (f t . ) 
Area % of Houses i n  % of House Houses  Houses  Without 

Each Class ' With  Basements  With  Basements Bas emen t s 

A B .  C .  A B C A  B C A  B C 

44 56 
48 52 - 
20 80 - 

- 

- 100 

28 72 
11 89 
20 80 
29 . 7 1  
74 23 100 
50 47 100 
48 52 - 
24 76 - 
34 66 - 
46 51 IO0  - 100 - 
F 100 - 

- 100 - 
54 46 - 
65 23 0 
9 1  8 0  

- 
30  70 - - - 

- 
- 

100 - - 

75 
36 
0 

30 
66 

100 
10 0 

0 
33 
33 
50 
62 
33 
59 

- 

- 
- 

80 

2 1  
65 
65 

- 

25 -. 

38 - 
25 - 

0 -  
14 - 
14 - 
57 - 
50 - 
0 -  

20 3 
20 3 
23 - 
56 - 
0 -  

28 3 
28 - 
35 - 
0 -  

33 - 
8 -  
8 -  

- -  

6 3 
6 4 
c 4 
- 0 
3  3 
4 3 
4 3 
5 4 

3  3 
3  3 
3  3 
3 4 
3 
8  3 

4 
6 

- - 

- 
- 
- 
8 

8 ' 6  
8 8 
8  8 

- 
- - 

. 
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A . 8  Upper F rase r  and Thompspn Valleys 

A . 8 . 1  C r i t i c a l   C h a r a c t e r i s t i c s  of Houses  by Area 

Main Floor Level Above Ground (f t .)  
Area % of Houses .% of Houses  Houses  Houses  With- 

i n  Each C l a s s  With  Basements With  Basements out  Basements 

A B  C A  B C A . B  C A  B C 

Kamloops 

Area (A) - 85 15 - 77  100 - 3 3 -  1 - 
(B) - ' 36 64  - 100 56  - 3 2 -  1 
( C )  - 50  50  - 7 3   4 8  - 03 2 -  1 1 
(D) - 7 5  25 - 66  0 -  3 1 1 
(GI - - 100 - 28 - 1 
(HI - - 100 - 35 - 1 

- 
- - 

- - .  4 -  
. 6  - 

- - - 
(M) - 100 - - 100 " 3 - c - - 

Oak 
Hills 20 80 - 100 80 - 3  3 1 

Quesnel - 45  55 - 70 10 - . 3   3 .  - 1 

Pr ince  
George 

Area (B) - 3 0   7 0  - 65   15  - 4 3 -  2  2 
(C) - 90 10 - 6 0  40 - 3 3 -  3 2 
(E) - - 100 - 3 

- - - 
- 

- " - - - - 
. .  
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APPENDIX B 

COMMERCIAL AND INDUSTRIAL 

FLOOD DAMAGE , 
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B . 3  Letter of In t roduc t ion  - .  
.. . . .  

. .  

Dear S i r :  

The Planning  Division  of  the  Federal   Department  of  the  Environment 
is cur ren t ly   undetak ing  a s t u d y   t o   e v a l u a t e   t h e   f l o o d  damage p o t e n t i a l   i n  
the  Lower 'Fraser   Val ley.  The major  purpose of t h i s   s t u d y  is to   de t e rmine  
t h e  damages t h a t  would occur at va r ious  water l eve l s   du r ing   f l ood   pe r iods .  
The damage estimates w i l l  be   used   to   de te rmine   the  damage p o t e n t i a l   t h a t  
may be  reduced by construct ing  dykes  and  upstream  s torage  reservoirs   which 
w i l l  b e n e f i t  you as a proper ty  owner. 

I n   o r d e r   t h a t  damage estimates b e   c a l c u l a t e d ,  i t  i s  necessa ry   t o  
conduct a two-part .survey. ,  , 

. .  
, .  

, .  

. Part   .one:of   the  survey  involves  a ques t ionnai re   ( see   enc losed)  
desi'gned to   p rov ide   gene ra l   i n fo rma t ion   t ha t  i s  r equ i r ed   fo r   t he   s tudy .  
The ques t ions  are of a s t ra ight - forward   na ture ;  a t  a l l  times t h e   r e p l i e s  
w i l l  b e   t r e a t e d   i n  a c o n f i d e n t i a l  manner,  and.none of the  information  pro-  

g r o u p e d   w i t h   o t h e r , d a t a . t o  . .  produce the-required.statistics. 
, vided  by you w i l l  be  used on an   , i nd iv idua l   bas i s .  The r e p l i e s  w i l l  be  

The  .quest ionnaire  will be  'at y o u r   d i s p o s a l   f o r  a pe r iod   t ha t  w i l l  
. .  

al low  adequate  t i m e  f o r   y o u , t o   p r o v i d e   t h e   i n f o r m a t i o n   r e q u e s t e d .   I n   t h e  
n e a r   f u t u r e ,  w e  w i l l  contac t   you ,by   phone   to ,   c la r i fy  any  problems t h a t .  may 
have a r i s e n   i n  answeking  the  quest ionnaire ,  and to   arrange  an  appointment  
wi th  you to   comple te   par t  two of the  survey..  

. ,  

In . - the"   second  par t ,  w e   w i l l  r e q u i r e  'estimates. of  damage t h a t  would 
occur   to   your   bu i ld ings ,   equipment ,   and   inventory   in   the ,event   o f   f looding  
to  various  depths.   For  example,  we'will h a v e .   t o   d e t e r m i n e   t h e  damage t h a t  
may occur a t  one,   two,   and  three  foot .depths .   This   analysis  w i l l  r e q u i r e  
an   inventory   o f   machinery   and   o ther   f ixed   fea tures  found a t  t h e s e   i n t e r v a l s  
t o . d e t e r m i n e   t h e i r r e p a i r   o r   r e p l a c e m e n t   c o s t s .   F u r t h e r   e x p l a n a t i o n   o f   t h i s  
second  par t   of   the   survey will be   g iven  when con tac t  i s  made as mentioned 
earlier. 

. .  

The na tu re   o f   t he   s tudy   r equ i r e s   ' t ha t  a l l  i n d u s t r i e s   l o c a t e d   i n  
the  immediate   proximity  of   the   Fraser  River be  interviewed,   hence  your  co- 
ope ra t ion   and ' a s s i s t ance  w i l l  b e  of the  utmost  importance  and  greatly 
apprec ia ted .  

The  names  of those   conduct ing   in te rv iews   in   your  area are: 

is in   cha rge   o f   t he   s tudy  and i f   t h e r e  
are any  problems o r   i f  you  have  any  questions a t  t h i s  time, p l e a s e  do n o t  
h e s i t a t e   t o  write o r   c a l l  him  ( te lephone) .  

I hope t h a t   & i s  letter w i l l  s e r v e  as an   in t roduct ion   to   our   s tudy  
and tha t   your   co-opera t ion  w i l l  be  forthcoming. 
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B.4 Condensed I n d u s t r i a l   Q u e s t i o n n a i r e .  

f o r  Firms t h a t  had F a i l e d   t o   R e t u r n   I n i t i a l   Q u e s t i o n n a i r e  

Dear S i r :  

Recently w e  s e n t  a r ep resen ta t ive .o f   t he   P l ann ing   D iv i s ion   o f   t he  
Federal   Department  of  the  Environment  into  your area .to assess p o t e n t i a l  
i n d u s t r i a l   f l o o d  damage. A t  t h e  time of the  assessment ,  we l e f t   w i t h   e v e r y  
f i r m  a q u e s t i o n n a i r e   c o n t a i n i n g   q u e s t i o n s   r e l a t e d   t o   i n d u s t r i a l  damage 
p o t e n t i a l .  

Upon examining  our  records,  w e  f i n d   t h a t  w e -  do no t  as ye t   have  a 
reply  from  your company. I f   we .do   no t   ob ta in   t he   necessa ry   i n fo rma t ion  
from  you,  the  accuracy  of  our  study w i l l .  s u f f e r  and t h i s   c o u l d   a f f e c t   y o u  
both'  as a t a x   p a y e r   a d  a f l o o d   p l a i n   r e s i d e n t .  

An e v a l u a t i o n   o f   t h e   p o t e n t i a l '   l o s s e s   t o   e v e r y   i n d u s t r y  i s  
extremely  important i f  we are t o   d e t e r m i n e   t h e  most  economical method of 
p rov id ing   f l ood   p ro tec t ion   fo r   t he   F rase r   Va l l ey .  ,' 

It would be   apprec i a t ed ,   t he re fo re ,   i f   you  would mail i n   y o u r  
. completed  quest ionnaire-as   soon as possible .   Should  you  require   another  

copy,  you w i l l  f i n d ,   a t t a c h e d   t o   t h i s  letter -for  your  convenience,  a 
s impl i f ied   and  somewhat sho r t e r   ve r s ion ,   a long   w i th  a self-addressed  envel-  
ope. 

Once a g a i n ,   i f  you  have  any.prob'lems, do n o t   h e s i t a t e   t o  ca l l  
Mr. a t  ( te lephone)  . 

Thank  you for   your   co-operat ion,  



1. 

2.  

3. 

4 .  

5. 

6 .  

7. 

8 .  

9. 

10. 
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, I  

, , . . I . , Date .. 
. .  . ..:, : - , . .  ' 

NO. 
. _ .  . . .. . 

FRASER RIVER 'JOINT PROGRAMME' COMMITTEE. 

SURVEY OF POSSIBLE FLOOD DAMAGES TO 1NDUSTRIAL.PROPERTIES . ' 

I .  . 

. .  

" .  

Type of i n d u s t r y  . .  

Acres of -property:  -(A) I n  Use (B) I d l e  

Squa re   f ee t  of roof  coverage - 

Construct ion .material of bldg.  (s): Wood .' . Concrete  Blk.   Brick 

Average va lue  of f inished  products   on hand a t  any  one time dur ing   t he  

month of June  $ . .  . 

Average  value- of- r aw.  materials on  hand a t  any  on,e time dur ing   t he  month 

of  June $ .' 

Average  monthly  production $ . ,  . .  

T o t a l  number of employees - ' .  

Total   monthly  payrol l  $- . . 

L i s t  your  most  important  products by va lue  and l o c a t i o n  of purchasers .  

. .  

. .  

Product ' Des t ina t ion  Annual $ Value of Shipments 
( l e s s   t r a n s p o r t a t i o n   c o s t s )  % t o  B.. C,. % '  out  of province 

, .  . .  

- 
. .  

. .  

T o t a l   v a l u e  of 
a l l  Shipments 
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11. List most important material used i n  production by value and location. 

Material 

Total Annual Cost 
of  Production 

> .  

% Purchased % .Purchased 
$ Total Cost from  Firms from  Firms 
per Annum Located in  B . C .  Out of  Province - 

.- 

.;’ 
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B.6 Average Unit   Stage Damage Estimates f o r   S e l e c t e d   I n d u s t r i a l   C a t e g o r i e s  

" - 
. /  

Land Used Flood Depth' i n   F e e t "  - .. I n d u s t r i a l  
Acres of 

~ Damage p e r  Acre of  Land Used ($1000) a 
- 
" , . Category 

'+ . Number 

17 

40  56 
1 5 1  

25  50 
1 48  

45  44 
47 

. 59 1 
6 3  4 
67 3 
68  1 
69 13 
7 0  13 
7 2  

8 7 3  
6 

3 9 8  
19 96 
49 9 3  

5 8 1  
2 7 8  
i 77 
2 76  
8 7 5  

, 50  
4 5  
1 

37 
1 

248 
3 
5 
4 
1 

26 
24 
12  
14 
1 5  

6 
2 
6 
9 

50 

4 
- 

3' 

55 

2 

6 

7 
4 3  

2 

3 3  
12  
24 
1 5  

6 

6 

58 

4 

- 
- 

- 
- 

- 
- 

- 

- 
- 

Per  
Employee 

6' 

395 
.0556 - .0284 

1 5  : 1508 - .0416 - 
.0392 - 
.0402 - .6725 

7 1  .0798 - .4286 
4 ,0897 - .0250 - .0496 

22 .0546 - .0467 - .0909 - .1759 - .0877 
- .0378 - .0199 - .0544 
- .0862 - .1327 

kres of 
;and Used 
!er Sq.Ft.  

of 
? l a n t  Area 

.00005 

.00003 

.00019 

.00010 

.00020 

.00004 

.00006 

.00012 

.00012 

.00013 

.00008 

.00007 

.00010 

. O O O l l  

.00008 

.00026 

.00006 

.00006 

.00004 

.00005 
.00009 
.00028 

a Note:  These  figures are presented  only t o  i l l u s t r a t e   t h e  relative magni- 
tudes  of   the  damages e s t i m a t e d   f o r   v a r i o u s   i n d u s t r i e s ;   t h e i r  
u se fu lness  i s  s e v e r e l y   l i m i t e d   d u e   t o   e x t r e m e   f l u c t u a t i o n s   i n  
changes  observed  from  firm  to  f irm. 

Flood Depth r e f e r s   t o   f e e t  above   f l oo r   l eve l   excep t   fo r   i ndus t ry  No. 48  
i n  which  case i t  r e f e r s   t o   f e e t  above  ground level. 

Source:  Field  .Survey, Lower Fraser, 1 9 7 1  
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C. 1 Per   Acre '  Crop Damage 

P 

. 

. , . .  
. . .  . .  

. . .  

Gross Other Non Labour 
Returns Income Costs Not . Per  

Type of  Crop Per  . , Loss  by Incurred Acre 
O r  Crop-Group Acre Flood By Flood . Damage 

. ($1 ($> ($1  ($1 

A.. Perennial   Crops 

1) Tame Hay & Legumes 140 50 

2) Pas tu re  120 50 

3) Other  Fodder  Crops 140 50 

4) Strawberr ies  l,, 600  500 

5) Raspberr ies  2,000 900 

6) Other   Small   Frui t  1,500 .- 
7) Tree F r u i t  1,000 2,000 

8) Nursery  Products 

a. Christmas Trees 2,500 - 
b. Mixed Varieties 3,000 2,000 

9) Hops 1,550  1,100 

B.. Annual  Crops 

10) Greenhouse  Products - 
Grain  Crops 

Oats f o r  Hay 

Corn f o r   E n s i l a g e  

Vegetables. 

Pota toes  

Green  Beans 

Wax Beans 

Beets (Bunched) 

Broccol i  

Brussel   Sprouts  

Cabbage (Early)  

130 

130 

300 

660 

300 

270 

2,700 

550 

800 

1,120 

21) Cabbage (Mid & Lat'e) 690 - 
22) Cabbage  (Savoy) 1,220 - 

10 180 

10 160 

10 180 

I 50 ' 2,050 
50 2,850 

-. 1,500 

. loo 2,900 

100 2,400 
- 5,000 

50 2,600 

- 43,560 

5 125 

15  115 

30  2 70 

\ 

60 600 

30' 270 

30 240 
.. . . 

200 2,500 

150 400 

350  450 

180 940 

160 5 30 

200 1,020 

Table  continued  on  Page 52 
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Gross  Other Non Labour f 

Type of Crop Returns Income . C o s t s  Not \Pe r  
Or Crop-Group Per  Loss By Incurred Acre E 

Acre Flood By Flood Damage 
($1 ($1 ($1 ($1 

Cabbage  (Chinese) 

Carrots  (Bunched) 

Caulif  lower 

Celery 

Sweet  Corn 

Cucumbers (S l i c ing )  

Cucumbers (Pickl ing)  

Le t tuce  (Head) 

Le t tuce   (Bu t t e r  & Red) 

Onions  (Bunched) 

Pars   l ey  

Parsnips  

Peas 

Peppers 

Pumpkins 

Radishes 

Rhubarb 

Ru tab  agus 

Spinach 

Squash 

Miscellaneous 

1,875 

2,390 

820 

1,475 

190 

875 

725 

1,430 

900 
2,750 

2,640 

84 0 

2 30 

440 

390 

1,840 

1,380 

9 30 

870 

540 

440 

2 00 

190 

240 

375 

40 

350 

125 

300 

160 

150 
140 

140 

30 

40 

70 

200 

80 

100 

100 

200 

90 

1,675 

2,200 

6 80 
1,100 

150 

525 

60 0 

1,130 

740 

2,600 

2,500 

7 00 

200 

400 

320 

1,640 

1,300 

830 

770 

340 

350 
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P 

r i  

. 

. 

9 
C. 2 Percentage  of 'Acreage Under Di f f e ren t  Crops  and  Average Damage by 

. Dyking' Dis t r ic t  . .  . . .  
. .  

I _ .  .. . .  

Crop  Type o r  Grou? % Each-Crop of Total   Acreage by Dyking District 
(1) (2) (3) (4) 

Richmond Delta Burnaby Coquitlam 
Trapp Rd. 

A. 

1) 

Perenn ia l  Crops 

Tame Hay, Legume 
& Other Fodder 
Crops 20 .o 
Pas tu re  28.9 
Strawberr ies  8.0 

Raspberr ies  .2 

Other Small F r u i t  7.2 
Tree F r u i t  .1 

Nursery  Products 

a. Christmas Trees .5 

b .  Mixed Varieties 1.7 

8) HOPS - 

26.9 
22.2 

- 

- 
.4 

.7 
- 

. .  

30 .O 
54.0 

.2 

2.7 

B. Annual  Crops * 

9) Greenhouse  Prod. .07 .01 .07 - 
10) Grain  Crops 7 .O 14.4 5.1 

11) Oats f o r  Hay 1 .o . 7  - 6.6 

12) Corn f o r   E n s i l a g e  1.2  .6 - - 
13) Potatoes  12.9  14.7 - 

C. Vegetables 11.3 20.1 99.3  1.4 
(Weighted  Average 
For Each Area) : , ' 

Damage Per  Acre by Dyking District  

Average Cr0.p  Damage . $650.00 , ' " $265 .OO $1525 .OO $205.00 

Continued on Page' '54. 
. .  

. .  

. .  
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C.2 Continued 

% Each  Crop o f 'To ta l   Acreage  by  Dyking D i s t r i c t  
Crop  Type o r  Group 

(5) (6) ( 7.) (8)  
c- 

P i t t   P i t  t Barnston , Albion + 
Meadows  Meadows I s l and  Road 1 3  7 

Maple No.1, No.2 
Ridge P i t t   P o l d e r  

(A) Perenn ia l  Crops 

(1) Tame Hay, Legume 40.8  68.8  45.4  29.4 
6 Other  Fodder 
Crops 

(2)   Pasture   44.6  20.1 38.2  60 .O 

(3) S t rawberr ies  - - - - 
(4)  Raspberries - 
(5)   Other   Small   Fni i t   2 .2  

(6) Tree F r u i t  - 
(7) '   Nursery  Products 

- .  - - 
- - - 
- - 1.9 

(a)  Christmas Trees - 
(b) Mixed Varieties 1.5 1.3 

- - - 
- - 

(8) Hops - - - - 
c 

(B) Annual  Crops , 

(9)  Greenhouse  Prod. - - - - 
(10)  Grain  Crops 1.8 

(11) Oats f o r  Hay 6.2. 9 :5 .  8.1 

(12)  Corn fo r   Ens i l age   2 .6  ' . 3  5.2 

(13) Po ta toes  

- 1.8 1.2 

4.2 

2.8 

- - .  .6 .5 

- .7 - (C)  Vegetables ,. 2 
(Weighted  Average 
For Each Area) 

Damage Per  Acre by  Dyking District 

Average  Crop Damage $270.00  $230 .OO $175.00  $220 .oo 
Continued  on  Page  55 

c 
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C.2 Continued 
> .  . .  

- . - .  . 
* .  .. , X:' Each  'Crop. of  Total   Acreage by Dyking Distr ic t  

Crop.Type  or Group . . .  . . . . . . . 
. .  (9 , -  (10)  (11) (12) 

West Salmon  Glen Matsqui 
, ,  Langley Arm Valley 

I .  

- , .  . 

(A) Pe renn ia l  Crops .. , . .  ._ ". . 

(1) Tame Hay, Legume 39.9 .35 0 45.. 2  40.9 
it Other  Fodder 
Crops \ 

(2)   Pas ture  58.1 58.9  41.1  41.1 

(3) S t rawberr ies .  .- .4 1.1 .8 

(4)  Raspberr5es .1 - .6 ' 1.0 

(5)   Other   Small   Frui t  .1 : 3 .2 1.0 

(6) Tree F r u i t  .1 .8 .4 .I 
(7)  Nursery  Products . .  

(a)  Christmas Trees - - . -  - 
(b) Mixed Varieties - . 2  1.1 

(8) Hops - - - - 
(B) Annual  Crops 

(9)  Greenhouse  Prod. - - - ' 0.0 

(10)  Grain  Crops - 1.9  1 .4  I .. , 1 . 7  

(11) Oats f o r  Hay 1 .0  .1;1 , '  6.5 : 6.5 

(12)  Corn  for 'Ensilage  .4 .. 3 .. 6- .. " 2.5 

(13) Pota toes  . -  .5 ' .9 - 

(C) Vegetables . 2  .4 .9  4 .:5 
(Weighted  Average 
For  Each Area) . .  

. .  Damage Per  '.Acre . f o r  Dyking' District 
. .  

. .  

Average..  Crop Damage . $175.'00 $200.00 $220.00 $235.00 

* Continued  on  -Page.  56 
. .. 

1 . . .. . -  , 
.. . . - 
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C.2 Continued 

Each Crop of Total  Acreage  by  Dyking District 
Crop  Type o r  Group 

( 1 3 )   ( 1 4 )   ( 1 5 )  ( 1 6 )  
Si lve rda le   Sou th  Sumas West 

Dewdney . '  Including ti North 
Yarrow Nicomen 

Pe renn ia l  Crops 

Tame Hay, Legume , 37 .5  43 .0 '   38 .2   52 .9  
& Other  Fodder 
Crops 

P a s t u r e  

Strawberr ies  

Raspberr ies  

Other   Small   Frui t  

Tree F r u i t  

Nursery  Products 

(a) Christmas Trees 

(b) Mixed Varieties 

Hops 

Annual  Crops 

Greenhouse  Prod. 

Grain  Crops 

Oats f o r  Hay 

Corn fo r   Ens i l age  

Potatoes  

Vegetables 
(Weighted  Average 
For  Each Area) 

5 8 . 3   4 6 . 3   2 5 . 4  37 .5  
- 1 .1 . 3  

- 

i . * O  , 

2 .o .3  
- .1 . 3  

- . 3   . 3  

1.0 
- ,  

- 
.4 

c - c, - 
.9   .2   2 .4  

. 3 . 3   6 . .  2 . . 3 . 2  

1.0 

4 . 6  
, .  - .2 1 . 9   2 . 2  

- .3  - - 
i - .a 25.9  .6  

Damage Pe r  Acre by '&king District 

Average  Crop Damage $165.00   $220.00   $265 .OO $200 .oo 

* 

Continued  on  Page 57 
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C. 2 Continued 

. .  . .  . 
. .  

%,Each' Crop of  Total   Acreage by  Dyking District 
Crop Type o r  Group .. . . 

.( 17) ( 1 8 )  (19)  (20). 
East Chill iwack Harris on Aggas s i z  

Nicomen Mills 

. 

Perennial   Crops 

Tame Hay, Legume 
ti Other  Fodder 
Crops 

P a s t u r e  

S t rawberr ies  

Raspber r ies  

Other   Small   Frui t  

Tree F r u i t  

Nursery  Products 

(a) Christmas Trees 

(b) Mixed Varieties 

Hops 

Annual  Crops 

Greenhouse  Prod. 

Grain Crops 

Oats f o r  Hay 

Corn f o r   E n s i l a g e  

Po ta toes  

Vegetables 
(Weighted  Average 
For  Each  Area) 

44.8  37.7  47.5 

26.4 37.5  40.4 

1' , .3 

- .005 - 
- 1 .9  4.6 

12.7 2 . 9  4 . 1  

4 .1   4 ;  3 3 . 1  

.1 1 . 2  , -  

11.6 8.9.  - 

43.4 

1. 
42 .O 

..3 

- 
- 
- 

- 
2.4 

5.7 

5.4 
- 

.8 

Damage Per  Acre by Dyking Dis'trict 
- ~ ~ ~~~ ~~~ 

Average  Crop Damage $200 .oo $325.00 $170.00 $180 .. 00 
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C . 3  Method Used to   Calcu la te   Average   Per  Acre Crop Damage: 

Dyking District - .Sumas ( Inc luding  Yarrow) 

Type of Crop Avg. Per  Tot.  Acres 56 Ea. Crop Weight Val. 
o r  Crop  Group Acre Damage i n  .Crop Tot .  Acres Ea.  Crop 

($1 ( 2 3  ($1 

Perenn ia l  Crops 

Tame Hay, Legumes, 
& Other  Fodder  Crops 

P a s t u r e  

S t r awber r i e s  

Raspberr ies  

Other   Small   Frui t  

Tree F r u i t  

Nursery  Products 

a. Christmas Trees 

b .  Mixed Varieties 

Hops 

Annual  Crops 

Greenhouse  Products 

Grain  Crops 

Oats f o r  Hay 

Corn f o r   E n s i l a g e  

Vegetables 

Po ta toes  

'Green  Beans 

Wax Beans 

Beets (Bunched) 

Broccol i  

Brussel   Sprouts  

Cabbage (Early)  

Cabbage (Mid & Late) 

Cabbage  (Savoy) 

Cabbage  (Chinese) 

Carro ts  (Bunched) 

180 

160 

2,050 

2 ,  a50 

1,500 

2,900 

2,400 

5,000 

2,600 

43,560 

125 

115  

270 

600 

270. 

240. 

2,500. 

400. 

450 

940. 

530. 

1,020. 

1,675. 

2,200. 

a ,093 38.2 68.76 

5,375 25.4 40.64 

30 .1 2.05 

423 2 .o 57 .OO 

27 .1 1.50  

68 .3 8.70 

0.0344 

513 

682 

40 1 

- 
400 

65 
- 

400-  

150 
- 
- 

0.00016  .07 

2.4  3.00 

3.2 3.68 

1.9  5 .13 

- - 
1.9  5.13 

.3  .72 
- - 

1.9  7 .60 

.7 3.15 

Continued  on  Page 59 
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C.3 Continued 

Type of Crop -Avg.  Per Tot. Acres % Ea. Crop Wei-ght Val. 
o r  Crop-Group Acre Damage i n  Crop Tot.  Acres Ea. Crop 

($1 ( X )  ($1 

Caulif  lower 680 ., 
Celery  1,100. 

Sweet  Corn 150. 

Cucumbers (S l i c ing )  525. 

Cucumbers (Pickling)  600. 

Let tuce (Head) 

Le t tuce   (Bu t t e r  & 
Red) 

Onions  (Bunched) 

Pars   l ey  

Parsn ips  

Peas 

Peppers 

Pumpkins 

Radishes ' 

Rhubarb (F ie ld )  

Rutabagas 

Spinach 

Squash 

Miscellaneous 

1,130. 

740. 

2,600. 

2,500. 

700. 

200. 

400. 

320. 

1,640. 

1,300. 

830. 

77.0. 

340. 

350. 

TOTAL 

14 3 
- 

2,657 
- 
- 

- 
1,650 

- 

- 
21 ;164 
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Description  of  Terms  used  in  Table  D.l 

A) Value  of  flood-disrupted,  production 
Value of annual  production x No.  of  Days  Shut  Down 

Total  Number  of  Production  Days  per  Annum 

B) Value  of  production  transferred or deferred = 
(A) x portion  deferred  or  transferr.ed  to  provincia1,firms 

C )  Transfer cost = (B) x .02 

D) Value of permanently  lost  production = A - B 
E) Income  permanently  lost  to  out-of-province  firms  (primary  income  loss) = 

D x Annual  income 
Annual  production 

F) Value of reduction  of  production  of  out-of-province  firms  was  obtained 
directly  from  the  reporting  industries 

G) Value of reduction  of  production  of  provincial  firms  was  obtained 
directly  from  the  reporting  industries,. 

H) Income  lost  by B.C.'s input,firms (secondary  income  loss) = 

G x income/production  ratio  of  input  firms 

Y 
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D.2 Request  for  Secondary Loss Data 

Dear S i r :  

The Planning  Divis ion  of   the  Federal   Department   of  the 
Environment i s  completing a s t u d y   o f   t h e   e f f e c t '   t h a t  a major  f lood 
would  have  on  the Lower Fraser   Val ley.  We are concerned  about  the 
poss ib l e  loss of   product ion  that   might   be  suffered by  food  processors 
t h a t  depend  on f r u i t  and vegetables   produced  on  the  Fraser   f lood  plain.  
I n   t h i s   l i g h t ,  we  would  very much apprec ia t e  a b r i e f   r e s p o n s e   t o   t h e  
fol lowing  quest ions:  

I f   t h e   f r u i t  and v e g e t a b l e   c r o p s   i n  Burnaby, Delta, Richmond, 
Sumas and Chil l iwack were des t royed   for   one   year ,  

(a) Would the  product ion  of   your  Company b e   a f f e c t e d ?  

(b) What is  the  annual   value  of  the vege tab le s   and   f ru i t   t ha t  you 
would  normally  purchase  from these areas (1971)? $ 

(c )  Would you b e   a b l e  t o  s u b s t i t u t e  some of  your l o s s  o f   l o c a l  
vegetables   .and  f rui t   wi th   produce  f rom  other   sources   ( foreign  or  
n a t i o n a l )  ? . I f  s o ,  what p e r   c e n t ?  % 

(d) I f  you expec t   to   lose   p roduct ion   because   you  w i l l  b e   u n a b l e   t o  
s u b s t i t u t e  a l l  o f   t h e   l o s s   o f   y o u r   l o c a l   v e g e t a b l e s  and f r u i t  
with  produce  f rom  other   sources ,  

(i) What would b e   t h e   d o l l a r  sales value  of   your   product ion 
l o s s  f o r  one  year  (1971)? 

(ii) What, percent   of   one  year 's   (1971)   product ion  does  this  
r ep resen t?  % 
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E . l  C.N.R. - Flood Damage 

Lower, ,Fraser  . Miles of t r a c k ,   a f f e c t e d  1 $'OOO Damage 

Dyking Area 2 3   f t .  24 f t .  25  f t .  26 f t .  

Lulu 1s l i n d  

at.  the fo l lowing   f l ood .  levels (f t . at  Mission) 

. ,  . .  1.01130 10/130  10/130 

Matsqui 

Outside Dykes 61  - 62 " 

(miles from 
Boston Bar) 81 

I 

9 1  - 94.5 j 

61300  61300 6 I300 

1 /10   1 /75   1 /75  

-12 -12  -12 

3.5120  3.51250  3.51250 

100.9 - 101.5  .6/25  .6/25  .6/25 

112.5 - 113.8 i 
P t .  Mann Yard 

1.3/25 1.3125 1.3/25 

-137 -137 -137 

TOTAL i L 22.41549  22.41844  22.41844 

Upper F rase r  (1972 F reshe t )  

Blackpool   to  Kamloops $ 79,000 

Kamloops to   Ly t ton  . $180,000 

Ly t ton   t o  Hope $ 15,000 . .  

TOTAL 
.. . 

. .  .. . $274,000 , 'L 
. -  

Source:   Discussions 'with CNR Engineering  Division. -: Telex of 1972 ' .  

Flood activities..and.expenditures . .  
. .  

. . . .  
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E. 2  Other Railways 'Fldod .Damages 
. .  . . . . . . . . . 

a 
. .  

. .  . 

- Dyking Area 

Agassiz 

Har r i son  Mills 

Dewdney 

Mission 

S i l v e r d a l e  

Albion 

P i t t  Meadows- 
Maple  Ridge 

South Westminster 

Delta 

Matsqui 

suinas 

Big Bend 

Other Undyked Area 

i 

Miles of  Track  Affected / '$'OOO Danhage 
Flood Levels' (Feet a t  Mission) e 

22  23 24 25 26 

- 
-10 

-10 

0.211 

0.9112 

- 
-10 

- 
-10 

-10 

-10 

- 
3.0116 

- 
2.0/10 

4.5122 

0.211 

1.1114 

-10 

2.0110 

-10 

7.0191 

4.0152 

'4.0152 

-/O 

3.0132. 

7.4196 

2.0126 

4.5159 

0.513 

1.2116 

1.015 

2 .OD0 

1.7122 

8.01104 

4.0152 

4.0152 

1.518 

19.31145 

7.4196 

2.0126 

4.5159 

1.015 

1.6121 

2.0110 

2.4112 

1.7122 

9.01117 

4.0152 

4  .Of52 

1.518 

19.31145 

. 

CPR Flood Damage - Upper F r a s e r , a n d  -Thompson - . l 9 7 2   F r e s h e t  

Kamloops t o  72 miles w e s t  - :' $121,000 

Source:  Discussions. w i t h  CPR Engineering  Divis ion . .  

, .  

a CPR, BCR, BNR; B.C.H.B.R., and B.C.H. 'and P-.A'.R. Railways. 
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. 
I 

E.3  Average  Flood  Duration  Per  Flood~by  Dyking.Area . I_ . ~. . .' : 

Dyking Areas Days Duration  Per  Flood Level 

: 23 f t .  '. 25 vft . ,. - 26. f t .  

. .  . . .  a t  Mis.sion 
. .  

. .  

Richmond-Queensborough, Delta 
(Areas 18 and 19):  

West Langley  and  Fort  Langley, 
Albion,  Colony Farm, Barnston . .  

(Areas 15, 3 ,   Non-resident ia l  
area, Minor P a r t   o f  2).: 

South  Westminster,  Yarrow  and 
Sumas, P i t t  Meadows (Areas  16 
and  17, 11 and  12,  Part  of 2): 

Glen  Valley, Hatzic-Dew'dney, 
Port   Coquitlam (Areas 14 ,  5 
and 6,  1): 

Chill iwack,  Agassiz,   Harrison 
Mills (Areas 10A and 10B, 9, 8): 

Matsqui  (Area  13): 

Nicomen I s l a n d  (Area 7):  

S i l v e r d a l e  (Minor P a r t  of 
Area 4): 

Mission  (Major  Part  of Area 4) :  

Trapp Road (Undesignated 
Res iden t i a l  Area) : 

. .  

10  days 
. .  

41 
. .  

39 

42 

27 

33 

30 

. 29 

20 

10 

24 days 29 ' days 

44 44 

4 3  43 

45  45 

34 34 

38 38 

37 37 

35 38 

31 34 

18 24 

Note: ( a )   I m r e l e v a n t  areas, the   dura t ion   of  a 2 1   o r  '22 foo t   - f l ood  was 
f o u n d   t o   b e   s i g n i f i c a n t l y   d i f f e r e n t   f r o m   t h a t  of a 23   foo t  
f lood .  .. . . .  

(b) '  The number.s l i s t e d   u n d e r  .'%yking Areas" r e f e r  t o  the   res iden-  
t i a l  areas o p t l i n e d   i n   F i g .  1, -APP'ENDIX A. 7. 

Source:  Schematic  Hydrograph  supplied by Engineering  Division., "Water 

, *  ' . .  . _  , .  

Planning  and Management Branch,  Department  of  the  Environment. 
. . .  . . 
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E.4 Sample  Computation  of  .Relationship  between  .Depth of Flooding  and 

Value of Loss of Use:of Dwellings . (Flood Level = 26 Feet  a t  
Mission) 

1) Value of LOSS of Use per  House Class 'and  Depth of Flooding Above Main 
Floor  i n  Sample Areas 

House Flood  Depth Flood Total   Loss  Total   Loss  of 
Class Above Main Duration-Days of'  Use-Days Use per  House 

Floor   (Ft  .) ($) 

387 A <1 29 29 @ $400 per  
30 days 

1 and 2 29 74 @ $400 per  987 
.30 days 

> 2  29 89 @. $400 . pe r  1187 
30 days 

B 

C 

<I 29 29 @' $210 per  20 3 
30 days 

1 and 2 29 74 @ $210,per  518 
30 days 

> 2  29 

(1 29 

89 @ $210 per  
: 30 days ' , 

623 

29' 6 $ 90 per  87 
30 days 

1 and 2 29 74. @ $. 90 per  222 
30 days 

> 2  29 ..89, @ $ 90 .per 267 
30 days 

2) Housing Characteristics i n  Sample Area: : 

% of Houses i n  % of Houses Main Floor  Level Above Ground (Ft  .) 
Each Class wi th  Basements Houses  with  Without 

,Basements Basements 
A B  C A B C A  B '  , C  A B C 

1 . 1  0 54 46 - 21 33 - 8 ,6 - 

. 
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Acres .of I n d u s t r i a l  Development - 
Area 1960a  1966a  1971a  '1976,  1981-  1986  1991  1996  2000 

. .  

GREATER VANCOUVER 

Floodplain  1,063  1,400  1,821  2,230  2,870  3,635  4,465  5,435  6,195 

Non-Floodplain: 
Vancouver  1,661  1,791 
Burnaby * 1,275  1,519 
Coquitlam  505  530 
P o r t  Moody '.. 640  647 
North Van. 374  489 
Annacis Is. 20 80 
.Surrey, 196 282 
New West. 124  162 

' Mitch.-Twigg Is. 60 90 
Runtzen  321  321 

1,890 1,990 2,090 2,140 2,190 2,240.  2,280 
1,720 1,920 2 ,120 .  2;370 2,620 2,920  3,160 

555 605 680 . 780 905 1,055  .,1,175 
670 695 720. . 770 870 970  1,Q70 
565 640 715 790 865 940 ,  1,000 
155 255 380 530 . 680 880  1,040 
360 460 560 685 835 . . 985  1,125 
170 180 190 , 200 , 

210 220 230 
110 160 210 260 310 310  310 
321 345 370 420 470 570 . 650 --- - -. - - -.I - 

SUBTOTAL 6,239  7,310  8,336  9,480  10,905  12,580  14,420  16,525.18,235 

EAST FRASER VALLEY 

Floodplain  61 87 121 150  193 242 314  382 440 

.Non-Floodplain: 
Maple  Ridge . 47: 57 67 7 7' 87  107  127  152  172 
Langley 50 70 90 120-  150 200 240 
Matsqui 55 65 , .775 85 . 105 125 .155  180 
Sums  100 109 120 ' 130 . 140'  150  170 ' 190 . 206 

30b 40 
5b 
""""- 

SUBTOTAL 283 348 423 . 502  595.. 724 . 886  1,079 ' 1,238 

TOTAL 6,522  7,658  8,759  9,'982  11,500-  13,,304  15,306  17,604'.19,473 
. .  
a b 

. .  

Source:  Municipal  records,  maps; Estimate based on a i r  photographs. 

. 

. 
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F.4 H i s t o r i c a L a n d - P r o j e c t e d  Rates of I n d u s t r i a l  Development i n   t h e  Lower 

Mainland:  1960  -.2000 

Average Number of AcresDeveloped  per Year 
- 

Area 1960-66  1966-71 1971-76 1976-81 1981-86 1986-91  1991-96  1996-2000 

GREATER VANCOUVER 

Floodplain 56 

Non-Floodplain: 
Vancouver 22 
Burnaby 41  
Coqui t lam 4 
P o r t  Moody 1 
North Van. 19 
Annacis Is. 10 
Surrey  14 
New West. 6 

Twigg Is. 5 
Bunt  zen - 
Mitch. - 

- 
 SUBTOTAL^ 179 

84 

20 
40 

' 5  
5 

15  
1 5  
15 

2 

4 - - 
205 

83 

20 
40 
10 

5 
15 
20 
20 

2 

10 
5 

229 
- 

128 153 

20 10 
40  50 
15.  20 

5 10 
15   15  
25 30 
20 25 
2 2 

10 10  
5 10 

2 85 335 
- - 

166  194 

10  10 
50  60 
25 30 
20  20 
1 5   1 5  
30  40 
30 30 

2 2 

10 - 
10 20 

368 421 
- - 

190 

10 
60 
30 
25 
1 5  
40 
35 

2 

- 
20 

427 
- 

EAST FRASER VALLEY 

Floodplain 5 7 6  9 10  14  14  15 

Non-Floodplain: 
Maple  Ridge 2 2 . 2  2  4  4  5  5 
Langley 2 2 4  4 6 6 10   10  
Matsqui 2  2 2 2 4  4 6 6 
sumas 2 2 2  2 2 4 4  4 

 SUBTOTAL^ 11 15  16  19 26 32 39 40 
- - - - - - - - 

 TOTAL^ 189 220 245  304 361  400  460 467 

. 
a T o t a l s  may not  add  due to   rounding.  

-. 
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. 

G . l  1965  Agricul tural   Product ion  and  Projected  Product ion:  
Fraser   Val ley  'Area 

l 

Estimated  Total   Future  Value 
1965  Value  Physical  Incr. .  Assuming No P r i c e  

Commodity ($ '000) % Over 1965  Changes ($ '000) 
1975,  1985  '1975 , 1985 

.. . I .  

Dairying  (Milk) 

Beef 

Swine 

Vegetables - T o t a l  

Po ta toes  

Mushrooms 

Peas 

Beans 

Corn 

Carro ts  

Cauliflower 

L e t t u c e  

Tomatoes  (greenhouse) 

Cucumbers (greenhouse) 

Smal l   Fru i t s  - T o t a l  

Raspber r ies  

S t rawberr ies  

Hops 

B luebe r r i e s  

Cranber r ies  

23,500  3 0. 

4,000 10 

850  10 

' 6,570 - 27a 

2,000 0 

1, 190  60 

970 30 

450  35 . 

525  45 

340  30 

310 10 

340 10  

260 40 

185 50 

6,000 - 96a 

2,850  -50. 

1,380  95 - 

860 : 90 

610 . ' 165 

300 ' ,  425 
. ,  . 

* 65 

40 

20 

- 46a 

0 

80 

50 

35 

65 

50 ' 

50 

40 

140 

150 

171a - 
100 

170 

180, 

230. 

7 00 

30,550 

4,400 

9.35 

-8,333 

2,000 

1,904 

1 ,-26'1 

60 8 

.. 761 

442 

'341 

374 

364 

278 

11 , 792 

4,275 

2,691 

, i ,634  

1,617 

1,575 . 

38,775 

5,600 

1,020 

9,608 

2,000 

2,142 

1 ,-45  5 

60 8 

866 

510 

465 

476 

624 

462 

16,247 

5,700 

3,726 

2,408 

2,013 

2,400 

a 

Source: Came, I. C. et al. Second  Approximation  Report ,   Agriculture  in 

These percentage   f igures ,have   been   rounded   of f .  

the Fraser  Valley,   1964  - ,1965 - 1974 - 1989.   Victor ia ,  B.C.: 
Department of Agricu,l ture,  1966,. 

I I -  

,- - 
I .  
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6.4 Average  Direct 'Damage 'Per 'Acre of F u t u r e   I n d u s t r i a l  'Land . f o r   D i f f e r e n t  
.Flood  Levels 

. . .  . . . . . . . . ,  . . .  

Area Average , ($) :'Damage.'Per Acre 

Lulu - East 

- West 

Delta - N.E. 

S.W. 

Big Bend 

South  Westminster 

Brunette  Creek 

Port  Coquitlam 

P i t t  Meadows 

Albion 

Mission 

Chil l iwack 

- 
- 
- 
- 
0 

0 

0 

1,000 

1,000 

0 

- 
- 

- 
- 
- 

0 

0 

0 

1,000 

1,000 

0 
\ 

- 
- 

NA 5 ,OO.O 7,000 

NA 7,000 7,000 

N A .  4,000 ' 8,000 

NA 4,000 4,000 

. .  

' 0 -  0 1,000 

NA 2,000 2,000 

0 0 1,000 

2,000 2,000 3,000 

2,000 '2,000 , 3,000 

1,000 , ,  , 1;OOO 2,000 

- N A  . 1,000 . . . 2,000 

NA 2,000:  . 3,000 

9,000 

7,000 

12,000 

4,000 

2,000 

3 , 000 
1,000 

4 , 000 
4,000 

2,000 

2 , 000 
4,000 

~ ~ 

Flood  Level a t  Mission (Ft .) 
21 22 23 24 25 26 

. .  
I .  

. .  

. .  



G .  5 Average Indirect  Pr-imary:.and,  Secondary Damages: Per  Acre of 
F u t u r e   I n d u s t r i a l ' L a n d   f o r   D i f f e r e n t  Flood Levels ' .' 

-. _. . .  
L Area Average ($) Damage p e r  Acre 

Flood Level a t  Mission. ' (Ft . )  
. . .. 

, .. 
. .  

. .  21 . . 22 23 . 24 25 26 

3 

1 

Lulu - East 

- West 

a 

a 

Delta - N'.E. 

S.W. 

a 

a / .  

. .  

Big Bend" 

South Westminster 

Brunet te  Creek 

Port   Coquitlam 

P i t t  Meadows 

Albion. b 

Mission 

Chi 1 liwack 

b 

b 

b 

b 

b. 

b 

N A ,  2,500 3,500 

NA 3,500 3,500 

NA 2,000 4,000 

NA 2,000 , 2,000 

0 .  0 . 500 
. .  

NA 1,400 .' 1,400 

0 ' ,  0 700 

1,400 1;400 . .2,100 

. . . . . , . , . .  , - .  

% 

1,400  1,400  2,100 , 

700 7.00 1,400 

NA , .700 ' 1,400 

NA 1,400 '   .2 ,100 

4,500 

3,500 

6,000 

2,000 

1,000 

2,100 

700 

2,800 

2,800 

1,400 

1,400 

2,800 

r 

a. 1971 - F i e l d   s t u d i e s  of Lulu   I s land   . indus t r ies   ' ind ica ted   tha t   the  
i n d i r e c t  damages were 50% of t h e   d i r e c t  and- th i s   ' p ropor t ion   has   been  
adopted t o  r e p r e s e n t   t o t a l   l o s s e s   t o   f u t u r e   i n d u s t r i e s .  

I n d i r e c t   l o s s e s   o f   i n d u s t r i e s   i n   t h e  'rest of  ' t h e   v a l l e y   p r o v e d ,   t o   b e  
70% of tlie d i r e c t  damages  and t h i s   h a s   b e e n   a p p l i e d   t o   p r o j e c t e d  
i n d u s t r i a l  growth in these  areas. 

. .  

, . .  

- .  
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G.6, Average  Annual Compounded P e r c e n t a g e   I n c r e a s e ' i n   P r i c e s  of Se lec ted  

Goods 1955 t o   1 9 7 1  i .  

Items f o r  Which P r i c e  

Average ' Annual  Percentage 
. Incr ,ease of Prices per   Per iod  

1955  1961  1955'  1961  1966 
Changes are Given  "71  "71 "61 "66 "71 

1. Consumer P r i c e s  
Cdn. Consumer P r i ce   Index  
Cdn. Food P r i c e s  
Cdn. Housing  Costs 
Cdn. Da i ry   P r i ces  
Cdn. Beef P r i c e s  
Cdn. Pou l t ry   P r i cesa  
Cdn. Egg P r i c e s  
Van. Consumer P r i ce   Index  
Van. Consumer Food P r i c e s  

2. Wholesale   Pr ices  * 
Cdn. General  Wholesale  Index 
Cdn. Vegetable   Products   Pr ices  

2.5  '2.9  S.8 
. 2.4 2 . 8 .  - 1.7 

2.5 3.1 . .1 .4  
2.9. ' 3.5 1.8 
3.6 ' 3.8 3.6 

-1.0. ' 0.9 ' -4.1 
-0.9  -0.7 -1.3 

2.1 2.4 . 1.6 
2.4  2.9  1.7 

1.8 2.2 1.1 
1.9 , '  1.6 0.8 

Cdn, Animal Products   Pr ices  
Cdn. General  Wholesale less 
Animal & Vegetable  Products 

3. Other   Pr ices  
Cdn. Feed P r i c e s  
Cdn. Farm Animal P r i c e s  
B. C. Farm Produc t s   P r i ces  
Cdn. Tnd. ,Composite- 

B.C. Ind.  Composite - 
Canadian  Resident ia l   Constr .  

. .  Pr ices   ( inc luding   Labour)  
B.C. Res ident ia l   Cons t r .  . . 

Pr ices   ( inc luding   Labour)  
B.C. I n d u s t r i a l  & Commercial 

Concrete & Stee l   Cons t r .  
( including  Labour) 

Weekly Earnings 

Weekly Earnings 

B.C. Machinery & Equip.  Prices 

2.3 ' 2.5 2.0 

1.8 2.3  1 .0  

0.8 1.1 0.4 
2..3 2.7 . 1.6 
1.9 2.1. , 1.5 

5.3  5.9  4.1 

5.4 ' 6.0 4.5 

4.6 . .5..9 . .  2.7 

3;9 4.9  2.4 
. . .  

4 .6 -  . 5.1 3.8 
. , 2.5 ' .  2.4  '2.6 

2.2 
3.1 

., 2.1 
2.7 
3.4 

. 2.2 
3.3, 
1.4 
2.6 

2.1 
2.1 
2.6 

1.9 

2.2.  
3.5 
2.9 

4.3 

4.8 

4.5, 

3.9 

4.4. 
1.1 

3.6 
2.4 
3.9 
4.3 
4 . 1  

-0.4 
-4.7 
3.5 
3.3 

2.3 
1.0 
2.3 

2.8 

0 .1  
1.8 
1.4 

7.5 

7.3 

7.5 

6 .O 

6.0 
3.8 

a These  represent   averages of t h e   p e r c e n t a g e   i n c r e a s e s   c a l c u l a t e d   f o r   e a c h  
yea r   w i th in   t he   g iven   pe r iods ;   t h i s   measu re  w a s  used   because   l a rge   p r ice  
swings made the   s t anda rd  compounding technique very uns tab le .  . 

Sources :   Pr ices   and   Pr ice   Indexes ,  Cat. No. 62-002,  Monthly, S t a t i s t i c s  
Canada.  Monthly B u l l e t i n  of Index Numbers of Farm P r i c e s  of 
Agr i cu l tu ra l   P roduc t s ,  Cat. No. 62-003, S t a t i s t i c s  Canada. 
Annual  Reports, B.C. Department  of  Labour.  Structural,  Machinery 
& Equipment   Conversion  Mult ipl iers ,   Off ice  of Assessment 
Commission, V ic to r i a ,  B.C. 
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. POTENTIAL FLOOD DAHAGES FOR MAJOR CATEGORIES 

LOWER FRASER VALLEY - 1971 

APPENDIX H 



. 
8 

' .  , . 
H. 1 Potent ia l   Resident ia l   Flbod  'Dka 'ge:  .Lower:';Fraser ..,$alley. - 1,971 

.,. . ,~ . 

.... I 

. .  . 
I " . 

Area 
, , .  

. . ._ ' $'OOO Damage . 

.. Flood.Eleva t ion  - Feet  a t  Mission 
' ' 2 1  22  .' 23  24  25 26 

I 

Dyked Areas 
( a )  Upgraded Dykes 

Richmond & Queensborough - - - 32,647  61,831  61,831: 
Delta . -  - - 4,661  .9,080  10,650 
South  Westminster , . - - - 2,572  2,801 , 3,098.. 
West Langley - - - 6 7 7 
Ft .   Langley .  (Salmon River) - - - 19 27 3 1  
Matsqui _ '  

- - - 2,732 - 2 ,967 ,   3 ,248  
Sumas ( Inc luding  Yarrow) - - - 6,744  7,110 ' 7,406 
Chill iwack - - - 24,756.  33,623  43,938 
Aggass iz   ( Inc l  .H .H. Springs)  - - - 2,259  2,668  3,529 
Harr i son  Mflls .F - - 67 94  106 
South Dewdney - - - 1,838 ' . .  2 , 0 5 7 , .   2 , 2 1 5  
Mission - - - 90  120 ' 179 
w p l e  Ridge .& P i t t  No. 2 ,  - - - 2,173  2,529  3,379 
Port   Coqui t lam'  . ' . ' - - -. 1,800 2,001 2,488. 
Trapp Road - - - 35  80  119 

Sub T o t a l  - - - 82,399  127,005  142,224 

. .  

(b) Non Upgraded Dykes . .  
Barns  ton Is land \ -  24 .. 32 
Glen  Valley 

.North Nicomen 6 . 1 2 '  ' 17 
East 'Nicomen 16  25  30 
West Nicomen .I .139 202.- 265 . 

S i l v e r d a l e  - 4 5 
.Albion ( Incl .  Road 13) - - 50 
P i t  t Polder  72  82  92 
Tretheway - - - 
P i t  t Meadows 7 8 8 

. .. 69 ' 124 . 178 ' 
52  70 

200  226 
29 4 1  
50 70 

367 468 
10 1 6  

114  176 

9 
14   19  

98 103 - 

86 
243 

48 
82 

509 
30 

20 8 
163 

1 9  
36 

Sub T o t a l  309  481 677  934  1,198  1,424 

T o t a l  Dyked Areas 309  481 677 ' 83,333 120,203 143,643 

T o t a l  Undyked Areas - 1 60  144  21 2 236 

0 
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~ . 2  potential .   Flood Damage t o  Commercial Establishments:  

Lower Fraser   Val ley - 1971 

Area -$ ' 000 Damage 
Flood  Elevation - Feet   a t   Miss ion  

2 1  22 23 24 25 26 
-. 

Dyked Areas 
( a )  Upgraded Dykes 

Richmond & Queensborough 
Del ta  
South  Westminster 
Matsqui 
Sumas ( I n c l .  Yarrow) 
Chill iwack 
Agassiz 

Miss ion  
Maple Ridge - P i t t  No. 2 
Port  Coquitlam 

, South Dewdney 

Sub Tota l  

17,905 
1,472 

355 
143 
621 

10,479 
' 383 

9 
248 

25 
56 

17,905 
1,497 

462 
143 
646 

12,206 
416 

9 
311 

25 
56 

. .  

- - - -17,870  31,696  33,676 

(b) Non Upgraded Dykes 
Glen  Valley . 4  7 10 . ,10 , , 10 
West Nicomen 3  6 8 .  . . 8 .  
Albion  ( Incl .  Road 13) 

10 
8  8 

. .  ' 

- . -  ., 20 ' i 32' 44 56 

Sub T o t a l  7 '  13' ' . .  38 ". ' : 50 62 74 

T o t a l  Dvked Areas 7 . 1 3 .  " 38' . . 17-,920.'   31,758  33,750 ' 



H.3  Poten t ia l -   F lood  Damage to.Tndustria1  Est .ablis,hments:  
Lower Fraser   Val ley  - 1971 . ., , . . .. 

. .  
. , .  . 

... , . _. . 
I .  

: ".. . . , . . ̂. . .  . . .. . .  

' -Area -. 
. .  . .  $ ' 000 Damage 

Flood  Elevation - Feet a t  Mission 
.. . ... 21. . 22 - . 23 . . . 24 . ., 25 26 

Dyked Areas . -  
(a) Upgraded Dykes 

. . * ,  , . .  r 

. Richmond & Queensborough - - - ' 5,109 ' 6 , 9 4 6 .  ' 8,888 
Delta - - 13 . . .. 1 3 .  . 2 1  
South  Westminster - - - 236 ., ,237  623 
Chillfwack .: - - - . *173 2,2,09 2,260 
Mission ; . , 

- - 11 4 136  158 
.Maple R i d g e ~ - a n d   P i t t  No. 2 - . - - 5 .. 7 7 
'Port  Coquitlam - - - 4 00 530 . 671 
Trapp 'Road - - :. : - .  - - .  8 92 

Sub-To t a1 - - - 6,050 10,086 12,720 

" 
. ,  

- 
. .  . .  . 

(b) Non 'Upgraded  Dykes 
Albion  ( Incl .  Road 13) . - 6 39 42 . .  45  63 . .  

T o t a l  Dyked Areas , . ' 

. . .. - 
' 6" 39 6,092  10,131  12,783 ~. 

T o t a l  Undyked Areas 0 1 . 21  157 330  662 

. .. 

.. 

. .  

. . - . - - . . - .  . 



- 98 - 
H.4  P o t e n t i a l   A g r i c u l t u r a l  Crop Damage: Lower Fraser   Val ley  - 1971 

\ 

Area $ '000 Damage 
Flood  Elevation - Feet a t  Mission 

21 22 23. 24 25 26 

Dyked Areas 
(a)  Upgraded Dykes 

Richmond & Queensborough - - . -  4,228  5,603  5,661 
Delta 
South Westminster - - - 7 8 - 9  
West Langley - - - 64 66 67 
Ft .   Langley (Salmon River) - - - 200, . 203  205 
Mat s q u i  - - - 2,024  2,035  2,049 
Sumas ( I n c l .  Yarrow) - - .  . - . 5,236  5,374  5,454 
Chilliwack - - 6,890  7,239  7,681 
Agassiz (Inc!.. H.H. Springs) - - . -  879  990 1,008 
Harr ison Mills - - - 120  126  127 
South Dewdney - - - 749 7 67 773 
Maple  Ridge & '  P i t t  NO. 2 - - - 1,382  1,390  1,396 
Po'rt  Coquitlam - - - 167  168  168 
Colony  Farm - - - 132  132  132 
Trapp Road ' 11 15 18 

Sub-Total - . - .  -. 24,638  28,621  29,253 

, - - - 2,549  4,505  '4,505 

> '  - - c 

I 

. -  

(b) Non Upgraded  Dykes 
, .  

Barns ton   I s land  - 184 193 ' ' 200 205 20  7 
Glen  Valley 293 307 ' 322:. 335 ' ' 343 359 
North Nicomen 66 69 I72 72 72 72 
East Nicomen 168 176 184 184 184 184 
West Nicomen 64 9 692 . , 7 3 5 -  741 746 750 
S i l v e r d a l e  - 44 52 '52 53 54 
Alb ion   ( Inc l .  Road 13) - 42 44 45 46 47 
P i t t   P o l d e r  290 291. 292 292 292 292 
Tretheway 48 '50 53' . 53 . .53 5 3  
Allouet  te 23.  31 40 40 , 40 40 
P i t t  Meadows No. 1 24 3 24-3. ' 243.- 243 243 243 
Addington  Point 72 : 74 .. 76 ' 7 7 .  78 78 

Sub-Total  1,852  2,203  2,306  2,334  2,355  2,379 

, T o t a l  Dyked Areas 1,852  2,203  2,306  26,972  30,976  31,632 

. .  
. .  

Note: Undyked areas are included i n  a report   by  Preston  (1973) .  
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n 

.' 

b 

b 

H. 5 P o t e n t f a l  Other Agr i cu l tu r . a l  .Damage:. .Lqwer ; . F r  aser . Valley -. 1971 
- . . . . . .. . . . . . . , , . .  . . .  . . .*  

. .  
. . ... . .  

~ I. 

Area $ ' 300 Damage 
Fldod  Elevation - Feet  a t  Mission 

2 4  :. 22 . 23 24 . 25 26 

Dyked Areas 
(a) Upgraded Dykes 

. s . . .  . . .  

.Richmond ,& Queensborough - - .  - 404  548  .561 
Delta . - - 
West Langley - - - 35 38 , ,. 38 
F t  . Langley (Salmon River)- - - - 69  70 7 1  
Matsqui - - - 1,264  1,285  1,289 
Sumas ( Including Yarrow) - - - ,. 2,377  2,469  2,493 - 2,974 3,135 3;302 
Agassiz  (1ncl.H.H.Springs)-. . - - 820  860  867 
Harr ison Mills, ' - - - 81 . 84 . 84 
South Dewdney - - - 456 . 479 481 
Maple Ridge & Pitt No.2 - - .- 613  623  624 
Port   Coquitlam - - - 24 24 24 
Co,lony  Farm . .  - . . . .. - 79 " 80 80 

Sub T o t a l  - - - 9,797  10,747  10,988 

- 601  : '1 ,052 ' 1,074 

I Chill iwack - - 

. .  

(b) Non Upgraded  Dykes 

. .Glen  Valley . .  178 . i g i  209 I . . . 225- 236 263" 
Barns ton . Is land - 125  134 138, , 141   . 141  

North Nicomen 31 33' . 3.7 .' 37 37 37 
East Nicomen 95 106 118 - . 120 123 123 
West N i  comen 379 432 485 498 511 513 
S i l v e r d a l e  - 26 4 1  44 45 45 
Albion  ( Incl .  Road 13) - 12 13  14  , 1 4  1 4  
P i t t   P o l d e r  139 144 150 153 155 155 
Tre theway 22 23 25 25 25 25 
Alouet te  8 10, 13 13 13 13 
P i t t  Meadows No. 1 77 78 79 79 79 79 ' 

Addington  Point 22 22 23 24 24 24 

Sub T o t a l  951  1,205  1,327  1,370  1,403  1,432 

T o t a l  Dyked Areas 951  1,205  1,327  11,167  12,150  12,420 
~~ 

' Note: Undyked Areas are i n c l u d e d   i n  a report   by  Preston  (1973)  
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H.6 Po ten t i a l   P r imary   Indus t r i a l  Income Lossei:  Lower Fraser   Val ley P 1971 

Area $ ‘000. Losses 
Flood  Elevation - Feet a t  Mission ‘ 

21 22 23 . . . .  24 ’ 25 ~ 26 

Dyked Areas 
( a )  Upgraded Dykes 

Richmond & Queensborough - 
Delta 
South  Westminster 
Chill iwack 
Mission 
Maple  Ridge & P i t t  No. 2 - 
Coquitlam - 

- - - - 

1,401 2,144 2,378 
57 70 78 

19  2 198 221 
9 9 10 

. .  42 ’ 64 72 
2. 5 5 

607 643 643 

Sub T o t a l  - - - 2,310 3,133 3,407 

(b) Non Upgraded Dykes 
Albion  ( Incl .  Road 13) - - 6  12 I 37  50 

Sub T o t a l  - - 6  12 37 50 

T o t a l  Dyked Areas 2,322  3,170  3,457 

T o t a l  Undyked Areas - - - . , .  73  468 . 623 
. .  

‘5 

. 

\ 
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H. 7 Poten t i a l   T rans fe r -   Cos t s  .and  Secondary  Income,  Losses: Lower F rase r  
Valley .-' 1971 . . ,  . .  , . .  

' 

Area 
, . . .  

$IO00 Losses 
Flo.od Eleva t ion  - Feet a t  Mission 

2i  22 23 . 24 . 25  26 

Dyked Areas 
Upgraded Dykes 
Richmond '& Queensborough - 
Delta - 
South Wes tmins t e r  - 
West Langley - 
F t  . Langley (Sa'lmon River) - 
MaJsqui . - 
Sumas ( I n c l .  Yarrow) - 
Chill iwack - 
Agassiz  (Incl.  H.H.Springs) - 
Harrison Mills 
South Dewdney 
Miss i o n  
Maple Ridge & . P i t t  No.2 
Port   Coqui t lam 
Colony.. Farm 
Trapp Road 

Sub. .Tota l  

Non Upgraded Dykes 
Barns  ton  Is land 
Glen  Valley 
North Nicomen 
East Nicomen 
West Ni'comen 
S i l v e r d a l e  
Albion  ( Incl .  Road 13) 
P i t t   P o l d e r  
Tretheway ' 

P i t t  Meadows No. 1 

Sub T o t a l  

" 

T o t a l  Dyked Areas ' ' 

T o t a l  Undyked Areas. 

1,486 
1,26.1 
171 
3 
1 

408 
2 ,7.37 
1,615 
, 233 

70 
179 
48 
132 
37 6 
11 
1 

2,207 
1,781 
177 
3 
1 

414 
2 , 821 
1,692 
239 
70 
185 

136 
387 
12 
11 

!4 

2,408 
1,795 
229 
3 
1 

4 15 
2 ,-859 
1,778 
239 
70 
185 
83 
137 
387 
12 
14 

- - - .  - 8,732  10,210  10,615 

1 - 18 
'2 46 

2 

3 88 
6 

1 2 
21 
2 
5 

- 
8 :' 28 

- 

- 
- 

18 19 
52 55 
2 2 
39 40 

115 120 
7 7 

11 . . 29. . 

22  22 
2 2 
5 5 

19 
64 
2 
40 
120 

7 
43 
22 
2 

, 5  

13 ' .  15  218  273 301.  324 

- - 26  137  656  794 
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.H.8  Po ten t i a l   Misce l l aneous  Damages: Lower F r a s e r  Valley - 1971 

Area $'OOO Damage , 

' . 

'21 22 23 24 25 26 ' 

Flood  Elevation - Feet  at Mission 

Dyked Areas 
(a) Upgraded  Dykes 

Richmond & Queensborough 
Delta 
South Westminster 
West Langley 
Ft .   Langley (Salmon River) 
Matsqui. 
Sumas (Incl . Yarrow) 
Chil l iwack 
Agassiz (Inc. H.H.Springs) 
Harr ison Mills 
South Dewdney 
Mis,sion 
Maple  Ridge & P i t t  No.  2 

' Port  Coquitlam 
Colony  Farm 
Trapp Road . . .  

- , 7,365 
- 1,697 - 59 3 
- 11 

20 - 1,197 - 1,959 - 5,110 - 479 - 75 
- 421 - 44 
- .  603 - 264 - 4 

. .  9 

c 

- 

14,465 
3,580 

659 
11 
22 

1,336 
2,085 
7,185 

67 0 
109 
4 80 

49 
617 
298 

5 
26 

15,034 
4,262 

708 
11 
22 

1,366 
2,196 
8,822 

715 
114 
511 

59 
667 
309 

5 
40 

Sub T o t a l  . -  - - .  19,851  31,597  34,841 

(b) Non Upgraded  Dykes 
Barns ton   I s land  
Glen  Valley 
North Nicomen 
East Nicomen 
West Nicomen 
S i l v e r d a l e  
Alb ion   ( Inc l .  Road 13) 
P i t t   P o l d e r  

P i t t  Meadows  No. 1 
\ Tretheway 

- 
83 

8 
14  

165 

30 
8 

1 

- 

- 

53. ' .72 74 
100 102  104 

9' . . ' 10 ' ' '. 11 
1 5  , 17 . 18 

186'  ~.204 ' . 211 
,3 , . . 18 , ' .  ' 20 

33 , . .. 4 5 . .  49 
8 .8 , . .  ' . .87 

29 

. .  

. .  

I .  

, - .  , - 
1: 2 1 6  

76 77 
105 ~ 1 0 6  

1 2  1 2  
1 9  20 

217 218 
27 34 
58 65 
88' 88 
33 33 
18 19 

Sub T o t a l  309  408  478 ,619.  653  672 

T o t a l  -Dyked Areas 30 9 408 478  20,470  32,250  35,513 

T o t a l  Undyked Areas - 5 121  281 726  734 
- . 
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, a  

H.9 T o t a l   P o t e n t i a l  Damages i n  Various  Floods i n  Dyked Areas of ehe 
Lower Fraser   Val ley - 1971 

V Damage Category Damage per  Flood  Depth ( $ ' O O O )  

24 f e e t  25 f e e t  26 f e e t  

Res iden t i a l   83  , 333  128,203  143,648 

Commercial 1 7  , 920 31 , 758  33,750 

Indus t r i a l   6 ,092  10 , 131  12,783 

A g r i c u l t u r a l  Crop  26,972  30,976  31 , 632 

Other A g r i c u l t u r a l  11 , 167 12 , 150  12 , 420 

Primary  Income  2,322  3,170  3,457 

Transfer Costs and 
Secondary  Income Losses 9,005 10 , 511 10 , 939 

Miscellaneous  20,470  32,250  35 , 513 

T o t a l  1 7 7 , 2 8 1  259 , 149  284,142 
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SECONDARY FLOOD  LOSSES DUE TO 

BREAKS IN MAJOR TRANSPORTATION ARTERIES 

Prepared by: Pearse Bowden Economic Consultants Ltd., 
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Vancouver 9, B.C. 

November 17, 1972 
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1.1 In t roduc t ion  , ' L' . , i 

. .  

The purpose  of   this   s tudy i s  t o  estimate the  magnitude  of the p o t e n t i a l  . '  

secondary  f lood  losses  which would r e s u l t  from a d i s r u p t i o n  of  road, r a i l  
and p i p e l i n e   f a c i l i t i e s  which l i e  wi th in  the f loodp la in  of the Fraser   River ,  
and t o   p r o j e c t   t h e s e   l o s s e s   t o   t h e   y e a f  2000, t a k i n g   i n t o   a c c o u n t   f o r e s e e a b l e  
changes i n   t h e   t r a n s p o r t a t i o n  network.  Secondary  .flood  losses  can  be  defined 

p l a i n ,   b u t  which incu r   p roduc t ion   o r  sales l o s s e s   d u e   t o   f l o o d s  which d i s r u p t  
t ranspor ta t ion   l inks   wi th   suppl ie rs   and/or   consumers .   Typica l ly ,   1osses .can  
occur  as a r e s u l t   o f   i n t e r r u p t i o n s   i n   t h e   i n t e r i n d u s t r i a l   f l o w   o f   i n t e r -  
mediate  goods  which  cause  production  delays,  -or as a r e s u l t   o f   i n t e r r u p t i o n s  
i n   f i n a l  sales of  goods t o  consumers. 

I n   o r d e r   f o r   s u c h   l o s s e s   t o   b e   c o u n t a b l e ,   t h e y  must be  permanent i n   t h a t  sales 
and   p roduc t ion   can   ne i the r   be   de l ayednor t r ans fe r r ed   t o   o the r   p roduce r s   w i th in  
t h e   r e f e r e n t  area, which i s  i n   t h i s  case t o   b e   t h e   p r o v i n c e   o f   B r i t i s h  
Co lumb i a  . 
It i s  c o n s i d e r e d   t h a t   i n d u s t r i e s  most vu lnerable   to   secondary   f lood   losses  
are those  which  export  bulk  commodities,  such as g ra in ,   coa l ,   su lphur ,  e tc . ,  
to   compet i t ive  world  markets .  A l l  of t h e s e   i n d u s t r i e s  are heavily  dependent 
on rail t r a n s p o r t a t i o n ,  and f o r  some, s e r i o u s   d e l a y s   i n   s h i p p i n g   m i g h t   r e s u l t  
i n   l o s t  sales. 

No s i g n i f i c a n t   s e c o n d a r y   l o s s e s   a r e . l i k e l y   t o   o c c u r  as a r e s u l t  of t h e   s h o r t  
term d i s r u p t i o n   o f   i n t e r i n d u s t r i a l   i n p u t   f l o w s .   A t t e n t i o n   d u r i n g   t h i s   s t u d y  
has   therefore   been  focused on the  shipment  of  bulk.commodities  to  Vancouver 
area p o r t s ,   i n   o r d e r   t o   d e t e r m i n e   t h e   e f f e c t   r o a d   o r  r a i l  d i s rup t ions   o f  
s p e c i f i e d   l e n g t h s  would have on sales. The e f f ec t   o f   f l ood ing  on tourism 

' as permanent  income l o s s e s   t o   f i r m s  and ind iv idua ls   loca ted   o f f   the   f lood-  

-has   a l so   been   inves t iga ted .  

Because  of  the  short  term, forced   na ture   o f   p roduct ion   losses   due   to   f looding ,  
i t  is a p p r o p r i a t e   t o   c a l c u l a t e  as t h e   l o s s ,   t h e  sales va lue   o f   the   p roduct ,  
minus  any r e t u r n s   t o   l a b o r   o r , c a p i t a l   a c c r u i n g   t o . o u t - o f - p r o v i n c e   s o u r c e s .  

Some o f   t he   bas i c   a s sumpt ions   u sed   i n   t h i s   s tudy  are as fol lows:  

No f e d e r a l   a i d   i n   t h e  form  of  flood  relief  payments  has  been  assumed. 
While s u b s t a n t i a l   f e d e r a l   a i d  is genera l iy   p rovided   to   f i rms   and   ind iv id-  
ua ls   loca ted   wi th in   f looded  areas, secondary  losses  are of a much more 
tenuous  nature   than  property damage,  and f e d e r a l   a i d   t o   o f f s e t   s e c o n d a r y  
l o s s e s  i s  therefore   cons idered   un l ike ly .  

Shipments   t ransferred  to   0ther .B.C.  carriers are cons idered   to   represent  
t r a n s f e r  paymen t s ,   t hus   i nvo lv ing   no   ne t   l o s s   t o  B.C.  

Estimates o f   f r i c t i o n a l   c o s t s   h a v e   b e e n   c o n f i n e d . t o   t h e   t r a n s p o r t a t i o n  
indus t ry .  It is assumed that pro 'ducers   would  cont inue.product ion  and  bui ld  , 
up i r iventor ies   of   f inished  products ,   and that extra s t o r a g e   c o s t s  would 
be  minor. 

. .  

, . .  
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- British Columbia  Railway i s  assumed t o   b e  open  under a l l  f lood   condi t ions .  
In add i t ion ,  i t  i s  assumed that road access between  the Lower Mainland 
and the i n t e r g o r  would b e   p o s s i b l e  by r e r o u t i n g   t r a f f i c   t h r o u g h   t h e  U.S. 
a t  Huntingdon. 

The ana lys i s   o f   secondary   losses   has   been  made fo r   t he   fo l lowing  cases: 

Railways : 

During  f lood  condi t ions  in   the  Fraser   and Thompson Val leys:  

The B.C. Railway l i n e  between  Prince'George  and 
Vancouver i s  never   severed.  

The CNR t rack  between  Pr ince George  and Ja spe r  is 
neve r   s eve red   fo r  a s i g n i f i c a n t .   l e n g t h  of t i m e .  

The CNR and  the CPR s i m u l t a n e o u s l y   l o s e   t h e i r   l i n e s   f o r  
one week i n   J u n e   o n   t h e  Thompson'River  System as f a r  
downstream as Basque (10 miles S.W. of   Ashcroft) ;   the  
b r i d g e   l i n k i n g   t h e  two l i n e s  on the  South Thompson i s  
destroyed.  

The CNR and t h e  CPR l o s e   t h e i r   t r a c k s   f o r   o n e  week 
between  Basque  and  the  Chilliwack  and  Agassiz  Dyking 
Areas. 

The CN, CP and B.C. Hydro R a i l w a y s   l o s e   t h e i r   l i n e s  
f o r   t h e   e n t i r e m n t h   o f   J u n e   d u e   t o   t h e   f l o o d i n g   o f  
the  fol lowing  dyking Districts: Matsqui, Sumas, 
Chill iwack,  Mission, Dewdney-Hatzic, Harr i son  Mills 
and Agassiz.  

The B..C. Hydro  Railway is f looded   per iodica l ly   dur ing  
t h e   e n t i r e  month of June, i.e. d u r i n g   h i g h   t i d e s   i n  
Delta. 

The CNR y a r d s   i n   P o r t  Mann are f o r c e d   t o   m o d e r a t e   t h e i r  
activit ies due t o  minor t i d a l   f l o o d i n g   b u t  are 'no t  
f o r c e d   t o   c l o s e ;  access over   the   Fraser  a t  P o r t  Mann 
remains  open t o  a l l  railway  companies  during  the  f lood 
per iod .  I 

. .  

During  f lood  condi t ions  in   the  Fraser   and Thompson Valleys:  

1. (a)  and  (b) - same as I. (a) and  (b)  above. 

2. (a) E i t h e r   t h e  CNR o r  the CPR l o s e s  i t s  t r ,ack   for   one  
week wi th in   t he   fo l lowing   t r ack   subd iv i s ions :  
(i) Upstream  of  Basque as f a r  as Blackpoool (CN) o r  
Kamloops (CP) . . (also t h e   b r i d g e   o v e r  the South 
Thompson a t  Kamloops is l o s t )  ; (ii) Between  Basque 
and the Agassiz  and  Chill iwack  dyking areas. 
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4 

b 

. (b) Either t h e  CNR o r  the CPR l o s e s  i t s  t r a c k   f o r  one  month 
between  Mission  Bridge  and the upstream  ends  of  the 
Chi l l iwack   and   kass iz   dyking  areas. 

(c )  Delta i s  flooded  and  the B.C. Hydro  Railway i s  a f f e c t e d  
' as i n  3. (b)  above. 

Roads : 

The Trans Canada Highway i s  l o s t   f o r  one week near  Spences  Bridge. 

0 

The roads   i n   t he   dyk ing  areas i n   t h e  Lower Mainland are f looded   for   one  
month, thereby making access i n t o   t h e   i n t e r i o r  via Chilliwack  and  Kent 
Munic ipa l i t i es   imposs ib le .  

In te rv iews  were - h e l d   w i t h   o f f i c i a l s  of . t he  CN, CP, BCR and B. C. Hydro 
Railways,  major  bulk commodity te rmina ls   and   the   t rucking   indus t ry ,   to  , 

determine  the  sensi t ivi ty   -of   shipments   and sales t o   s h o r t  term delays  
caused  by  flooding. 

Of major   in te res t -   dur ing   the   in te rv iew  program was t h e   a b i l i t y .  of t h e  
C N '  and CP to   e i ther   de lay   sh ipments   and  make them up la ter  o r  t o   t r a n s f e r  
t r a i n s   t o   t h e  B.C. Railway a t  -Prince  George,   s ince i t  is no t   suscep t ib l e  
t o   f l o o d  damage. O i l  a n d   g a s   p i p e l i n e   o f f i c i a l s   w e r e . a l s o   c o n t a c t e d   t o  
de t e rmine   t he   e f f ec t   f l ood ing  would  have on t h e i r   o p e r a t i o n s .  

1 

1.2 ' Railways  and.  Port  Terminals 

Rai l  access from  the Lower Mainland  and t o   t h e   i n t e r i o r  and  Eastern Canada 
i s  provided by t h e  CN and CP, which  follow  the Thompson and  Fraser Rivers, 
and  by t h e  B. C. Ra i lway  which   provides   an   a l te rna te   rou te   to   the  ~ i n t e r i o r  
and  does  not  follow  the ,Thompson o r   F r a s e r   R i v e r s  below Wi.lliams Lake. I n  
a d d i t i o n   t o   t h e s e   r a i l w a y s   t h e  BC Hydro and  Burlington  Northern  Railways 
provide r a i l  s e r v i c e   w i t h i n   t h e  Lower Mainland., O f '  these   ra i lways ,   on ly   the  
BC Rai lway is f ree   o f   f lood   danger .  Both t h e  CN and CP are vu lne rab le   t o  
i n u n d a t i o n ,   s l i d e s  and br idge   washouts   dur ing   the .Fr .aser ' s   spr ing   f reshe t .  
Severa l   vu lnerable  areas w i t h i n   t h e   F r a s e r  Canyon and Thompson Valley  have 
been   i den t i f i ed   and   i n   add i t ion ,  a l l  ra i lways   bu t  BC Railway are s u b j e c t  . 

t o   i nunda t ion   w i th in   t he  lower Fraser   Val ley.  

I n   t h e   e v e n t   t h a t   o n e   o r   b o t h  of t he   na t iona l   r a i lways '   t r acks  are inundated,  
t h r e e   p o s s i b l e   e f f e c t s  may occur .   F i r s t ,   sh ipments  may b e   d e l a y e d   u n t i l  
s e rv i ce   can   be   r e s to red .  Second,  shipments may b e   t r a n s f e r r e d   t o   a n o t h e r  
railway.  Third,  where  commodities are so ld  on . a  "spot", b a s i s  and  where 
inven to r i e s  a t  po r t   t e rmina l s  and points  of  consumption are low,  delay may 
r e s u l t   i n  permanent sales l o s s e s .  

During  the  interview  program,  an  attempt was made to   ob ta in   t he   op in ion   o f  
r a i l w a y   o f f i c i a l s   r e g a r d i n g  the g e n e r a l   a b i l i t y   o f  the ra i lways   to   cope   wi th  
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outages of up t o  one  month. I n   a d d i t i o n ,   s p e c i f i c   a t t e n t i o n  w a s  p a i d   t o  the 
l ike ly   e f fec t   ou tages   wouldhive   on  the shipment o f   bu lk  items, e s p e c i a l l y  
c o a l .   P o r t   t e r m i n a l   o f f i c i a l s  were a l so   con tac t ed   t o   de t e rmine  the genera l  
l e v e l  of i nven to r i e s   wh ich   cou ld   be   u t i l i zed   du r ing  a flood,  and the a b i l i t y  
o f   t e rmina l s   t o   i nc rease   t h roughou t   fo l lowing  a flood.  Again,   bulk commod- 
i t ies '  were of ma jo r   i n t e re s t .  

General ly ,  i t  was found that B.C. 's  ra i lways  have  suff ic ient   experience  and 
f l e x i b i l i t y  t o  cope  with  ' short  t e r m  outages.  The three  major   ra i lways,  
BCR, CP and CN annual ly   experience  delays  of   varying  lengths   due t o  w i n t e r  
snow cond i t ions ,   rocks l ides  and  derailments.  During  1972, CN t r a c k s  were 
c losed  and  23 t r a i n s  were rerouted  over  BCR's t rackage  during  one week. 

In   addi t ion ,   bo th   the  CN and CP l i n e s  are vu lne rab le   t o   f l ood ing ,  and  both 
railways  have  developed emergency  measures to   dea l   wi th   f lood   problems.  
These  include  the  placement   of   bal las t   and  r iprap materials i n  cars which 
are held  on  s idings,   p lacement   of   br idge material i n  cars, and p repa ra t ion  
measures;   a l though  the  Fraser   and Thompson posed a severe f l o o d   t h r e a t   i n  
1972  and  caused  numerous  bank  sl ippages.and  inundation,  no  serious  delays 
o c c u r r e d   i n  r a i l  shipments. 

As w e l l  as delays  caused by snow and  f looding,  r a i l  shipments are o f t e n  
a f f e c t e d  by s t r ikes   i nvo lv ing   r a i lway   worke r s ,  dockworkers  and  seamen. 

As a re su l t ,   t he   r a i lways   have  a g rea t   dea l   o f   expe r i ence   i n   dea l ing   w i th  
delays.  The CN and CP have a reciprocal   t rack  agreement   which  a l lows  f ree  
access t o   e a c h   o t h e r ' s   t r a c k s   i n   t h e   e v e n t   o f   o u t a g e s .  CN and  the BCR . 
have a similar agreement,   and  although  the CP. and BCR do not   have a formal 
agreement, BCR o f f i c i a l s  were c o n f i d e n t   t h a t   t h i s  would p resen t  no problem 
should  the  need arise f o r   t h e  CP t o   u t i l i z e  BCR t rackage .  

t 

Because  of  the  reciprocal  agreement  between CN and CP, i t  can  be  concluded 
t h a t  no se r ious   de l ays  would o c c u r   i f  one l i n e  were c losed  and access was 
maintained  between  the two ra i lways   v ia   the   b r idge .0ve . r   the   South  Thompson 
River. . -  

I n   t h e   e v e n t   t h a t   b o t h   t h e  CN and CP were pu t   ou t  of s e r v i c e  by f looding ,  
t he   on ly   r ema in ing   a l t e rna t ives  would b e   t o   d e l a y   s h i p m e n t s   o r   t o   t r a n s f e r  
them t o   t h e  BCR via P r i n c e  George, o r   to   re route .   sh ipments   th rough  the  U.S. 

BCR o f f i c i a l s   i n d i c a t e d   , t h a t   t h e y   c o u l d   h a n d l e  up to   . abou t  20 t r a i n s   d a i l y  
under   shor t  term emergency condi t ions ,   espec ia l ly   once   p lanned ,modi f ica t ions  
are made t o   t h e i r   p l a n t .  The  main p r o b l e m   i n ' d i v e r t i n g   s h i p m e n t s   i s ' n o t  
r o l l i n g   s t o c k ,   b u t   t h e   a v a i l a b i l i t y   o f   t r a i n e d  crews. Genera l ly ,   t rack  
condi t ions  such as grade  and  curvature  are similar f o r   t h e  CP and BCR, and 
CP crews could   eas i ly   be   used   over  BCR t rackage.  However, CN does  not  have 
grades  exceeding 1 percen t   o r   cu rves   exceed ing  6 pe rcen t ,  compared t o   t h e  
BCR with  grades up t o . 2   p e r c e n t  and  curves up to   12  percent .   Consequent ly ,  
CN crews are not   used  over  BCR tracks, al though  during  an emergency  such as 
a major   f lood,  some use  could  be made of CN crews. 

0 

. 
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Nevertheless, i t  can  be.   concluded.that a subs t an t i a l   po r tZon   o f  CP and CN's 
t r a ins   cou ld   be '   success fu l ly -   r e rou ted ,   t h rough   P r ince  Geo.rge t o  the BCR 
track i n  the event.  of a major  f lood. 

Trains   could  a lso  be  rerouted  through the U.S. over   the  Great Northern 
Railway via   Sweetgrass ,   in   Albe,r ta ,   or   e i ther   Kingsgate   or   Troop  Junct ion 
i n  B.C."  CP ' c o a l  and grain  shipments  would appea r   ' t o   be   poss ib l e   cand ida te s  
f o r   r e r o u t i n g   i n   t h i s  manner.  However, r a i l w a y   a n d - t e r m i n a l   o f f i c i a l s  
doubted  that  much use  would be  made o f   t h i s   a l t e r n a t i v e ,   e s p e c i a l l y   i f  access 
to   Rober t s .  Bank were c u t   o f f .   S e a t t l e  area p o r t s  would no t   r ece ive   coa l  due 
t o   t h e  time requi red   to   assemble  a shipload  and  the  lack  of   adequate   bulk 
h a n d l i n g   f a c i l i t i e s .  

It  was found a l s o   t h a t  Vancouver area t e rmina l   f ac i l i t i e sPwould   be   adequa te  
under   forseeable  demands for   increased  throughput .   Pr ince  Rupert   could  be 
u t i l i z e d   t o   s h i p   g r a i n  and   . fores t   p roducts .  It was es t ima ted   t ha t   P r ince  
Rupert  could,  wi.th i t s  p r e s e n t   f a c i l i t i e s ,   t r i p l e   g r a i n   s h i p m e n t s .   D u r i n g  
July,   1972,  70,000  tons  of  grain were shipped  from  Prince  Rupert .  

Vancouver area t e r m i n a l   f a c i l i t i e s  are a l so   capab le   o f   g rea t ly   i nc reased  
throughputs  on a .  s h o r t  term bas is .   S ince   these   t e rmina ls   normal ly  do no t  
operate three s h i f t s ,  under  emergency  Conditions  throughput  could be  more 
than  doubled  simply by working  overtime. 

Thus, i t  can  be  concluded  that   even  i f   f loods  disrupted  both  the CN and CP 
t r a c k s ,  a s u b s t a n t i a l   p r o p o r t i o n   o f   t h e i r   - t r a f f i c   c o u l d   b e   - r e r o u t e d   t o   N o r t h  
Vancouver  over BCR t r a c k  via Prince  George,   and  that   por t   terminals   could 
e a s i l y   h a n d l e '   t h i s   e x t r a   t r a f f i c .  When North'  Vancouver's  terminals were 

I 

0 

' fu l ly   u t i l i zed ,   bu lk   commodi t i e s   cou ld   be   t r ans fe r r ed   t o  Vancouver via t h e  
. CN tunnel .  

S ince   re rout ing   over  BCR t rack ,   espec ia l ly   for   the   CP, 'would   involve   incon-  
venience  and  extra   costs ,   an  a t tempt  was made to  determine  under  what  con- 
d i t i o n s   r e r o u t i n g  would be  used,  and  which.commodities  would  be  most  likely 
t o   b e   r e r o u t e d .  

A l l  r a i l w a y   o f f i c i a l s   i n t e r v i e w e d   s t a t e d   t h a t   t h e y  would p re fe r   t o   mere ly  
de l ay   sh ipmen t s , r a the r   t han   r e rou te  them. They a l so   i nd ica t ed   t ha t   even  a 
c l o s u r e   o f .  one month could   be  made up over   the  course  of   one  year ,  by f u l l  
employment o f   ro l l i ng   s tock .  Even CP's u n i t   t r a i n   s y s t e m   f o r   c o a l   s h i p p e d  
t o   R o b e r t s  Bank would be '   c apab le   o f  making up a one  month shor t age ,   s ince  
both  the  ra i lway and t h e  mine  a l low  for   approximately  one  month 's   d isrupt ion 
i n   p r o d u c t i o n  and s h i p p i n g   a n n u a l l y   i n   t h e i r   ' p l a n s   o f   o p e r a t i o n .  

Consequently, i t  was de te rmined   t ha t   t he   r a i lways   have   su f f i c i en t   capac i ty  
t o  make  up f o r  a month's  shutdown  caused  by  flooding, s o  t h a t  no  permanent . sales los ses   need   occu r   due .   t o   t r anspor t a t ion   bo t t l enecks .  

- While it w a s  found that a l l  normal  shipments  could  be  delayed  for  one month 

. .  . .  

'and made up later,  r a i l w a y   o f f i c i a l s   n o t e d   t h a t   i n  a l l  l i k e l i h o o d   c e r t a i n  
commodities  would neve r the l e s s   ' be   t r ans fe r r ed   t o   o the r   r a i lways .  The 
conditions  under  which commodi.tjles'  would b e .   t r a n s f e r r e d   t o   o t h e r   l i n e s  are - as fol lows : 

, .  
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1. Where competi t ion exists with o t h e r   t r a n s p o r t a t i o n  modes, e s p e c i a l l y  

trucking.  Piggyback  containers are a good example  of  intermodal 
competi t ion where customers might b e   . l o s t   t o  the t rucking   indus t ry  
i f ' s u b s t a n t i a l   d e l a y s  w e r e  encountered. 

2. Commodities  which g e n e r a t e   r e l a t i v e l y   h i g h   p r o f i t s  would l ikely b e  
t r a n s f e r r e d .  Most general   merchandise   such as manufactured  goods  would 
f a l l  i n  this category. 

3. Bulk  commodities  which are of ten   so ld   on  a t ' spo t"   bas i s ,   such  as potash,  
and  which were i n  low supply a t  p o r t   t e m n a l s ,  would  be  t ransferred.  
I n   t h e s e  cases, and  where  ships were w a i t i n g   t o   t a k e   o n   s p e c i f i c   c a r g o e s ,  
t h e   p o s s i b i l i t y  of permanent ly   los t  sales would induce   the   ra i lways   to  
maintain  shipments.  

4. P o l i t i c a l   o r   o t h e r   p r e s s u r e  might   be  exer ted  to   give 'specif ic   commodit ies  
preferent ia l   t reatment .   Grain  shipments   might   be a t  least p a r t i a l l y  
m a i n t a i n e d   d u e   t o   p o l i t i c a l   p r e s s u r e   ( o r   d e c r e e   i n   t h e  case of CN). 

It was f e l t   t h a t ,   i n   g e n e r a l ,   c o a l  would no t   be   t r ans fe r r ed ,   s ince   sh ipmen t s  
could  be made up la te r  and   s ince   coa l  sales are on a c o n t r a c t   b a s i s  so t h a t  
permanent sales l o s s e s  would be   un l ike ly .   S ince   the   ra i lways   have  a 

captive"  market on bulk  shipments  of such  things as sulphur  and  coal,   and 
since many of these  commodities are s o l d  on a c o n t r a c t   b a s i s ,   t h e r e  would 
be   ve ry  l i t t l e  na tura l   inducement   to   t ransfer   sh ipments .  However, as 
mentioned  above,   special   c i rcumstances  could  easi ly   prevai l   which would 
induce   the   t ransfer   o f   se lec ted   commodi t ies .  

11 

All r a i l  o f f i c i a l s  were h e s i t a n t   t o  estimate which  bulk  commodities would 
b e   t r a n s f e r r e d   o r  would receive p r i o r i t y   o n c e   t h e   t r a c k s  were reopened. 
They ind ica t ed ,  bwever, that  perishables,   piggyback  and  general   merchandise 
would be  most l i k e l y   t o   b e   t r a n s f e r r e d   r a t h e r   t h a n   d e l a y e d .  They a l s o   i n -  
d ica ted   tha t   o f   the   bu lk   commodi t ies ,   coa l   des t ined   for   Rober t s  Bank would 
b e   t h e  least l i k e l y   t o   b e   t r a n s f e r r e d .  

It appea r s   t he re fo re   t ha t   i nven to r i e s  on  hand a t  po r t   t e rmina l s  and  cargoes 
f o r   w a i t i n g   s h i p s  would determine  which  bulk  commodities  would  be  given 
p r i o r i t y   t r e a t m e n t  by the   r a i lways .   In t e rv i ews   w i th   t e rmina l   r ep resen ta -  
t i v e s . i n d i c a t e d   t h a t  as a genera l   ru le ,   inventor ies   equa l   to   one   month ' s  
shipments were commonly on   hand ,   bu t   tha t   . these   inventor ies   var ied   wide ly  
over   t ime. .and  could  not   be  predicted  with  accuracy.  

The fol lowing  conclusions  can  be drawn  from the  information  obtained  on rail  
and p o r t   t e r m i n a l   f a c i l i t i e s  and  shipments.   First ,   given a severe f lood  
which   forced   c losure   o f   the  CN and CP r a i l w a y s   f o r  up t o   o n e  month, a l l  
perishables,   piggyback  and most general   merchandise would b e   t r a n s f e r r e d  
over  BCR t r acks   r a the r   t han   de l ayed .   Second ly ,   s ince   subs t an t i a l   i nven to r -  
ies of bulk  commodities  such as coal ,   potash,   sulphur ,   grain  and  phosphate  
rock are gene ra l ly  on hand a t  por t   t e rmina ls   and   s ince  many bulk  commodities 
are s o l d  on a "contract"  basis,   no  permanent sales l o s s e s  are foreseen  as a 
r e s u l t  of r a i l  disrupt ions  which  delay  bulk  shipments .  The railways  and  the 
po r t   t e rmina l s  would be   capab le   o f .   r ecove r ing   sh ipmen t s   de l ayed   fo r   one  
month over the course   o f   the   fo l lowing  year. Thirdly,   where  "spot" sales 
of  bulk  commodities were t h r e a t e n e d ,   o r  where s h i p s  were w a i t i n g   f o r  - 

. 
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specif ic   cargoes,   bulk  commodit ies  would b e   t r a n s f e r r e d   t o   t h e  BCR l i n e .  
Generally,  however,  railway  companies  would  prefer  to  delay  bulk  shipments 
s ince  . they  have a "capt ive"  market   and  s ince  prof i t  rates pe r   un i t   sh ipped  
are low. Transfer  of  Roberts Bank c o a l .   t o   t h e  BCR..would, for   example,   be  
very   un l ike ly   due  to the   long   de tours   requi red   and   the   l a rge  volume  of 
material involved:. 

Since no  permanent sales l o s s e s  .are envisaged, no p roduc t ion   l o s ses   o r   even  
de lays  are l ike ly   t o   occu r .   In s t ead ,   f i rms  would b e   l i k e l y   t o   c o n t i n u e   f u l l  
product ion  and  bui ld  up 

1 . 2 . 1  F r i c t i o n a l   C o s t s  

Where ecbnomic a c t i v i t y  
. d e f e r r e d   t o   t h e   f u t u r e ,  

c o s t s  may occur.  Where 

t h e i r   i n v e n t o r i e s .  

is e i t h e r   t r a n s f e r r e d   t o   o t h e r   e s t a b l i s h m e n t s   o r  
extra " f r i c t iona l "   p roduc t ion  and t r a n s p o r t a t i o n  
normal  production i s  a t  less, t h a n   f u l l   c a p a c i t y ,  

t h e s e   f r i c t i o n a l   c o s t s  may b e   o f f s e t   w h o l e l y   o r   i n   p a r t  by  economies  of 
scale. 

For   secondary  losses   caused by d i s r u p t i o n s   i n   t h e   t r a n s p o r t a t i o n   s y s t e m ,   t h e  
only admissable f r i c t i o n a l   c o s t s  are extra t r a n s p o r t a t i o n  and s t o r a g e   c o s t s ,  
s ince   f l ood ing  would not   cause  product ion  delays.  

Gene ra l ly ,   f l ood   l o s s   s tud ie s  which  include estimates of f r i c t i o n a l   c o s t s  
simply  use  an estimate based on a percentage  of   the  gross   value  of   produc-  
t i o n .  An estimate of  between. 2 and 3 percent  i s  comnionly used i n   t h e s e  
cases, due t o   t h e  extreme d i f f   c u l t y  of p rec i se ly   de t e rmin ing   t he   na tu re  and 
magni tude   o f   f r ic t iona l   cos t s .  f 

S i n c e   s e c o n d a r y   f r i c t i o n a l   c o s t s   i n   t h e   c a s e .   o f   F r a s e r   R i v e r   f l o o d s  are 
r e s t r i c t e d   t o  extra t r a n s p o r t a t i o n   c o s t s ,  and s i n c e  some r a i l w a y   o f f i c i a l s  
were qu i t e   co -ope ra t ive   i n   p rov id ing   " ru l e   o f  thumb" c o s t  estimates, a more 
d e t a i l e d  methodology fo r   de t e rmin ing   f r i c t iona l   cos t s   has   been   deve loped   fo r  
t h i s   s t u d y .  

As was mentioned earlier, r a i l w a y   o f f i c i a l s  were e x t r e m e l y   h e s i t a n t ,   t o  
estimate exac t ly  which  commodities  would r ece ive   p r io r i ty   t r ea tmen t   g iven  
a d i s r u p t i o n  of t h e i r   t r a c k .   D e c i s i o n s  on  which  commodities t o   t r a n s f e r  
and  which t o   d e l a y  would  depend  on inven to r i e s  a t  . p o r t   t e r m i n a l s ,   p o l i t i c a l  
p re s su res ,  e tc .  Genera l ly ,   .per i shables   and   prof i tab le  items such as piggy- 
back  and  general   merchandise  would  be  transferred,   and  where  possible,  
bulk  cargo  would  be  delayed. 

Accordingly,   th is   s tudy.   presents  estimates o f  the   percentages   o f   b road  
commodity groups  which  would  be. t ransferred  or   delayed.   .Cost  estimates 
f o r  commodit ies   delayed  or   t ransferred have been made as fol lows:  

~, 

. >  . .  

R.W. Kates, Indus t r ia l   F lood   Losses :  Damage Estimates i n   t h e   L e h i g h  
Valley ,' Chicago,  1965. 
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Delay  Costs: 

Railways  would 
r o l l i n g   s t o c k .  
sites, and  low 

recover  delayed  shipments by  making f u l l e r   u s e  of  a v a i l a b l e  

i n v e n t o r i e s  a t  p o r t  terminals, loading  and  unloading times 
With l a r g e   i n v e n t o r i e s  of commodities  waiting a t  product ion 

might-be  reduced somzwhat, s o  ;ha t   fu l l e r   u se   cou ld  be made of  equipment 
and   l abo r .   In   add i t ion   t o   t h i s ,   sh ipmen t s  would also  be  increased  by  working 
over t ime,   and   th i s  would involve  extra cos ts .   S ince   no  extra mileage  would 
be  involved,  the main  component of f r i c t i o n a l   c o s t s   f o r   d e l a y e d   s h i p m e n t s  
would be   t he   ove r t ime   po r t ion  of wages paid.  

Railway o f f i c i a l s   e s t i m a t e d   t h a t   t o t a l   o p e r a t i n g  o r  v a r i a b l e   c o s t s  amount t o  
approximately $.003 p e r   t o n  mile, and that the   major i ty   o f   these   cos ts  
represent   l abor   charges .   For   the   purposes  of  t h i s   r e p o r t ,   t h e   f o l l o w i n g  
assumptions  have  been made. 

- It is assumed t h a t  55%  o f   va r i ab le   ope ra t ing   cos t s   r ep resen t  
wages  and salaries. 

- It i s  assumed t h a t   i n   o r d e r   t o   r e c o v e r   d e l a y e d   s h i p m e n t s ,  
h a l f  of these   sh ipments   would   requi re   the   use   o f   over t ime 
labor .  

- Overtime -rates are assumed t o   b e  150%  of  regular rates. 

Based  on the  above  assumptions,   the   average extra c o s t s   f o r  a l l  delayed 
shipments  would  be  approximately S.0005 per   t on  mile. I f  t h e   a v e r a g e   t r i p  
l eng th  i s  700 miles, t h e  extra cos t s   i ncu r red   due   t o   de l ay  would be  about  
$. 35 per   ton .  

Transfer   Costs :  

S i n c e   t r a n s f e r r i n g   f r e i g h t   f r o m   e i t h e r  CP o r  CN on to   t he  BCR via P r ince  
George  involves  increased travel d i s t a n c e ,   t h e   e x t r a   c o s t s   f o r   t r a n s f e r r e d  
f r e i g h t  are e q u a l   t o   t h e   f u l l   v a r i a b l e   c o s t s  of $.003 per   t on  mile. It is 
assumed t h a t  no   de lay   o ther   than   the  time r e q u i r e d   t o  travel t h e   e x t r a  
d i s t a n c e  would  occur. 

The a c t u a l  amount of ex t ra   mi leage   genera ted  by t r a n s f e r r i n g   t o   t h e  BCR 
would  depend, o f   cou r se ,   on   t he   o r ig in . . o f   t he   f r e igh t  and  which rai lway i t  
is t r a v e l l i n g .  . F r e i g h t   t r a v e l l i n g   o n  CN via Edmonton would incur  about  150 
e x t r a  miles, whi le   f re ight   which   usua l ly  moves through  Calgary  via CP would 
incu r   de tou r s  of from 200 t o  400 miles, depending  on  origin.  For  example, 
f r e i g h t   o r i g i n a t i n g   i n   t h e   s o u t h e r n  areas o f   A lbe r t a  would i n c u r   t h e  maximum 
detour   mi leage ,   s ince  i t  would have to   be   rou ted   t h rough   Ca lga ry   t o  Edmonton. 
F re igh t   o r ig ina t ing   i n   Saska tchewan   o r  east o f   t he re  would i n c u r   s h o r t e r  
d e t o u r s   i n   o r d e r   t o  reach Edmonton, while f r e i g h t . o r i g i n a t i n g   a p p r o x i m a t e l y  
100 miles northwest  of Edmonton would n o t   i n c u r  extra c o s t s ,   s i n c e  i t  could 
b e   r e a d i l y   t r a n s f e r r e d   t o  BCR via the North  Alberta  Railway, at Dawson 
Creek. 

c 

. 
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For  purpo'ses.  of ' a n a l y s i s ,  i t  can  'be  'assumed that the 
is about 270 miles, so that t h e   extra^ cos ts   incur red .  
f r e i g h t   t o  BCR i s  about $. 80 pe r  ton.  

. .  

Thes-e f r i c t iona l   cos t s ,   bosh   fo r   de l ay   and   t r ans fe r ,  

average   de tour   d i s tance  
due  -to the t r a n s f e r   o f  

would be  borne by the  
r a i lways   r a the r  . -  t h a n  . passed on to   t he i r   cus tomers .   In .   connec t ion   w i th   t h i s ,  
two poin ts   deserve   ment ion   here .   F i r s t ,   s ince   these   losses  would occur  
due t o   t h e   i n u n d a t i o n   o r  damage t o   t r a c k s   w i t h i n   t h e   f l o o d  area, t h e  rail-  

' ways'  1os:ses are actually!  primary,  not  secondary  losses. '   Second,  since 
. ne i the r  of t h e   n a t i o n a l   r a i l w a y s  are owned o r  based   i n  B . C . ,  only a small 
p o r t i o n   o f   t h e i r   l o s s e s  would a c t u a l l y   a c c r u e   t o  B.C .  r e s i d e n t s .  However, 
t h e s e   p o i n t s  are cons ide red   t o   be  somewhat academic,   and  neither  has  been 
inc luded   i n   t he   . fo l lowing   ana lys i s .  

Since no publ i shed   da ta  are a v a i l a b l e  on the  amount  of f r e i g h t   c a r r i e d   i n  
B.C. by each   r a i lway ,   o r ' by   o r ig in   and   des t ina t ion ,  i t  has   been   necessary   to  
genera te  estimates of   the  amouht of f r e i g h t  which  could  be  affected by 
f looding.  Data publ i shed   in   Rai lway  Fre ight   Traf f ic ,  Second Quarter,   1971, 
has  been  used as a b a s i s   f o r   e s t i m a t i o n .   T h i s   p u b l i c a t i o n  lists t h e . t o t a 1  
tonnage of f re ight   loaded   and   un loaded   in  B.C. by  commodity groups.  Since 
f lood ing  would   main ly   a f fec t   f re ight   des t ined   for   expor t ,   on ly .da ta  on 
freight   unloaded i n  B.C. h a s   b e e n   i n c l u d e d   i n   t h i s   a n a l y s i s .   C e r t a i n  corn- 
modit ies   such as some processed  foods,   gravel ,   bauxi te ,  e t c . ,  have  been 
deleted  since  such  commodities are e i the r   impor t ed   i n to  B.C. f o r   l o c a l  
consumption, are no t   sh ipped   ove r   vu lne rab le   ' l i nes ,   o r  are produced  on  the 
f lood   p l a in   and  would s u f f e r  permanent  production  losses.  

In   add i t ion ,   t he   pe rcen tage   o f   t o t a l . expor t s   sh ipped  via Vancouver.and ,, 

New Westminster  ports was obtained  f rom  Shipping  Report ,   1972,   and  appl ied 
to   the   ad jus ted   tonnages   p rev ious ly   der ived .   F ina l ly ,  i t  was assumed t h a t  
of  the  remaining  tonnage, 75% was sh ipped   v i a   t he  CN and CP. 

Tables  1 - 6 presen t  estimates o f   t h e   f r i c t i o n a l   c o s t s   i n c u r r e d . b y   r a i l w a y s  
under  various  f lood  conditions.   Based  on  information  obtained  from  the 
r a i lways   r ega rd ing   t he i r   p robab le   r eac t ion   t o   c lo su re ,   and  on information 
obta ined   f rom  por t   t e rmina l   au thor i t iep   regard ing   the   average   inventor ies  
of  bulk  commodities  on  hand  for  shipment, i t  has   been  es t imated  that  25% of 
all foods  (mainly  grain),   crude materials (mainly  coal   and  other   mater ia ls) ,  
and fabricated  products  (mainly  potash  and  lumber  products),   would  be  trans- 
f e r r e d   t o   t h e  BCR o r   t o  CP's southern   rou te  (when poss ib l e ) . '   I n   add i t ion ,  
i t  is e s t i m a t e d   t h a t  a l l  end  products  and  piggyback  freight  would  be  trans- 
.ferred, .  The balance  of   cargo would be  delayed.  

Table 1 presents   'an estimate of the f r i c t i o n a l   c o s t s  which  would r e su l t   f rom 
a one week c l o s u r e   o f , b o t h   t h e  CN and CP lines north  of  Basque. Under t h e s e  
condi t ions  a l l  CN f r e i g h t  would e i t h e r   b e   d e l a y e d   o r   t r a n s f e r r e d   t o   t h e  BCR 

- o r  CP l ines .   S ince  CP's sou the rn   rou te  would be  unaffected, .  i t  i s  f u r t h e r  
assumed that h a l f   o f .  i t s  f r e i g h t   c o u l d   b e   c a r r i e d  on t h i s   l i n e  a t  no extra 
c o s t .  Based  on these c o n d i t i o n s ,   t o t a l   f r i c t i o n a l   c o s t s  are es t imated  a t  
$116,000. 

Tkble 2 ' p r e sen t s   an  estimate o f   f r i c t i o n a l .   c o s t s   g i v e n  a. one week c l o s u r e  of 
both the CN and CP l i n e s  below  Basque.  Under  .these  conditions,  CP's  southern 
rou te   cou ld   be   a f f ec t ed  s o  t h a t   b o t h  CN and CP would  have t o   e i t h e r   d e l a y  
s h i p m e n t s   o r   t r a n s f e r  them t o   t h e  BCR l ine   v i a   P r ince -George .   Losses  amount 
t o  $157,000  under  these  conditions.  
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Table  3 p re sen t s   an  estimate o f   f r i c t i o n a l   c o s t s   g i v e n  a one  month  closure 
of the CN, CP and BC Hydro  Railway  below Hope. Again, the only alternatives 
open   t o  the CN and CP under these condi t ions  are d e l a y   o r   t r a n s f e r   t o  BCR. 
Losses  would amount t o  $676,000 under these condi t ions .  

Table  4 presents   an  estimate of f r i c t i o n a l   c o s t s   g e n e r a t e d   b y  a one  month 
c losu re  o f  t h e  B.C. Hydro  Railway i n  Delta. In   o rde r   t o   min imize  damages 
to the  roadbed, i t  is  l i k e l y   t h a t  B.C. Hydro  Railway  would s u b s t a n t i a l l y .  
suspend its sh ipmentscf i r ing   the   en t i re  month, p a r t i c u l a r l y  of  Roberts Bank 
coa l .  The r e s u l t i n g   l o s s  estimate of $234,000 is  based on a normal  shipment 
rate e q u a l   t o   p r e s e n t   c o n t r a c t  volumes o f . 8   m i l l i o n   t o n s   p e r   y e a r .  

As can   be   s een   i n   s ec t ion  1.1 3. ( c )   o f   t h e   f l o o d   c o n d i t i o n s   p r e s e n t e d   i n , t h e  
i n t r o d u c t i o n ,   t h e  CNR yards  a t  P o r t  Mann are s u s c e p t i b l e   t o   i n t e r m i t t e n t  
f l ood ing   du r ing   h igh   t i des   bu t  would n o t   b e   c l o s e d   f o r  any apprec iab le  time. 
While t i d a l   f l o o d i n g  would  cause  addi t ional   delays,   these are n o t   f e l t   t o   b e  
l a r g e  enough t o   w a r r a n t   a t t e n t i o n .  The gene ra l ly   r educed   t o t a l  volume of 
shipping  which would occur   dur ing  a major  flood  would i n   p a r t  compensate 
fo r   t he   de l ays   caused   t o   r ema in ing   f r e igh t .  

Table 5 p resen t s   an  estimate o f   t h e   f r i c t i o n a l   c o s t s  which  ,would b e   i n c u r r e d  
by t h e  CN dur ing  a one week c losu re   o f  i t s  l i n e   . a b o v e  Basque  and the   s imul -  
taneous l o s s  of   the  br idge  over   the  South Thompson River a t  Kamloops.  Under 
these   cond i t ions  CN would n o t   b e   a b l e   t o   r e r o u t e   f r e i g h t  via CP a t  Kamloops 
and   wou ld   t he re fo re   have   t o   de l ay   o r   t r ans fe r   f r e igh t   t o   t he  BCR v i a   P r i n c e  
George. Some f r e i g h t   o r i g i n a t i n g   i n   e a s t e r n  B.C.,  Alberta  and east could 
b e   t r a n s f e r r e d   t o   t h e  CP l ine   fo r   sh ipmen t   ove r  i t s  southern  B.C. r ou te .  
Since CN f r e i g h t   c a n   t r a n s f e r   t o   t h e  BCR l i n e   w i t h  a minimum o f   d i f f i c u l t y  
and a detour  of  only  150 miles, t r a n s f e r   c o s t s  are es t imated   on ly  $.45 p e r  
ton.   Losses   under   these  condi t ions would  amount to   an   es t imated ,$63 ,000 .  

Table  6 presents   an  estimate o f   t h e   f r i c t i o n a l   c o s t s   i n c u r r e d  by CP dur ing  
a one week c losu re   o f  i t s  l i n e   n o r t h   o f  Basque.  Under these   cond i t ions ,  CP 
cou ld   r e t a in   u se   o f  i ts southern  B.C. r ou te  and   could   t ransfer   o ther   f re ight  
o r i g i n a t i n g   o u t s i d e   o f  B.C. t o   t h e  CN l i n e   v i a   C a l g a r y  and Edmonton. It is 
e s t i m a t e d   t h a t   h a l f  of i t s  normal   f re ight  would u t i l i z e   t h e  CP t r a c k  a t  no 
estra c o s t s ,  and t h a t   f o r   f r e i g h t   t r a n s f e r r e d   t o  CN, the   average   de tour  
d i s t a n c e  would be  about  150 mi les .  Under t h e s e   c o n d i t i o n s   l o s s e s  would 
amount to  about  $31,000. 

I f   e i t h e r   t h e  CP o r  CN l o s t  i t s  t r a c k   f o r   p e r i o d s  up t o  one  month  below 
Basque, f r e i g h t   c o u l d   b e   e a s i l y   t r a n s f e r r e d   t o   t h e   o t h e r   r a i l w a y  via 
Kamloops. While t h e s e   t r a n s f e r s  would involve  some de lay ,  i t  i s  un l ike ly  
t h a t   t h e s e   d e l a y s  would r e p r e s e n t   s u b s t a n t i a l  economic loss.  Again,  however, 
CP would i n  a l l  l ikel ihood  suspend i t s  coa l   sh ipmen t s ,   e spec ia l ly   i f   t he  
B.C. Hydro  Railway  connection t o   R o b e r t s  Bank were c l o s e d ,   s o   t h a t   f r i c t i o n -  
a l  c o s t s  would vary  from $54,000 t o  $234,000, for   c losures   vary ing   f rom  one  
week t o  one  month. 

Under a l l  f o r e s e e a b l e   f l o o d   c o n d i t i o n s   t h e n ,   f r i c t i o n a l   c o s t s  would vary  
from  about $30,000 t o  $680,000 with t h e  l a t te r  estimate based  on a one 
month c losu re   o f  CN, CP and  the BC Hydro  Railway. 
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It is i n t e r e s t i n g   t o  compare these  estimates with.   those which would r e s u l t  
from the use  of a s t a n d a r d   f r i c t i o n a l   l o s s   c o e f f i c i e n t .  As was mentioned 
earlier, t h e   c o s t s  are o f t e n  assumed to   be   abou t  2%,of the   g ros s   va lue   o f  
p r o d u c t i o n ,   o r   i n   t h e   c a s e  of r a i lways ,   t he   g ros s   r evenue   r ece ived   fo r  
a f f e c t e d   f r e i g h t .  Assuming the   wors t   f l ood   cond i t ions   ana lysed   i n   t h i s  
report ' ,   about   1 ,610,000  tons  of   f re ight  would b e   a f f e c t e d .  

I f   t h e   a v e r a g e   h a u l  i s  about 700 miles and  the  average  revenue i s  $.007 per  
ton mile, ' then a 2 percent  of g r o s s   r e t u r n   f r i c t i o n a l   c o s t  would  be  $158,000, 
i n   c o n t r a s t   t o   t h e   f r i c t i o n a l   c o s t  estimate of  $680,000  developed i n   t h i s  
r e p o r t   f o r   i d e n t i c a l   f l o o d   c o n d i t i o n s .  It i s  c o n s i d e r e d   t h a t   t h i s   l a r g e  
d i sc repancy   r e su l t s   f rom  the   f ac t   t ha t   t he   s t anda rd   l o s s   coe f f i c i en t s  were 
developed  mainly  for   pr imary  industr ia l   losses   due  to   product ion  delays and 
i n e f f i c i e n c i e s m   t r a n s f e r r i n g   p r o d u c t i o n   t o   p l a n t s   l o c a t e d   o f f   t h e   f l o o d p l a i n .  
S ince   t h i s   s tudy i s . conce rned   w i th   s econda ry   l o s ses ,   and   s ince   t hese   l o s ses  
are c o n f i n e d   t o   t h e   t r a n s p o r t a t i o n   i n d u s t r y ,   h i g h e r   f r i c t i o n a l   c o s t s   a p p e a r  
l o g i c a l   i n   t h a t   t h e   t r a n s p o r t a t i o n   i n d u s t r y ,  by i t s  na tu re ,  must be  profoundly 
a f f e c t e d  by s toppages   o r   t r ans fe r s .  

I. 2.2 Future  Secondary  Losses 

Information w a s  ob ta ined   f rom  ra i lway  representa t ives   regard ing   the  
p robab le   fu tu re  rail  t r anspor t a t ion   ne twork   and   t e rmina l   f ac i l i t i e s ,   e spec -  
i a l l y   w i t h   r e g a r d   t o   t h e   e f f e c t   s u c h   c h a n g e s  would have on the  magni tude 
o f   fu tu re   f l ood   l o s ses .  

. .  

Overa l l ,  i t  was f o u n d   t h a t   i n   f u t u r e ,  growth  and  expansion  both  of r a i l  and 
t e r m i n a l   f a c i l i t i e s  w i l l  i n c r e a s e   t h e   f l e x i b i l i t y   o f   t h e   t r a n s p o r t a t i o n  
indus t ry ,  and substant ia l ly   reduce  the  dependence on Vancouver  and New 
Westminster   ports .  Someof the   forecas t   changes  a re ' as  fol lows:  

Construct ion of the  Clinton-Ashcroft   connection  between  the BCR 
and CN would e f f e c t i v e l y   l i n k   t h e s e   r a i l w a y s  as well as t h e  CP, 
t hus   subs t an t i a l ly   r educ ing   de tou r   d i s t ances .  The connect ion 
would b e   p a r t i c u l a r l y   b e n e f i c i a l  t o  the   . coa l   i ndus t ry ,   bu t  a l l  com- 
modi ty   sh ipments   would   benef i t   wi th   the   p rovis ion   of   an   a l temat ive  ., 

r o u t e   t o   c o a s t a l  and expor t   marke t s   v i a  BCR: Given  flooding  of  both 
CN and CP l i n e s  belowFhsque f o r  one  month,  use o f . t h i s   c o n n e c t i o n ,  
wou ld   a lmos t   en t i r e ly   e l imina te   t r ans fe r   cos t s ,  making t r a n s f e r - .  
more a t t r a c t i v e   t h a n   d e l a y .  

- Port  expansion is l i k e l y  a t  Pr ince  Rupert  , K i t i m a t  and  possibly 
Squamish, wh i l e  Vancouver area p o r t s   o f f e r  l i t t l e  p o t e n t i a l   f o r  
expansion. CN o f f i c i a l s  were c o n f i d e n t   t h a t  a subs t an t i a l   p ropor -  
t ion  of   bulk  shipments  would b e   r e r o u t e d   v i a   P r i n c e   R u p e r t   i n   t h e  
r e l a t i v e l y   n e a r   f u t u r e ,   t h u s  removing t h i s   f r e i g h t   f r o m   t h e   p o s -  
s ib i l i ty   o f   de lays   due   to   f loodings .   S imi la r ly , .   deve lopment  of 
b u l k   h a n d l i n g   f a c i l i t i e s  a t  Squamiah  would provide   another   f lood  
f r e e   r o u t e   f o r   b u l k  commodities.   Therefore;   while  shipments  to 
Vancouver area p o r t s . a r e   l i k e l y   t o   c o n t i n u e  and  even  increase  to  
some e x t e n t ,  much of t h e   f u t u r e   b u l k   t r a f f i c  w i l l  not  be  suscep- 
t i b l e   t o   f l o o d i n g ,  and when f l o o d i n g   d o e s   o c c u r ,   t r a n s f e r s   t o   t h e s e  
p o r t s  w i l l  be   bo th   poss ib l e  and  economical. 



- A s  the volume  of   cargo   increases ,   addi t iona l   ro l l ing   s tock  w i l l  be  
requi red ,   thus   increas . ing  the amount of   equipment   avai lable   to  
make up delayed  shipments. 

- Roadbed improvements are l i k e l y   t o  be..made  by CP, CN and  the BC 
Hydro Rai lways.   Al l   of   these  ra i lways  recognize  the  danger   posed 
by floods,   and have p l a n s  underway designed  to   improve  f lood 
proof ing   th rough  t rack   e leva t ion ,   tunnel   re loca t ion   and   o ther  
improvements.  The f eas ib i l i t y   o f   f l ood   p roof ing  i s .  ind ica t ed  by 
t h e   f a c t   t h a t  a t  p re sen t   t he   r a i lways  are o n l y   s u s c e p t i b l e   t o  
f l o o d i n g   i n  a few s c a t t e r e d  areas. 

- Creat ion of a s ing le   " t e rmina l "   r a i lway   fo r   t he  Lower Mainland 
would g r e a t l y   i n c r e a s e   t h e   e f f i c i e n c y  of o p e r a t i o n s   i n   t h e  Lower 
Mainland,   which  would  be  ref lected  in   shorter   delays  under   f lood 
and post-f lood  condi t ions.  

- Construction  of a ra i lway  t rack   th rough  the   E lk   Val ley   to   the  U.S. 
would provide   another   f lood   f ree   rou te ,   espec ia l ly   for   coa l   sh ipments .  

It is  d i f f i c u l t ,   i f   n o t   i m p o s s i b l e ,   t o   d e t e r m i n e   t h e   p r o b a b i l i t y   o f   t i m i n g  
of   these  changes.   There i s  l i t t l e  doubt,  however, t h a t  as t h e  volume of  
f r e igh t   i nc reases ,   va r ious   changes  w i l l  occur   which  wil l .  serve t o   r e d u c e  
l o s s e s  due to   f looding .   .Accord ingly ,   the   fo l lowing   assumpt ions   have   been  
made i n   e s t i m a t i n g   f u t u r e   l o s s e s :  

- Overall railway  shipments as measurfd by ton-miles w i l l  i n c r e a s e  
a t  t h e   h i s t o r i c a l  r a t e d  4 percent .  O f  t h i s  amount, h a l f  w i l l  be  
s h i p p e d   t o  Vancouver area p o r t s ,  and  Vancouver area p o r t s  w i l l  
r each   capac i ty  by  1990,  by  which time shipments w i l l  have  increased 
by 50 percent .  

- Costs   per   ton-mile  w i l l '  remain  constant   in  1971  d o l l a r  terms. 

s 

i 

- A discount  rate of 7 percent  i s  assumed. 

Under t h e s e   c o n d i t i o n s ,   t h e  1972 p r e s e n t   v a l u e   o f   l o s s e s   o c c u r r i n g   i n   t h e  
yea r  2000 w i l l  range  from  about  $150,000  to $7,000, depending on the   dur -  
a t i o n   a n d   l o c a t i o n   o f   t r a c k   d i s r u p t i o n s .   T a b l e  7 summarizes the   p re sen t  
v a l u e   o f   f r i c t i o n a l   c o s t s   u n d e r   t h e  6 f lood   cond i t ions   p re sen ted   i n  
Table  1 - 6, a t  5 y e a r   i n t e r v a l s .  

S t a t i s t i c s  Canada,  'Railway  .Transport ,   Part  .IY, 1970. p. 9. 
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I. 3 'Roads 

I f   f l o o d   c o n d i t i o n s  either i n  the Lower Fraser   Val ley   o r   e l sewhere   resu l ted  
i n  the   b lockage  of a l l  road   t r a f f i c ,   s econda ry   l o s ses   cou ld   occu r   bo th   t o  
the t r a n s p o r t a t i o n   i n d u s t r y   a n d   t o   f i r m s   c u t   o f f  either from t h e i r   s o u r c e   o f  
supply o r  markets.  

Loss of t h e  Trans-Canada Highway in   the   v ic in i ty   o f   Spences   Br idge  would 
Fot   represent  a s i g n i f i c a n t   d i s r u p t i o n ,   s i n c e  access between  the Lower 
Mainland  and  the  Interior  would be re routed  via Highways 3 and 5. Since 
these   de tou r s  are s h o r t ,  no extra c o s t s  are envisaged. 

Flooding i n   t h e  Lower.Mainland  which  prevented  access  to Hope via the  Trans-  
Canada  Highway,  however,  would p resen t  more serious  problems.  Given  such 
f looding ,  access t o  the I n t e r i o r  would  only  be  possible  by detouring  through 
t h e  U.S. Therefore ,   whi le  no  permanent sales l o s s e s   t o   f i r m s   l o c a t e d   o f f  
t he   f l oodp la in  are env i saged ,   ce r t a in   road   f r e igh t  would  have t o   b e   e i t h e r  
de l ayed   o r   t r ans fe r r ed   ove r  U.S. roads,   which  represents  a s u b s t a n t i a l  
de tour   d i s tance .   S ince   de tour ing   could   eas i ly   double   opera t ing   expenses   in  
terms of wages  and f u e l ,  i t  is f e l t   t h a t  most a f f e c t e d   f r e i g h t  would be 
de layed .   In  this case, only   the   over t ime  por t ion   o f  wages  would r ep resen t  
extra or f r i c t i o n a l   c o s t s .  

It is  es t imated   tha t   one   month ' s   revenue   in   the   t rucking   indus t ry   for   in te r -  
c i t y  and r u r a l   c a r g o  amounts to   about   $10 ,000 ,000  in  B.C. 

Of t h i s  amount, approximately $2,000,000 r e p r e s e n t s  wages  and  $1,000,000 
r e p r e s e n t s   f u e l   c o s t s .  Only a small po r t ion  of t o t a l   f r e i g h t   r e p r e s e n t s  
I n t e r i o r   t r a f f i c  and  of   this ,   only a p o r t i o n  would incur   secondary 
f r i c t i o n a l   l o s s e s .   F o r   p u r p o s e s   o f   a n a l y s i s ,  i t  i s  assumed t h a t   1 0 %   o f   t h i s  
f r e i g h t  would be   de layed   for   one  month,  and t h a t  a l l  of t h i s   d e l a y e d   f r e i g h t  
would require   use  of   overt ime  labor .  Under t h e s e   c i r c u m s t a n c e s ,   f r i c t i o n a l  
c o s t s   d u e   t o  a one month c l o s u r e   o f   t h e  Trans-Canada Highway i n   t h e  Lower 
Mainland  would  generate '   f r ic t ional   costs   of   about   $100,000.  

It i s  e s t i m a t e d   t h a t   i f  a l l  t h e   a f f e c t e d   f r e i g h t  were t r a n s f e r r e d   v i a  U.S. 
roads ,   ope ra t ing   cos t s  would  double,   for a t o t a l   l o s s  of $300,000. In  view 
of t h i s   d i sc repancy ,  i t  is cons ide red   l i ke ly   t ha t  most a f f e c t e d   f r e i g h t  
would be  delayed.  

Fo r   t he   fu tu re ,  the most  important  road  development w i l l  be  completion  of a 
major  highway  from  Lytton t o  Vancouver via  the North  Shore,  Squamish  and 
Li l looe t .   This   rou te   involves   mi leage  similar t o   t h e  Trans-Canada r o u t e  
and i s  e n t i r e l y   f l o o d   f r e e .  A l l  s econda ry   l o s ses   t o   t h&, t ruck ing   i ndus t ry  
w i l l  be   e l imina ted  when t h i s   r o a d  is completed.   For  purposes  of  analysis,  
i t  has been  assumed t h a t   t h i s   r o a d  w i l l  be   comple t ed   i n  1987. 

i 

. .  . 

'D.B.S. ; 'Motor .Carriers - Fre igh t ,  .1968. A growth rate of 5% used   t o  
e s t fma te  1972  revenues. 
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The present 1972  values  of  these  losses,   assuming a 5 percent  annual  growth 
i n   t r a f f i c ,  i s  given  below  in 5 y e a r   i n t e r v a l s .  A 7 percent   d i scount  rate 
is used. 

Year Present  .Value 

1972  $100,000 
1977  92,000 
1982  83,000 
1987 75 , 000 
1992 
199 7 
2000 

”- 

”- 

- ” 

I .4 O i l  and Gas P i p e l i n e s  

. .  

Both o i i  and gas   p ipe l ines  are loca ted  on t h e   f l o o d p l a i n ,  and- c losu re  of  
t h e s e   p i p e l i n e s  due t o  f looding  would result  i n   . s u b s t a n t i a l  pernianent sales 
l o s s e s .  I 

Wes tcoas t   T ransmiss ion   de l ive r s   na tu ra l   gas   t o  B.C. Hydro  and t o  E l  Paso 
Natura l  Gas a t  Huntingdon,  which i s  l o c a t e d   a t . . t h e   s o u t h e r n   e n d , o f  Sumas 
P r a i r i e .  Gas d e l i v e r i e s   t o  E l  Paso amount to   abou t  800 m i l l i o n   c u .   f t .   p e r  
day,  with  an  export  value  of  about  $270,000  per  day. B.C. Hydro r ece ives  
about 200 m i l l i o n   c u .   f t .   p e r   d a y ,   w i t h   a . g r o s s   v a l u e  o,f about  $170,000  per 
day. 

Control  and m e t e r i n g   f a c i l i t i e s  a t  Huntingdon  could  be  inundated by f looding  
but   could  be  operated  underwater .   In   addi t ion,   f lood  protect ion  could 
eas i ly   be   p rovided  a t  t h e s e   f a c i l i t i e s   d u r i n g   a n  emergency. 

I n   a d d i t i o n   t o   t h e s e   c o n t r o l   f a c i l i t i e s ,   t h e  main g a s   l i n e  traverses. t h e  
f loodp la in  a t  Sumas P r a i r i e ,  so t h a t  some d a n g e r .   o f   l i n e   f l o t a t i o n  exist’s. 
However, much o f   t h i s   l i ne   has   been   we igh ted ,  and o f f i c i a l s   o f   W e s t c o a s t  
Transmiss ion   doubted   whether   rd i s rupt ion   due   to   l ine   rup ture  would occur .  

Consequently,   no,   secondary  losses ‘are envisaged as a r e s u l t   o f .   d i s r u p t i o n s  
i n   g a s   p i p e l i n e s .  

Trans  Mountain‘has a pumping s t a t i o n  on t h e  Sumas f loodp la in  as well, and 
without  emergency f l o o d   p r o t e c t i o n   t h i s   s t a t i o n  would  be, v u l n e r a b l e   t o  
f looding.  Of the  average  dai ly   throughput   of   approximately  350,000  barrels  
o f   o i l ,  some 250,000 b a r r e l s  are e x p o r t e d   t o   t h e  U.S. Trans .Mountain 
receives   abovt   $130,000  dai ly   for   t ransmission  services .  

Cons ider ing   the   po ten t ia l   magni tude  of f lood   losses   and  ‘the small area which 
would r e q u i r e   f l o o d   p r o t e c t i o n  by dyking, i t  i s  cons idered   tha t   f lood .pro-  
tection  could  be  provided  during  an  emergency,  and no secondary  losses  are 
envisaged. 

I 
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Because  June i s  no t  a p e a k   t o u r i s t  month,  and s i n c e   a l t e r n a t e   r o u t e s   t o  
Vancouver   and  the  Inter ior  are a v a i l a b l e   f o r   b o t h  U.S. and  other  Canadian 
v i s i t o r s ,  no  secondary  losses  would a c c r u e   t o   t h e   t o u r i s t   i n d u s t r y  as a 
r e s u l t  of  f looding on the  Lower Mainland.  Tourist  accommodations i n   t h e  
Vancouver area would, i n   f a c t ,   r e a l i z e   s u b s t a n t i a l  income  from  displaced 
f loodp la in   r e s iden t s   du r ing   and   a f t e r   f l ood   cond i t ions .  

I. 6 Conclusion 

I n   o r d e r   t o  assess the   po ten t ia l   for   seconda ' ry   f lood   losses   due   to   b reakages  
i n   t h e   t r a n s p o r t a t i o n   n e t w o r k ,  a number of  interviews were he ld   w i th  r a i l  
a n d   p o r t   t e r m i n a l   o f f i c i a l s   t o   d e t e r m i n e   t h e i r   a b i l i t y   t o   e i t h e r   t r a n s f e r   o r  
de lay   sh ipments   fo l lowing   t rack   d i s rupt ions .   Genera l ly ,  i t  was found  tha t  
bo th   the   ra i lways   and   por t   t e rmina ls   have   suf f ic ien t   capac i ty   and   exper ience  
t o  make up delayed  shipments  of up t o  o'ne month. Short  term d i s r u p t i o n s  
are q u i t e  common annual ly   due  to  snow condi t ions  and labor   d i sputes ,   and  
the   r a i lways   annua l ly   ac t iva t e  a f lood  emergency  program  aimed a t  minimizing 
de lays   fo l lowing   t r ack   d i s rup t ions .  

Po r t  terminals gene ra l ly   ca r ry   subs t an t i a l   i nven to r i e s   o f   bu lk   commodi t i e s ,  
and  can more than  double  throughput by o p e r a t i n g   e x t r a   s h i f t s .  

Because  of   these  factors ,  i t  can  be  concluded  that  no  permanent sales l o s s e s  
for   bulk  or   other   commodit ies   would  occur   due  to   f looding  which  caused r a i l  
d i s rup t ions .  

Rai l  o f f i c i a l s   s t a t e d   t h a t   w h i l e   t h e y  would p re fe r   t o   mere ly   de l ay  a l l  ship-  
ments   during  f lood  condi t ions,   they would t r a n s f e r  commodities  which 
gene ra t e   h igh   p ro f i t s ,   pe r i shab le s   and   su f f i c i en t   bu lk   commodi t i e s   t o   p reven t  
permanent sales losses .   Genera l ly ,  a l l  piggyback  and  general  merchandise 
would b e   t r a n s f e r r e d   t o  B.C. Railway, as would a po r t ion  of bulk  shipments .  

Delayed  shipments  would  be made up by us ing   ov2r t ime  labor ,  so t h a t   t h e  
ex t r a   cos t   t o   t he   r a i lways   fo r   de l ayed   sh ipmen t s  would be   conf ined   to   the  ~ 

overt ime  port ion  of  wages p a i d .   I f   h a l f  o f  the  .delayed  shipments   required 
t h e   u s e  of over t ime  labor ,  extra c o s t s  of about   $ .35  per   ton would r e s u l t .  

S i n c e   t r a n s f e r r i n g   f r e i g h t   f r o m  either CN o r  CP t o  the BCR would involve  
detours   of   f rom  150  to  400 miles extra, c o s t s  would inc lude  the extra l a b o r  
and f u e l   r e q u i r e d .  These c o s t s  are es t imated  a t  about $.003 p e r   t o n  mile, 
o r  $.80 p e r   t o n   t r a n s f e r r e d .  

F r i c t i o n a l   c o s t s   u n d e r   v a r i o u s   f l o o d   c o n d i t i o n s  would range  from  about 
$30,000 t o  $680,000, as shown i n   T a b l e s  1 - 6. Losses 'would  vary  depending 
on the l o c a t i o n  and du ra t ion  of track d i s rup t ions .  
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Futu re   f r i c t iona l   cos t s .were   de t e rmined  on t h e   b a s i s  of foreseeable   changes 
i n  the t ranspor ta t ion   ne twork ,  as well as i n   p a s t  growth. rates i n  r a i l  
t r a f f i c .   G e n e r a l l y ,  i t  can  be  concluded  that  as changes are made i n   t h e  r a i l  
network, the po ten t i a l   fo r   s econda ry   l o s ses   due   t o   f l ood ing  w i l l  dec l ine .  

The   present   va lue   o f   these   losses  was pro jec ted   to   the   year   2000,   based  011 

a growth ra te  of 2 pe rcen t   annua l ly   un t i l  1990 i n   f r e i g h t   d e s t i n e d   f o r  
.Vancouver area p o r t s ,  and a discount  rate of 7 percent .  

, . . .  , .  
Thus, i t  i s  es t ima ted   t ha t   t he  max'imum poss ib l e   s econda ry   l o s s   t o   t he  r a i l  
t r a n s p o r t   i n d u s t r y  would amount to  about  $680,000,  and  that   over time, t h e  
po ten t i a l   fo r   s econda ry   l o s ses  w i l l  d e c l i n e  relative tor  the  expected  growth 
i n   t r a f f i c .  

~ . ,  ,. I . . . .. . 

Much the same , s i tua t ion , ex i s f s   w i th   r ega rd   t o  the road ' t r anspor t   i ndus t ry .  
Losses   would   be   conf ined   to '   the   f r ic t iona l -cos ts   : caused  by .de l ay   o r   de tou r ing  
shipments  through  the U . S .  a t  Huntingdon.  Only' a smali' po r t ion  of t o t a l  
t r u c k   t r a f f i c   i n  B.C. would be   suscep t ib l e   t o   such   l o s ses ,   and  where  disrup- 
t ions   occur red ,  i t  is, l i ke ly   t ha t -   t he   ma jo r i . t y  ,of, shipments  would  be  delayed. 
Under these  condi ' t ions,   secondary  f lood. losses  would  amount' t o  $100,000. I n  
t h e   e v e n t   t h a t  a l l  f r e i g h t  were de toured ,   losses  of about $300,000 would 
r e s u l t .  * :  . . ., . ; ' ' .  

While o i l  and  gas  pipelinek l i e  wi th in   t he   f l oodp la in ,  i t  is cons ide red   t ha t  
the  companies- involved  would  protect   their   control   and pumping f a c i l i t i e s  
w i th  loca l  dyking, and 'no  secondary losses' would-.occur . 

,,. - "~ - . . . .  -. 
a I , , .  * 

Tourism  would  probably  not   be  s ignif icant ly   affected.  by f lood ing ,   s ince  
a l t e r n a t e   r o u t e s   b o t h   t o   t h e -  Lower 'Mainland  and . t h e   I n t e r i o r  are a v a i l a b l e .  
Vancouver area h o t e l s ,   r e s t a u r a n t s ,   e t c . ,  would probably  be a t  f u l l   c a p a c i t y  
i n  any case, s e r v i c i n g  f lood v ic t ims .  
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