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ABSTRACT 

Th is   paper   repor ts   the   resu l ts   o f   an   economet r ic   s tudy   o f   the   water  

i n t a k e  demands and w a t e r   v a l u a t i o n   f o r   B r i t i s h   C o l u m b i a   i n d u s t r i e s .  

The data  set  emplqyed i s  t h e  1981   Na t iona l   I ndus t r i a l   Wa te r  Use Survey. 

L i t t l e   r e s e a r c h  has  been  conducted i n   t h i s   f i e l d  and,   thus,   the  repor t  

discusses  methodology a t  some length .  

Water   use  costs   const i tu te  a v e r y   s m a l l   p a r t   o f   t h e   t o t a l   c o s t s   o f   B r i t i s h  

Columbia f i r m s .  Water 's  cost   share  ranges  f rom 0.5 percent   (Meta l  

F a b r i c a t l n g )   t o  3.0 percent  (Wood P r o d u c t s ) .   D e s p i t e   t h e   r e l a t i v e  

i n s i g n i f i c a n c e   o f   t h e   c o s t   o f   w a t e r ,   a l m o s t   a l l   i n d u s t r i e s '   w a t e r  demands 

a r e   f o u n d   t o  be p r i c e   s e n s i t i v e .   S i n g l e   e q u a t i o n   i n t a k e  demand f u n c t i o n s  

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

and  discharge and t h e   l e v e l   o f   o u t p u t  as exp lana to ry   va r iab les .  The 

wa te r   i n take  own p r i c e   e l a s t l c i t i e s  range  from  -0.01  (Primary  Metals) t o  

-1.7 (Pe t ro leum)   and   ou tpu t   e las t i c i t i es   va ry   f rom 0 . 1 4  ( M i n e r a l  

P r o d u c t s )   t o  1 .9   ( f ' r imary   Meta ls ) .   lhus ,   indus t r ia l   water  demands a r e  

s t rong ly   i n f l uenced   by   wa te r   i n take   cos ts   and   t he   l eve l   o f  firm output .  

There  have  been  few  previous  studies  whlch  have  investigated  the  value  of 

w a t e r   t o   i n d u s t r i a l   u s e r s   i n  Canada.  Such i n f o r m a t i o n  will be  impor tant  

f o r   a c h i e v i n g  maximum benef i t s   f rom  water   use  as demands f o r   w a t e r  

i n c r e a s e   i n   t h e   f u t u r e .   T h i s   s t u d y   i n v e s t i g a t e s   i n d u s t r i a l   w a t e r  
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va lua t ion   by   Br l t i sh   Co lumbia   manufac tur ing   f i rms  and  es t imates  

w i l l i n g n e s s   t o  pay   f igures .   Average  g ross   w i l l i ngness   to   pay   var ies   f rom 

$9 per  1000m3 ( 1 9 8 1   d o l l a r s )   f o r  Paper  and A l l i e d   P r o d u c t s   t o  $2583 per  

lOOOm . for  Food  and  Beverage i n d u s t r i e s   w h i l e   a v e r a g e   n e t   w i l l i n g n e s s  t o  3 

pay  ranges  from $0.9 per  1000m3 f o r   P r i m a r y   M e t a l s   t o  $48 per  lOOOm f o r  

Food  and  Beverage  products. 

3 

The e m p i r i c a l   r e s u l t s  o f  t h i s   s t u d y  must  be  viewed as b e i n g   p r e l i m i n a r y .  

More soph is t i ca ted   economet r i c   t echn lques   a re   f eas ib le   wh ich   shou ld  

r e s u l t   i n  more r e l i a b l e   e s t i m a t e s   o f   i n d u s t r i a l   w a t e r  demand. Most 

i m p o r t a n t l y ,   t h e  demand fo r   wa te r   shou ld  be  seen  as  one o f  many, 

i n t e r r e l a t e d ,  demands t h e  firm expresses .   Th ls   suggests   tha t   the  demand 

f o r   w a t e r   s h o u l d   b e   s t a t i s t i c a l l y   e s t i m a t e d  as one o f  a s e t   o f  

i n t e r r e l a t e d  demand equa t ions   f o r   each   i ndus t r y .  
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RESUME 

Ce rappor t   p rksente   les   rksu l ta ts   d 'un   e tude  econom6t r ique  des   requetes  

de p r i s e   d ' e a u   e t   d ' e s t i m a t i o n  de l a   v a l e u r   d ' e a u   p o u r   l e s   i n d u s t r i e s  de 

l a  Colombia-Br i tannique. La source  des donnCes u t i l i s e e  dans  ce  rapport  

e s t   l e   " r e l e v 6   d ' u t i l i s a t i o n   d ' e a u   i n d u s t r i e l l e   n a t i o n a l e  de  1981".  Le 

r a p p o r t   a u s s l   d l s c u t e  en d e t a l l   l a   m e t h o d o l o g i e  employee  vue  que t r P s  peu 

de recherche  se f a i t  dans  ce  domaine. 

Les c o a t s   d ' u t i l i s a t l o n   d ' e a u   s o n t   m i n l m e s  compare  aux f r a i s   t o t a l  de 

fonct ionnement   des  indust r ies  en  Colombie-Br i tannlque  e t  l e   c o o t  de 

pa r tage   pou r   l ' eau   va r ie  de 0.5% ( f a b r i c a t i o n  de p r o d u i t  en m e t a l )  a 3.0% 

( i n d u s t r i e  de bo is ) .   Ma lgre   ce  coGt i n s i g n i f i c a t i f  de  l 'eau,  l a  demande 

d 'eau   res te   sens ib le   au   p r i x   pou r   p resque   tou tes   l es   i ndus t r i es .  La 

p r i s e   d ' e a u   p o u r   p l u s i e u r s  demandes f u t   e s t i m e e   p a r  une  seule  equat ion 

comprenant  de var iab les   ( indkpendentes)  de coot   de  pr ise  d 'eau,   de 

t r a i t e m e n t ,  de r e c i r c u l a t i o n ,   d ' h a c u a t i o n   d ' e a u   e t   d u   n l v e a u  de 

produc t ion .  Les i n d i c e s   d ' 6 l a s t l c i t 6 e s  de  ces  coots de p r i s e   d ' e a u  

v a r i e n t  de  -0.01 (metaux  pr inc ipaux)  a -1.7 ( p r o d u i t  de p e t r o l e )   e t  

c e l l e s  de p roduc t i ons   f u ren t  de 0.14 ( p r o d i u t  minCaux e t  non  mCtal l lques) 

a 1 .9   (me taux   p r i nc ipaux ) .   A lns i   l a  demand d ' e a u   p a r   l e s   I n d u s t r i e s   e s t  

f o r t e m e n t   i n f l u e n c e e   p a r   l e s   c o o t s   d e   p r i s e   d ' e a u   e t  de  niveau  de 

produc t ion .  
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La va leu r  economique d'eau  pour l e s  i n d u s t r i e s   e s t  une ques t i on   qu i   n ' a  

pas e t 6   p o u r s u i v i e   a u  Canada mats qu i   par   con t re   es t   d 'une  impor tance 

. c r i t i q u e   p o u r   l a   d i s t r i b u t i o n   e f f i c a c e   d ' e a u   e n t r e   l e s   d i v e r s   u s a g e r s .  

La v a l e u r   i n d u s t r i e l l e   d ' e a u   p o u r   l e s   i n d u s t r i e s  en Colombie-Britannique 

f u t  examinee  en es t iman t   l es  donnes sur l a   v o l o n t e  du  consommateur  pour 

payer   pour   cet te   ressource.  La moyenne b r u t e   l a   v o l o n t e   p o u r   p a y e r   f u t  

de $9 par  1000 m3 (en   do l - l a rd  de  1981)  pour l ' i n d u s t ' r i e  de pap ie r  a $2583 

pa r  1000 m p o u r   l ' i n d u s t r i e  des a l iments   e t   bo issons .  Par c o n t r e  l a  

moyenne n e t   f u t  de $0.9 par  1000 m pour   l es  metaux p r i n c i p a u x  a $48  par 

1000 m p o u r   l ' i n d u s t r i e  des a l imen ts   e t   bo i ssons .  

3 -  

3 

3 

Les resu l ta t s   emp i r l ques  de cet te   6 tude  sont   necessai rement  

p r e l i m i n a i r e s .  Des techniques  econom6triques  plus  avanc6es  sont 

r ka l i sab les   e t   son t   p lan i f i es   p rocha inemen t .  De p r ime   abo rd   l a  demande 

d ' e a u   d o i t   e t r e  vue comme une  des  nornbreuses demandes r e l i e e s  que 

l ' i n d u s t r i e   d e s i r e .  Par  consequence, l a  demande d ' e a u   d o i t   e t r e   e s t i m 6  

d ' u n e   f a c o n   s t a t i s t i q u e   e t  comme une  des v a r i a b l e s   r e l i e e s  dans 

l ' e q u a t i o n  de demande en  eau pour  chaque i n d u s t r i e .  



I; 
j, 

t 
8. 

I. 

11. 

ABSTRACT 

RESUME 

'INTRODUCTION 

- v -  

TABLE OF CONTENTS 

PAGE 

BACKGROUND 

A .  I n t r o d u c t i o n  

8.  Past  Research  on  Water Demands 
C .  I n s t i t u t i o n a l  Framework 

D .  Summary 

111. WATER USE I N  B R I T I S H  COLUMBIA MANUFACTURING 

A.  I n t r o d u c t i o n  

B .  I n d u s t r i a l  Water Use 

C.  Summary 

IV. , DATA AND ESTIMATION METHODS 

A. I n t r o d u c t i o n  

B. Data 

C.  Economic  Theory o f  Demand 

D .  Es t ima t ion  Methods 

E .  Summary 

V.  THE COSTS OF WATER USE 

A .  I n t r o d u c t i o n  

B. Water P r i c i n g   i n   B r i t i s h  Columbia 

C.  The I n t e r n a l   C o s t s  o f  I n d q s t r i a l   W a t e r  Use 

D . Summary 

i 

iii 

1 

3 
3 

3 
1 7  

19 

20 

20 

21 

21 

31 
31 

31 
33 

41 

45 

46 

46 

46 

48 

55 

. .  



- v i  - 

TABLE OF CONTENTS (Cont inued)  

PAGE 

VI. EMPIRICAL RESULTS 

A. I n t r o d u c t i o n  

B .  E m p i r i c a l .   R e s u l t s  

C . Summary 

VII. INDUSTRIAL VALUATION OF WATER 

A.  I n t r o d u c t i o n  

B .  I n d u s t r i a l   V a l u a t i o n  o f  Water:  Theory 

C .  I n d u s t r i a l   V a l u a t i o n  o f  Water:  Evidence 

VIII. CONCLUSIONS 

APPENDIX A .  Mining  Water Demands 

APPEND1.X B .  1976 B r i t i s h  C o l u m b i a   I n d u s t r i a l  

Water Demands 

REFERENCES 

57 
57 

57 

69 

71 

71 

71 

74 

78 

82 

90 

105 



- v i 1  - 

LIST OF TABLES 

PAGE 

2.1 Summary of   Recent  Hunic ipal   Water Demand Stud ies  

3 . 1   I n d u s t r i a l  Water Use i n   B r i t i s h  Columbia 

3.2  Water  Intake  by  Purpose i n  B r i t i s h  Columbia 

3.3  Water Use b y   I n d u s t r i a l  Group i n   B r i t i s h  Columbia 

3.4 Water  Intake  by  Source i n  B r i t i s h  Columbia 

3.5  Water  Discharge  by  Discharge  Point i n  B r i t i s h  

Col  umbla 

3.6  Water Use R e l a t i v e   t o  Employment  and O u t p u t   I n  

B r i t i s h  Columbia 

4.1 Number o f   O b s e r v a t i o n s   b y   I n d u s t r y   f r o m   B r i t i s h  

Columbia  Nat ional   Water Use Surveys 

5.1  Sample C a l c u l a t i o n   o f  Fees  Under t h e  Water  Act 

5.2 I n d u s t r i a l  Water Use Costs  by  Purpose i n  B r i t i s h  

Columbia 

5.3 Computed A v e r a g e   I n d u s t r i a l  Water Use Costs i n  

B r i t i s h  Columbia 

5.4  Estimated Mean M a r g i n a l   C o s t   o f   I n d u s t r i a l  Water 

Use i n   B r i t i s h  Columbia 

5 . 5  Water's  Share i n  Tota l   Cos ts  i n  B r i t i s h  Columbia 

Manufac tur ing  

6.1 Estimated  Water Use Cost  Equat ions  by  Industry  and 

Water Use Category i n  B r i t i s h  Columbia 

6.2 E s t i m a t e d   I n d u s t r i a l   W a t e r   I n t a k e  Demand Equat ions 

6.3 I n d u s t r i a l  Water Demands i n  B r i t i s h  Columbla: 

Es t lma ted   P r i ce  a n d   O u t p u t   E l a s t i c i t i e s  

7.1 I n d u s t r i a l  Water Demands i n  B r i t i s h  Columbia: 

Est imated  Gross  and  Net  Wi l l ingness t o  Pay 

9 

23 

24 

25 

26 

28 

29 

32 

48 

50 

51 

53 

54 

59 

64 

75 



- v i 1 1  - 

LIST OF TABLES (Cont inued) 

PAGE 

A . l  Summary o f  B r i t i s h  Columbia  Mining  Water Use 
S t a t i s t i c s  

A.2 Water Use by   B r i t i sh   Co lumb ia ' s   M in ing   Sec to r :  

Summary o f  M in ing   Emp i r i ca l   Resu l t s  

B . l  Indust ry   Groupings i n  BWM S tudy ,  

8.2 Dummy Var iab les  Used i n   E s t i m a t i o n  Models 

8.3  Water In take   Cos ts  

8.4  Comparison o f  Water I n t a k e   P r i c e   E l a s t i c i t i e s  

B.5 Est imated Demand Equat ions.  

84 

86 

91 

94 

97 

99 

101 

. .  . .. 



- 1  - 

CHAPTER I 

INTRODUCTION 

Canada i s  endowed w i t h  an  enormous quan t i t y   o f   f r eshwa te r   resources .  

T h i s   s i t u a t i o n  has, u n t i l   v e r y   r e c e n t l y ,   l e d   t o   t h e   p e r c e p t i o n   t h a t  

f reshwater  i ' s  n o t  a scarce  resource. A s  a r e s u l t   l i t t l e  economic 

a n a l y s i s  has  been  conducted i n t o   t h e   s t r u c t u r e  o f  Canadian  water 

demands. What work  has  been  done  has  concentrated  on  examining  the  price 

s e n s i t i v i t y  o f  urban  domestic  water demands. The n a t u r e   o f   i n d u s t r i a l  

water demands i n  Canada has  been e s s e n t i a l l y   i g n o r e d .  

T h l s   s i t u a t i o n  i s  changing. It i s  now wide ly   agreed  tha t   f reshwater   can  

no  longer  be  t reated  as a ' f ree   good ' .   There fore ,   an   unders tand ing   o f  

a l l   s e c t o r s '   w a t e r  demands i s  r e q u i r e d   i n   o r d e r   t o  manage t h l s   r e s o u r c e  

o p t i m a l l y .   T h i s   p r o j e c t  examines t h e   n a t u r e  and s t r u c t u r e  o f  t h e   B r i t i s h  

Columbia  manufactur ing  and  min ing  indust r ies '  demands f o r   w a t e r .  Some o f  

the  quest ions  which w'ill be  addressed  here in   inc lude  the   fo l low ing :  

1 .   A re   i ndus t r i a l   wa te r  demands s e n s i t i v e   t o  changes i n   p r i c e  and, 

i f  s o ,  t o  what  degree? 

2.  How do B r i t i s h  C o l u m b i a   i n d u s t r i e s   d i f f e r   i n   t h e   d e g r e e   o f  

p r i c e   s e n s i t i v i t y   o f   t h e i r   w a t e r  demands? 

3 .  What i s   t h e   r e l a t i o n s h i p  between  water  intake  and  other  forms 

o f   l n d u s t r i a l   w a t e r   u s e   ( e . g .   r e c i r c u l a t i o n  and t rea tment )?  

4 .  What va lue do i n d u s t r i e s   p l a c e  on the i r   wa te r   use?  

. , ._. . . 
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These ques t ions   (and  o thers )  will be  addressed  through  the  use  of 

s t a t i s t i c a l  models o f   water  demands. Some o f   t h e  economic  and 

s t a t i s t i c a l   c o n c e p t s  used  here  are  complex and exp lanat ions  have  been 

prov ided where they  appeared  necessary. 

The da ta   se t  used i n   t h e   s t a t i s t i c a l .   p o r t i o n s   o f   t h i s   r e p o r t  comes from 

t h e  1981 I n d u s t r i a l  Water Use Survey  conducted  by  Environment Canada. 

Whi le   the  survey was n a t i o n a l   i n  scope t h i s   s t u d y   r e s t r i c t s  i t s  a t t e n t i o n  

t o   B r i t i s h  Co lumbia   manufac tur ing   indus t r ies .  The manufac tur ing   indus t ry  

i s  a n   i m p o r t a n t   w a t e r   u s e r   i n   B r i t i s h  Columbia.  According t o   t h e  

1981-1982 Canada Water  Year Book, t he   manu fac tu r ing   sec to r  was 

respons ib le   f o r   wa te r   w i thd rawa ls   o f  5600 m i l l i o n   l i t r e s   p e r  day w h i l e  

t h e   t o t a l   r e c o r d e d   w i t h d r a w a l s   f o r   t h e   p r o v i n c e   w e r e  9301 m i l l i o n   l i t r e s  

per  day. Thus, t he   manu fac tu r ing   sec to r   accoun ted   f o r  61 p e r c e n t   o f   a l l  

r e c o r d e d   w a t e r   w i t h d r a w a l s   i n   B r i t i s h  Columbia. 

Two th ings   shou ld  be  emphasized before  proceeding. F i r s t ,  t h e   r e s u l t s  

repo r ted   he re   a re   p re l im ina ry .  Because t h e r e  has n o t  been very much work 

done i n   t h i s   f i e l d ,   t h e r e  still ex is t   d ispu tes   regard ing   methodo logy  and 

i n t e r p r e t a t i o n   o f   r e s u l t s .  Second, t h i s   r e p o r t ' s   p u r p o s e  i s  t o  summarize 

t h i s   p r o j e c t ' s  methods  and e m p i r i c a l   r e s u l t s   ( a n d   t e n t a t i v e   c o n c l u s i o n s )  

t o  date.   Related  topics  which  could  be  explored i n   t h e   f u t u r e   i n c l u d e  

t h e  use o f  s t a t i s t i c a l   w a t e r  demand equat ions i n   f o r e c a s t i n g ,   t h e  use o f  

i n d u s t r i a l   v a l u a t i o n  o f  water   est imates i n   r i v e r   b a s i n   p l a n n i n g  models 

and t h e  use o f   economica l l y  and s t a t i s t i c a l l y  more sophis t icated  models  

o f   i n d u s t r i a l   w a t e r  demands. 
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CHAPTER I 1  

BACKGROUND 

A .  I n t r o d u c t i o n  

The purpose  o f   th is   chapter  

i ssues   wh ich   sur round  the   es t  

i s   t o  examine some 

i m a t i o n   o f   i n d u s t r i a  

o f  the  background 

1 water demands i n  

B r i t i s h .  Columbia. These background  issues may be  grouped i n t o  two 

broad  categor ies.  F i r s t ,  p a s t   r e s e a r c h   r e l a t i n g   t o   t h e   m o d e l i n g ,  

measurement  and e s t i m a t i o n   o f   w a t e r  demands i s  reviewed. Second, 

t h e   i n s t i t u t i o n a l  framework i n  wh ich   t he   t h ree   l eve l s   o f   gove rnmen t  

regulate  water   use i n   B r i t i s h  Columbia i s  discussed. 

It shou ld   be   no ted   tha t   the   fo l low ing  i s  n o t  meant t o  be  an 

e x h a u s t i v e   r e v i e w   o f   t h e   r e l e v a n t   l i t e r a t u r e .   F o r  a comprehensive 

d i s c u s s i o n   o f   a p p l i e d   w a t e r  demand a n a l y s i s   t h e   r e a d e r   i s   r e f e r r e d  

t o  t h e  .volume ed i ted   by   K ind le r  and Russel l   (1984) .  The 

j u r i s d i c t i o n a l   d i v i s i o n   o f  powers  over  water  use  regulat ion i s  

reviewed i n  Ruggeberg  and Thompson (1985).  

6. Past  Research on Water Demands 

The economic a n a l y s i s   o f   w a t e r  demands has   on l y   recen t l y   rece ived  

much a t t e n t i o n .   R e l a t i v e   t o   o t h e r   f i e l d s   o f   a p p l i e d  economic 

r e s e a r c h ,   t h i s   a r e a   o f   r e s e a r c h   i s  still i n   i t s   i n f a n c y .   S e v e r a l  

f a c t o r s   h a v e   i n h i b i t e d  economic  research i n   t h i s   f i e l d .  The popu lar  

p e r c e p t i o n   o f   t h e   r e l a t i v e  abundance  o f   water   and  the  prevai l ing 

r e l i a n c e  on  supply management (1.e.  where  an  imbalance  between 

. . .. 
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demand and  supp ly   fo r   water   has   ex is ted   the   perce ived  p rob lem was 

how t o   i n c r e a s e   s u p p l y   a t   t h e   l e a s t   c o s t )  have c e r t a i n l y   s t i f l e d  

c o n c e r n   w i t h   r e g u l a t i n g  . .  water  use. These a t t i t u d e s  have i n t e r f e r r e d  

w i t h   t h e   g a t h e r i n g  'of  data  necessary t o  do demand s t u d i e s .   I n  

add i t ion ,   the   f requent   absence  o f  a d i sce rn ib le   marke t   f o r   wa te r  and 

assoc ia ted   p r i ce   f o r   wa te r   have  made model ing  water demands 

d i f f i c u l t .   D e s p i t e   t h e s e   d i f f i c u l t i e s   w a t e r  demands have  been 

s t u d i e d   i n   s e v e r a l   s e c t o r s .  Most o f   t h e   e x i s t i n g   r e s e a r c h   - h a s  

concentrated  on  municipal-domest ic  water demands.  The major 

concerns  addressed i n   t h i s   l i t e r a t u r e   a r e   d i s c u s s e d   l a t e r   i n   t h i s  

chapter.  Very l i t t l e  research has  been d i r e c t e d   a t   i n d u s t r i a l   w a t e r  

demands. T h i s   l i t e r a t u r e  i s  examined i n  some d e t a i l .   F i n a l l y ,   t h e  

l e a s t   s t u d i e d   i s s u e   i n v o l v e s   t h e   v a l u a t i o n   o f   i n d u s t r i a l   w a t e r  use. 

A d e t a i l e d   d i s c u s s i o n   o f   t h i s   t o p i c  i s  de layed   un t i l   Chap te r  7 .  

There  have  only  been a few  economic  s tud ies  o f   water 's   ro le  i n   t h e  

produc t ion   p rocess .   For   the   most   par t   these  s tud ies   have 

c o n c e n t r a t e d   o n   e s t i m a t i n g .   t h e   p r i c e   e l a s t i c i t y   o f   i n t a k e   w a t e r  

demand and t h e   e l a s t i c i t i e s   o f   s u b s t i t u t i o n  between  water  and  other 

i n p u t s .  These s tud ies   have   cons ide red   e i t he r  a s i n g l e   i n d u s t r y ,  

u s i n g  a s m a l l   s a m p l e   o f   f i r m - l e v e l   i n p u t   d a t a   o r   t h e   e n t i r e  

manu fac tu r ing   i ndus t r y   us ing   h igh l y   agg rega ted   i npu t   da ta .  

DeRooy (1974)  represents  one o f   t h e   e a r l i e s t   a t t e m p t s   t o  examine 

s t a t i s t i c a l l y   i n d u s t r i a l   w a t e r  demands. The d a t a   s e t   c o n s i s t s   o f  

water  cost   and  use  data  f rom a c r o s s   s e c t i o n   o f  30 New Jersey 
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. . .. , . . . ,  

chemical firms. S ing le   equat ion  demand func t i ons   a re   separa te l y  

es t lma ted   f o r   wa te r  use i n   c o o l i n g ,   p r o c e s s i n g  and  steam 

'p roduc t i on .   Exp lana to ry   va r iab les   i n   each   equa t ion   i nc lude  firm 

o u t p u t ,   t h e   p r i c e   o f   w a t e r   i n t a k e   ( p r o x l e d   b y   t h e   a v e r a g e   c o s t   o f  

water  use)  and a technology dummy v a r i a b l e   r e l a t e d   t o   t h e   p l a n t ' s  

a g e .   E s t i m a t e d   p r i c e   e l a s t i c i t i e s   r a n g e   f r o m  -0.354 ( p r o c e s s i n g )   t o  

-0 .894  (coo l ing) .  No a t t e m p t   t o   i n c l u d e   w a t e r   r e c i r c u l a t i o n   o r  

o t h e r   i n p u t s  o r  t o   e s t i m a t e   t h e  demand equat ions  as a system i s  made. 

Greberste in   and  F ie ld   (1979)   est imate a t r a n s l o g   c o s t   f u n c t i o n   f o r  

t h e  U . S .  manufac tu r ing   i ndus t r y  and inc lude   wa te r  as  an i n p u t   t o  

p roduc t ion .  The c ross-sec t iona l   da ta  s e t  c o n s i s t s  o f  f i f t y  s t a t e  

l e v e l   o b s e r v a t i o n s  on i n p u t   p r i c e s   ( t h e   p r i c e   o f   i n t a k e   w a t e r  was 

p rox ied   by  i t s  average  cost) .  The s t u d y   f i n d s   i n t a k e   w a t e r ' s  

es t ima ted   cos t   sha re   t o  be  1.2  percent  and  f inds  an own p r i c e  

e l a s t i c i t y   o f  -0.326. The s tudy   a l so   f i nds   wa te r - l abour  

s u b s t l t u t i b i l i t y  and w a t e r - c a p i t a l   c o m p l e m e n t a r i t y .   I n  a r e l a t e d  

s t u d y ,   B a b i n ,   W i l l i s  and Al len  (1982)  use a more  dissaggregated  data 

s e t   i n   o r d e r   t o   e s t i m a t e   t r a n s l o g   c o s t   f u n c t i o n s   f o r  U . S .  t w o - d i g i t  

S t a n d a r d   I n d u s t r i a l   C l a s s i f i c a t i o n  ( S I C )  code  manufactur ing 

i n d u s t r i e s .  The s tudy   employs   c ross-sec t iona l   s ta te   leve l   da ta  on 

i n p u t   p r i c e s   f o r  1973   (aga in ,   i n take   wa te r ' s   p r i ce  i s  p rox ied   by  i t s  

average  cost)   and  imposes  constant  returns t o   s c a l e   i n  i t s  e s t i m a t i o n  

model. The water  cost   share  ranges  f rom  0.21  percent  (Fabr icated 

M e t a l s )   t o  7.9% ( C h e m i c a l s )   a n d   p r i c e   e l a s t i c l t i e s   r a n g e   f r o m   b e i n g  

i n 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   z e r o  (Food,  Machinery, E l e c t r i c  and 
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E l e c t r o n i c   P r o d u c t s )   t o  -0.66 (Paper  and A l l i e d   P r o d u c t s ) .  The 

s tudy   f i nds   wa te r -cap i ta l   comp lemen ta r i t y   i n   Paper ,   Me ta l  

F a b r i c a t i n g ,   M i n e r a l s  and on a p o o l e d   r e g r e s s i o n   o f   a l l  

Manufac tur ing   wh i le  i t  f i n d s   w a t e r - c a p i t a l   s u b s t i t u t i b i l i t y   i n  Food 

and E l e c t r i c a l  Equipment .   Both  o f   these  s tud les  use  an  I terat ive 

Ze l l ne r   es t ima t ion   p rocedure  and  assume t h a t   t h e   p u b l i c   u t i l i t y  

suppl ied  average  costs  o f  wa te r   use   accu ra te l y   re f l ec t   t he  shadow 

p r i c e   o f   w a t e r   f o r   s e l f - s u p p l i e d  f i r m s .  

Only one s t u d y   t o   d a t e   c o n f r o n t s   t h e   p r o b l e m   o f   d e f i n i n g   t h e   p r i c e  

o f   w a t e r   f o r   . s e l f - s u p p l i e d  f i r m s .  Z i e g l e r  and Bel l   (1984)   use a 

c ross -sec t i ona l   da ta   se t  o f  23 "h igh  volume  water  using f i r m s "  i n  

Arkansas  paper and chemica ls   i ndus t r i es   wh ich   g i ves   t o ta l   cos t   o f  

in take  water   use,  age o f   t h e   p l a n t  and a d e s c r i p t i o n   o f   t h e  

product ion  process i n  use.   Z ieg ler  and B e l l  then  conduct a two-par t  

est imat ion  procedure.  F i r s t ,  t o t a l   i n t a k e   e x p e n d i t u r e  i s  regressed 

against   the  square  o f   water   in take.   Th is   a l lows  the 

the  average  and  marginal  c o s t s  o f   wa te r   i n take .  

bo th  used i n  separa te   s ing le   equat ion   water  

1 

func t i ons .  These demand f u n c t i o n s   a r e   e s t i m a t e d   i n  

computat ion  o f  

These t h e n .   a r e  

i n t a k e  demand 

l o g l i n e a r   f o r m  

and  have  the   in take   p r ice   (p rox ied  by e i ther   average  o r   marg ina l  

c o s t )  and technology dummies as exp lanatory   var iab les .  F i r m  ou tpu t  

i s  no t   i nc luded  as  an exp lanatory   var iab le .   Desp i te   the   p rob lem 

a s s o c i a t e d   w i t h   t h e   o v e r l y   s i m p l i f i e d   e s t i m a t i o n  model,   Zlegler and 

B e l l  conc lude  that   average  cost   acts  as  a b e t t e r   p r o x y   f o r   t h e   p r i c e  

o f  i n take   water .  

See Chapter IV f o r  a d e t a i l e d   d i s c u s s i o n   o f   t h i s   p r o c e d u r e .  
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A study  by Sims (1979) 1 s  o n l y   i n d i r e c t l y   r e l a t e d   t o   i n d u s t r i a l  

water demand mode l ing   bu t  i s  discussed  here  as i t  i s  t h e   o n l y  

p u b l i s h e d   r e s e a r c h   i n t o   i n d u s t r i a l   w a t e r  demands u s i n g  a Canadian 

da ta   se t .  Sims a p p l i e s  a t r a n s l o g   c o s t   f u n c t i o n   t o   t h e   e s t i m a t i o n  

o f   t h e   p o l l u t i o n  abatement  responsiveness  of   p lants i n  the   b rew ing  

i n d u s t r y   i n  Canada. The s tudy   f i nds  a h igh  degree  o f   responsiveness 

t o  sewer c h a r g e s   ( p r i c e   e l a s t i c i t y  o f  water   d ischarge was est imated 

a t  - 0 . 4 4 3 ) .  However,  due t o   t h e   s t r u c t u r e   o f   t h e  sewer charges   ( the  

amount charged  being a f u n c t i o n  o f  t h e   q u a n t i t y  o f  water   d ischarged 

and t h e   c o n c e n t r a t i o n  o f  wastes i n   d i s c h a r g e   w a t e r )  a p o s i t i v e  

re la t i onsh ip   be tween   i n take   wa te r  and  sewer  charges i s  found. The 

S ims  research does n o t   i n t e g r a t e   t h e   e s t i m a t i o n  o f  water  demand 

e q u a t j o n s   i n t o  a more genera l   econometr ic   model   o f   the firms' 

produc t ion   p rocesses .  

These produc t ion   s tud ies   have  severa l  common f e a t u r e s .  They at tempt  

t o   i n c o r p o r a t e   w a t e r   u s e   i n t o   a n  economic  model o f  firm d e c i s i o n  

making. They a d d r e s s   t h e   e m p i r i c a l   q u e s t i o n   o f   w h e t h e r   i n d u s t r i a l  

wa te r   i n take  i s  p r i c e   r e s p o n s i v e  and, i m p o r t a n t l y ,   t h e y   a l l   r e j e c t  

t h e   n u l l   h y p o t h e s i s   t h a t   w a t e r   i n t a k e  demands a r e   n o t   s e n s i t i v e  t o  

t h e   p r i c e   ( o r   a v e r a g e   c o s t )   o f   i n t a k e   w a t e r .  

Another   impor tan t   par t   o f   the   water  demand l i t e r a t u r e  concerns 

i t s e l f   w i t h   t h e   e s t i m a t i o n   o f   m u n i c i p a l   r e s i d e n t i a l   w a t e r  demands. 

I n   c o n t r a s t   t o   t h e   p r o d u c t i o n   s t u d i e s   r e v i e w e d  above the   mun ic ipa l  

water demand s t u d i e s   t y p i c a l l y  draw on d a t a   s e t s   w i t h   l a r g e  numbers 
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p a y   c o n s i d e r a b l e   a t t e n t i o n   t o   t h e  

d e f i n l t l o n   o f   t h e   p r i c e   o f   w a t e r .   I n t e r e s t e d   r e a d e r s  shou 

' c o r r e c t  I 

I l d   c o n s u l t  

K i n d l e r  and Russell  (1984,  Chapter 2 )  which  surveys  the  munic ipa l  

water demand l i t e r a t u r e .  

Table 2 . 1  summarizes t h e   m a j o r   f i n d i n g s   o f   r e c e n t   m u n i c i p a l   w a t e r  

demand s tud ies .  All o f   t h e s e   w o r k s   f i n d   r e s i d e n t i a l   w a t e r   u s e   t o  be 

s e n s i t i v e   t o   p r i c e   ( p r i c e   e l a s t i c i t i e s   r a n g i n g   f r o m  -0.115 t o  -1.12) 

and t o  income  (income e l a s t i c i t i e s   r a n g i n g   f r o m  0.11 t o  2.14). 

Whi le  a v a r i e t y   o f   f u n c t i o n a l  fo rms  and data  sources were used i n  

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

r e s i d e n t i a l   w a t e r  demands a re   t he  norm ra the r   t han   t he   excep t ion .  

Wi th   the   except ion  o f  t h e   d e f i n i t i o n   o f   t h e   p r i c e   o f   w a t e r  most 

r e s i d e n t i a l   w a t e r  demand studies  have  used f a i r l y   s i m i l a r  models and 

methods. The  demand f o r  water i s  t y p i c a l l y  modeled t o  be  a f u n c t i o n  

o f   t he   f o l l ow ing   exp lana to ry   va r iab les :   p r i ce ,   househo ld  income, 

t h e  number o f  r e s i d e n t s   i n   t h e   h o u s e h o l d  and some var iab le   measur ing  

a t rnospher l c   cond i t i ons   ( cen t ime t res   o f   ra in fa l l   pe r   yea r ,  mean d a i l y  

temperature,  e t c ) .  Examples o f   o ther   exp lanatory   var iab les   wh ich  

have  been  inc1,uded  are: r e s i d e n t i a l   l o t  s i z e ,  number o f  bathrooms 

per  household,   type  of   residence and e d u c a t i o n   l e v e l   o f   r e s i d e n t s   i n  

the  household. 

Most  o f   t h e   w a t e r  demand func t ions   a re   es t imated  as s i n g l e  

e q u a t i o n s .   I n   t h i s  case,  economic t h e o r y   p r o v i d e s   l i t t l e   g u i d a n c e  
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TABLE 2.1 

Summary o f  Recent  Munici  a1 
Water Demand Stud ies  Q 

Author 
P r i c e  Income 

R e g i o n   S t u d i e d   E l a s t i c i t y 2   E l a s t i c i t y  

Andrews  and 
G i  bbs ( 1975) 

Grima  (1972) 

Howe and 
Linaweaver  (1967) 

Fos te r  and 
Bea t t  i e ( 1979) 

Sewell  and 
Roueche ( 1974) 

B i l l i n g s   ( 1 9 8 2 )  

Sigurdson  (1982) 

Hanke  and 
de  Marl   (1982) 

A l -Quna ibe t  and 
Johnston  (1985) 

M i  ami 

O n t a r i o  

Un i ted   S ta tes  

Un i ted   S ta tes  

V i c t o r i a  

Tucson 

Saskatchewan 
and Man! toba 

Malmo, Sweden 

Kuwa i t 

-0.51 t o  -0.62  0.52 t o  0.81 

-0.75 t o  -1.07  0.48 t o  0.56 

-0.231 t o  -1.12  0.319 t o  0.662 

-0.33 t o  -0.68  0.18 t o  0.37 

-0.457  0.268 

-0.56 t o  -0.66  2.14 

-0.81 5 no t   repo r ted  

-0.15  0.11 

-0.771 t o  -0.957  0.06 t o  0.211 

NOTES: 

1. A more  complete summary o f   r e c e n t   s t u d i e s   c a n   b e   f o u n d   i n  
A l -Quna ibe t  and  Johnston  (1985) 

2 .  The p r i c e   e l a s t i c i t y   o f   w a t e r  demand i s  d e f i n e d  as t h e  
percentage  change i n   t h e   q u a n t i t y   o f   w a t e r  demanded i n  response 
t o  a one percent  change i n   t h e   p r i c e   o f   w a t e r .  Thus, a v a l u e   o f  
- .50 w o u l d   i n d i c a t e  a one-hal f  of a p e r c e n t   d e c l i n e  i n  q u a n t i t y  
demanded i n  response t o  a one p e r c e n t   i n c r e a s e   i n   p r i c e .  The 
income e l a s t i c i t y  i s  d e f i n e d  as the   pe rcen tage  change i n   t h e  
q u a n t i t y   o f   w a t e r  demanded when the  consumer's  income  Increases 
by  one  percent. 

. .. 
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t o   t h e   ' p r o p e r '   f u n c t i o n a l   f o r m   t o  be  est imated. A s  a r e s u l t ,  most 

s tud ies   es t ima te  and r e p o r t   s e v e r a l   f u n c t i o n a l   f o r m s   ( l o g - l i n e a r ,  

double  log,   l inear ,   Stone-Geary,   e tc) .   Most   s tud ies  use  an  ord inary 

l eas t   squares   es t ima t ion   p rocedure   (w i th   t he   excep t ion   o f   recen t  

i ns t rumen ta l   va r iab les   a t tempt  - c f .  Jones  and Morr is,   1984).  

An impor tan t  way i n  w h i c h   e m p i r i c a l   s t u d i e s   o f   r e s i d e n t i a l   w a t e r  

demands d i f f e r   i s   t h e  manner i n  w h i c h   p r i c e   i s   d e f i n e d .  These 

d i f f e r e n t   d e f i n i t i o n s   r e p r e s e n t   r e s e a r c h e r s '   a t t e m p t s   t o   d e a l   w i t h  

t h e   p o t e n t i a l   s i m u l t a n e i t y   b i a s  when e s t i m a t i n g  demand equat ions i n  

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

I n   t h e  case o f   b l o c k   r a t e   p r i c i n g ,   t h e   p r i c e   p a i d   f o r   t h e   m a r g i n a l  

u n i t  i s  de te rm ined   by   t he   t o ta l   quan t i t y   o f   wa te r  consumed. 

A t t e m p t i n g   t o   e s t i m a t e  a  demand f u n c t i o n   f o r   w a t e r   u n d e r   t h e   f a l s e  

assumpt ion   o f   p r ice   exogene i ty  may, t h e n ,   l e a d   t o  a s i m u l t a n e i t y  

p rob lem  and  y ie ld   b iased  parameter   es t imates   (c f .  Kmenta, 1971; 

Maddala,  1977).  This i s  because  both  the l e f t  hand s i d e   v a r i a b l e  

( t h e   q u a n t i t y   o f   w a t e r  demanded) and a t   l e a s t  one r i g h t  hand s i d e  

v a r i a b l e   ( t h e   p r i c e   o f   w a t e r )   a r e   u l t i m a t e l y   f u n c t i o n s   o f   t h e  

q u a n t i t y   o f   w a t e r .  A s  a r e s u l t   b o t h   v a r i a b l e s   a r e   d e t e r m i n e d  

simultaneously  and i t  i s  v e r y   d i f f i c u l t   t o  use  one 

v a r i a t i o n s   i n   t h e   o t h e r .  Thus, t h e   p r i c e   v a r i a b  

c o e f f i c i e n t  may b e   b i a s e d ,   ( t h a t   i s ,   t h e   e x p e c t e d   ( o r  

o f   t h e   c o e f f i c i e n t   c a n n o t  be assumed t o  equa l   the  

t o   e x p l a i n   t h e  

l e ' s   e s t i m a t e d  

average)  value 

t r u e ,  unknown 



- I I  - 

p o p u l a t i o n  mean v a l u e   o f   t h e   c o e f f i c i e n t )  because t h e   s i m u l t a n e i t y  

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

t e r m  and t h i s   v i o l a t e s  one o f   t he   bas i c   assumpt ions   under l y ing  

Ordinary  Least  Squares (OLS) es t imat ion .  

The e x i s t e n c e   o f   t h i s   p r o b l e m  has  been  recognized f o r  some t i m e   b u t  

has  been  acted  upon  only  recently. The f o l l o w i n g   d i s c u s s i o n  

considers  three  approaches t o   t h e   s i m u l t a n e i t y   p r o b l e m   i n   t h e  

e s t i m a t i o n   o f   r e s i d e n t i a l   w a t e r  demands. 

The f i r s t  approach  ignores  the  s imultanei ty  problem.  This  method 

uses  average  cost o f  w a t e r   ( t o t a l   w a t e r   i n t a k e   e x p e n d i t u r e s   d i v i d e d  

by  gross  water  intake)  as a p r o x y   f o r   t h e   m a r g i n a l   p r i c e   o f   w a t e r  

(DeRooy, 1974; Fos ter  and B e a t t i e ,  1979;  Grebenstein  and  Field, 

1979;  Babin, Willis and' A l l e n ,  1982;  Stone  and  Whitt ington, 

1984).  This  method has  been  adopted e i t h e r  because o f   d a t a  

l i m i t a t i o n s   o r  because  -of  an a p r i o r i   b e l i e f   t h a t   t h e   s i m u l t a n e i t y  

e s t i m a t i o n   e r r o r  'IS i n  some sense r e l a t i v e l y   s m a l l   ( c f .   F o s t e r  and 

Beat t ie ,   1981) .   There  are  two  shor tcomings  to   th is   approach.  The 

obv ious   f law i s  t h a t  i t  ignores  the  problem.  Secondly ,   the  use o f  

average  pr ices i n   p l a c e   o f   m a r g i n a l   p r i c e s   c a n   l e a d   t o   i n a c c u r a t e  

e s t i m a t e s   o f   p r i c e   e l a s t i c i t i e s   ( B i l l i n g s  and  Agthe,  1980). 

The second c l a s s   o f   s o l u t i o n s  uses a v a r i a t i o n  on the  reduced  form 

method o f   d e a l i n g   w i t h   s i m u l t a n e i t y   b i a s .  The idea common t o  

methods w i t h i n   t h i s   c l a s s   i s   t h a t   i n   a d d i t i o n   t o   u s i n g   m a r g i n a l  
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p r i c e  as an e x p l a n a t o r y   v a r i a b l e ,   a n o t h e r   p r i c e   r e l a t e d   e x p l a n a t o r y  

var iab le   shou ld  be inc luded  wh ich   cap tures   the   impact   o f   the  

s t r u c t u r e   o f   i n t r a m a r g i n a l  . .  p r i c e   b l o c k s  on water demand. 

B i l l i n g s  and  Agthe  (1980) f i rst  proposed  adopt ion  o f  a method 

in t roduced  by Tay lo r  ( 1 9 7 5 )  and subsequent ly   modi f ied  by  Nord in 

(1976).  The Tay lo r -Nord in  method  uses  two p r i c e   r e l a t e d   v a r i a b l e s  

i n   t h e  demand f u n c t i o n .  One v a r i a b l e  i s  s i m p l y   t h e   m a r g i n a l   p r i c e  

f o r   t h e   o b s e r v e d   l e v e l   o f   w i t h d r a w a l s .  The second i s  c a l l e d  a 

' d i f f e r e n c e   v a r i a b l e '  and i s  de f i ned  as " the   d i f fe rence  be tween  the  

consumer's  actual  u t i l i t y   b i l l  and what  would  have  been p a i d  i f  a l l  

u n i t s   o f   t h e  commodity  were  purchased a t   t h e   m a r g i n a l   p r i c e ' '  

( B i l l i n g s  and  Agthe,  1980,  p.  74). The f irst v a r i a b l e  i s  meant t o  

c a p t u r e   s u b s t i t u t i o n   e f f e c t s   w h i l e   t h e  second i s  designed t o   c a p t u r e  

income e f f e c t s .  

G r i f f i n  and Mart in   (1981)   present  a t , h e o r e t i c a l   j u s t i f i c a t i o n   f o r  

the   use   o f   the   Tay lo r -Nord in  method b u t   c a u t i o n   a g a i n s t  i t s  

implementat ion.  They n o t e   t h a t   o b s e r v a t i o n   e r r o r s   c o u l d   i m p l y   t h a t  

observed  quant i t ies   would  not  be i n   t h e  same p r i c e   b l o c k s  as t h e  

t r u e   q u a n t i t i e s .  As  a r e s u l t ,   t h e   e s t i m a t i o n   o f  demand parameters 

may still depend  on t h e   p r i c e   r a t e   s t r u c t u r e  and the   Tay lo r -Nord in  

method will not   so l ve   t he   s imu l tane i t y   p rob lem i f  o b s e r v a t i o n   e r r o r s  

a r e   l a r g e r   t h a n  some c r i t i c a l   l e v e l .  The obvious  problem i s  t h a t  

t h e   ' c r i t i c a l   l e v e l '   c a n n o t  be d e t e r m i n e d   p r i o r   t o   e s t i m a t i o n .  
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There  have  been  two  responses t o   t h e   G r i f f i n  and M a r t i n  

o b s e r v a t i o n .   B i l l i n g s  and Agthe  (1981)   admi t   the  problem  ex is ts   but  

a rgue  tha t   expos te  a researcher  can  use  est imated  residuals i n   o r d e r  

' I  I . t o   i d e n t i f y   ' s u s p i c i o u s '   d a t a   p o i n t s   ( i . e .   q u a n t i t y   o b s e r v a t i o n s  

l i k e l y   t o  be i n  a p r i c e   b l o c k   d i f f e r e n t   f r o m   t h a t   o f   t h e   t r u e   v a l u e )  

and  re-est imate  the demand f u n c t i o n   w i t h o u t  them. Wi th  a l a r g e   d a t a  

s e t   t h i s  method i s   n o t   l i k e l y   t o  be f e a s i b l e .  A second  response t o  

G r i f f i n  and M a r t i n   a t t e m p t s   t o   g e n e r a t e   e s t i m a t e s   o f   t h e   m a r g i n a l  

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

da ta   se t .   B i l l i ngs   (1982)   p roposes   t he   f o l l ow ing   s t ra tegy .   To ta l  

revenue  f rom  water  sales i s  computed f o r  a g i v e n   r a t e   s t r u c t u r e .  

Nex t   t he   f o l l ow ing   equa t ion  i s  est imated: TR = a .  t b Q t u (where Q 

i s   t o t a l   w a t e r   w i t h d r a w a l s ,   ( a )  and ( b )   a r e   e s t i m a b l e   c o e f f i c i e n t s  

and ( u )   i s  an   e r ro r   te rm) .  Then t h e   e s t i m a t e   o f   ( b )  ac$s as a proxy 

f o r   m a r g i n a l   p r i c e  and the   es t imate   o f   (a )   serves   as  a p r o x y   f o r   t h e  

d i f f e r e n c e   v a r i a b l e .  As the   es t ima ted   coe f f i c i en ts   a re   cons tan ts  

t h e   G r i f f i n - M a r t i n   p r o b l e m  i s  avoided. 

The t h i r d   c l a s s   o f  methods  employs  an i ns t rumen ta l   va r iab les  

approach.  This I s  perhaps  the  most  accepted  econometric  technique 

t o  d e a l   w i t h   t h e   b i a s e s   i n t r o d u c e d   i n t o  OLS es t ima t ion   by  

s i m u l t a n e i t y .  The hear t   o f   t he   two   s tage   es t ima t ion   p rocedure  

i n v o l v e s   r e p l a c i n g   t h e  endogenous e x p l a n a t o r y   v a r i a b l e   ( i n   t h i s  

case,   marg ina l   pr ice)   wi th   an  est imate  der ived  by  regress ing  the 

v a r i a b l e   a g a i n s t  a s e t   o f   ' i n s t r u m e n t s '   ( i . e .  a s e t   o f   v a r i a b l e s  

h i g h l y   c o r r e l a t e d   w i t h   t h e   e x p l a n a t o r y   v a r i a b l e   b u t   o r t h o g o n a l   t o  

. . . .  .. . " 
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t h e   e r r o r   t e r m ) .  It can  be shown t h a t   t h i s   p r o c e d u r e   y i e l d s  

consistent,  unbiased  parameter  estimates  (Kmenta,  1971;  Maddala, 

1977).   This  method  has  only  recent ly been  proposed i n   t h e   c o n t e x t  

of   model ing  water.  demands. It i s  discussed  (but  not  implemented)  by 

Terza and  Welch (1982) and i s  implemented  by  Jones  and  Morris 

(1984).  The common prob lem  under ly ing   th is   approach i s  t o  choose 

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

It i s  i m p o r t a n t   t o   n o t e   t h a t   t h e s e  more s o p h i s t i c a t e d  methods o f  

d e a l i n g   w i t h   t h e   s i m u l t a n e i t y   b i a s   p r o b l e m   a r e   f e a s i b l e  because a l l  

o f   t h e   o b s e r v a t i o n s   a r e  assumed t o  be   faced  w i th   the  same p r i c e  

s t r u c t u r e .  Thus,  Jones  and Morr is  (1984)  use a s i n g l e  

m u n i c i p a l i t y ' s   w a t e r   b l o c k   r a t e   s t r u c t u r e  as t h e   i n s t r u m e n t a l  

v a r i a b l e   i n   t h e i r   e s t i m a t i o n  model. I n   t h e  case o f  a da ta   se t  

d raw ing   obse rva t i ons   f rom  seve ra l   j u r i sd i c t i ons ,   t h i s   p rocedure  i s  

l e s s   a t t r a c t i v e .   F o r  example, t h e   B r i t i s h  Columbia f i r m s  responding 

t o   t h e   I n d u s t r i a l  Water Use Survey  face a v a r i e t y   o f   w a t e r   p r i c e  

schedules and y e t   t h e y  do n o t  all face one, common, b l o c k   s t r u c t u r e  

as they  do n o t   a l l  have p r o v i n c i a l   l i c e n c e s .  

The l a s t   a r e a  o f  a p p l i e d  economic  water  research t o  be  considered 

here   concerns   the   va lua t ion   o f   indus t r ia l   water   use .   Th is   rev iew 

will n o t   c o v e r   t h e   v a l u a t i o n   o f   i n   s i t u   w a t e r  uses  (see  Mul ler ,  

1985; Russe l l  and Vaughan, 1982; Adamowicz  and P h i l l i p s ,  1983)  nor 

will i t  cons ide r   t he   p rob lem  o f   app ly ing  a v a l u e   t o   w a t e r   i t s e l f  

independent  of  i t s  v a l u e   i n  use ( c f .   M i t c h e l l ,   1 9 8 4 ) .  

- .. .. . .. . , .. 
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The q u e s t i o n   a l t e r n a t i v e   v a l u a t i o n  methods  attempt t o  address i s  

'how much would a firm value one  more u n i t   o f   i n t a k e   w a t e r ? ' .   T h e r e  

i s  one ( c o m p u t a t i o n a l l y   d i f f i c u l t )  method  which d i r e c t l y  answers 

t h i s   q u e s t i o n  and   seve ra l   o the rs   wh ich ,   recogn iz ing   t he   d i f f i cu l t y  

o f  a prec ise  answer,   a t tempt   to   prov ide  lower   or   upper   bounds  to  

t h i s   v a l u e .  

A f i r m ' s  w i l l i n g n e s s   t o  pay  (1.e. i t s   v a l u a t i o n )   f o r  one  more u n i t  

o f   i n t a k e   w a t e r  i s  j u s t   e q u a l   t o   t h a t   u n i t   o f   w a t e r ' s   c o n t r i b u t i o n  

t o   t h e  firm's p r o f i t s .  Because t h e   f i r m ' s   p r o f i t   l e v e l ,  i n  genera l ,  

depends  on t h e   q u a n t i t i e s   o f   i n p u t s  i t  i s   c u r r e n t l y  employing, so 

t o o  does the   f i rm 's   marg ina l   va lua t i on   o f   wa te r .  The f i r m ' s  

v a l u a t i o n   o f   w a t e r ,   t h e n ,   i s   n o t   g e n e r a l l y  a cons tan t   bu t  depends  on 

t h e   q u a n t i t i e s  o f  o the r   i npu ts   used   by   t he  firm. 

I n   p r i n c i p l e ,  a n   i n p u t ' s   m a r g i n a l   c o n t r i b u t i o n   t o  a f i r m ' s   p r o f i t s  

can   be   es t imated .   Unfor tunate ly ,   th is   t ype   o f   research   (on   water ' s  

m a r g i n a l   c o n t r i b u t i o n   t o   p r o f i t s )  has n o t  been  conducted i n  

Canada.' A procedure   wh ich   c lose ly   fo l lows  th is   method,   however ,  

has  been  used t o  e s t i m a t e   f a r m e r s '   v a l u a t i o n   o f   i r r i g a t i o n   w a t e r  

(Bowden, 1985). The p rocedure   f o r   ' r es idua ls   impu ta t i on '   (Young  and 

Gray,  1972,  Chapter 7 )  s u b t r a c t s   a l l   n o n - w a t e r   I n p u t   c o s t s   f r o m  

t o t a l  revenue   and   ass igns   t he   res idua l   as   t he   g ross   re tu rn   t o  

i r r i g a t i o n .   V a l u e s   o f  $100 - 200  per. hectare  have  been  computed 

* Chapter VI1 p r e s e n t s   t h i s   s t u d y ' s   a t t e m p t s   a t   t h i s   t y p e   o f  
e s t i m a t i o n .  
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u s i n g   t h i s  method  (Bowden,  1985,  12). The procedure,  however, i s  

v e r y   s e n s i t i v e  t o  t h e   d e f i n i t i o n  o f  non-water  input c o s t s  

( p a r t i c u l a r l y   c a p i t a l  c o s t s ) .  I n   a d d i t i o n ,   t h e   i n c l u s i o n   o f  a r i s k  

premium i n   t h e   c o s t   o f   c a p i t a l  i s  an  unresolved  issue. These 

d i f f i c u l t i e s   a s i d e ,  however, t h i s  method o f   r e s i d u a l s   i m p u t a t i o n  

appears t o  be  a promising  source f o r  f u t u r e   e s t i m a t e s   o f   i n d u s t r i a l  

water   use  va luat ion.  

An a l te rna t i ve   p rocedure   wh ich   p rov ides  an  upper  bound t o  t he   va lue  

o f   wa te r   cons ide rs   t he   cos t   o f   rep lac ing   i n take   wa te r   w i th   t he   ' nex t  

b e s t   s u b s t i t u t e ' .   I n  m o s t  o f   t h e   i n d u s t r i a l   v a l u a t i o n   l i t e r a t u r e  

t h i s   i d e a  has  been i n t e r p r e t e d   t o  mean t h a t   t h e   v a l u e   o f   i n d u s t r i a l  

wa te r   i n take  may be   approx imated  by   the   cos t   o f   rec i rcu la t ing  an 

a d d i t i o n a l   u n i t   o f   w a t e r  (Young  and  Gray,  1972; M i t c h e l l  1984; 

Mul ler ,   1985) .  The major   p rob lems  assoc ia ted   w i th   th is   perspec t ive  

a r e   t h a t   c o s t   e s t i m a t e s   a r e   u s u a l l y   r e s t r i c t e d   t o   e n g i n e e r i n g  c o s t  

est imates and t h a t   r e c i r c u l a t i o n  i s  almost  always assumed t o  be t h e  

l e a s t   c o s t   a l t e r n a t i v e   t o   a d d i t i o n a l   w a t e r   i n t a k e .  A more d e t a i l e d  

mode l ing   o f   the   p roduc t ion   techno logy  may r e v e a l   t h a t   t h e  

s u b s t i t u t i o n   o f   o t h e r   i n p u t s   ( l a b o u r ,   c a p i t a l   o r   m a t e r i a l s )  may be 

t h e  most e f f i c i e n t  way t o  decrease  water  use. 

A t h i r d  method  est imates a l ower  bound t o   t h e  f i r m ' s  v a l u a t i o n   o f  

wa te r .   Acco rd ing   t o  economic theo ry ,   t he  firm shou ld   ad jus t  i t s  

i n p u t  use so t h a t  each i n p u t ' s   m a r g i n a l   c o s t  i s  j u s t   e q u a l   t o   t h e  

m a r g i n a l   b e n e f l t s . i t   p r o v i d e s   t o   t h e  firm. A t  the  marg in,   then,   the 
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c o s t   o f   i n t a k e   w a t e r   i n d i c a t e s   t h e   m a r g i n a l   v a l u e  firms a t t a c h   t o  

water  use.  Assuming  water  use i s  c h a r a c t e r i z e d   b y   d e c l i n i n g  

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

cos t   o f   in take   water   wou ld   usua l ly   underes t imate   the  f i r m ' s  

v a l u a t i o n   o f   i n t a k e   w a t e r .  

All of   t hese   me thods   a re   p rocedures   f o r   es t ima t ing   t he   p r i va te  

v a l u a t i o n   o f  a s o c i a l   ( i . e .   p u b l i c l y   a d m i n i s t e r e d )   r e s o u r c e   r a t h e r  

t h a n   t h e   s o c i a l   v a l u a t i o n  o f  t h e   p r i v a t e  use o f  a resource. The two 

values may, i n   f a c t ,   d i v e r g e   s i g n i f i c a n t l y .  The use o f   i r r i g a t i o n  

water  i s  an e x c e l l e n t  example. I n  Bowden ( 1 9 8 5 ) ,   t h e   p r i v a t e  

f a r m e r ' s   v a l u a t i o n  o f  d e l i v e r e d   i r r i g a t i o n   w a t e r  was est imated t o  be 

between $100-200 pe r   i r r i ga ted   hec ta re   pe r   yea r .   Bu t  i f  t he   cos ts  

o f  d e l i v e r y  exceed t h i s   f i g u r e   t h e n   t h e   s o c i a l   v a l u a t i o n  o f  t h e  

water  use i s  nega t i ve .   Un fo r tuna te l y ,   t he   ques t i on  o f  t h e   s o c i a l  

o p t i m a l i t y  o f  water  use i s  a t o p i c  beyond t h e  scope o f  t h i s   s t u d y .  

C. I n s t i t u t i o n a l  Framework 

I n   t h i s   s e c t i o n   t h e   l e g i s l a t i v e  and i n s t i t u t i o n a l  framework  which 

regu la tes   the   w i thdrawal ,   use ,  and  discharge o f  water  by firms i n  

B r i t i s h  Columbia i s  o u t l i n e d .  

The prov inces   a re   genera l l y   regarded as t h e   p r o p r i e t o r s   o r  owners o f  

wa te r   resources   w i th in   t he i r   boundar ies   (excep t   f o r   Na t iona l   Pa rks  

and   o the r   f ede ra l   l ands ) .  They t h e r e f o r e   h a v e   t h e   b a s i c   a u t h o r i t y  

t o  manage water   resources,   l icence  uses,   regulate  f lows  and  levy 
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fees.  The p r i n c i p l e   p i e c e  o f  l e g i s l a t i o n  used i n   B r i t i s h  Columbia I 
f o r  these  purposes i s  the B r i t i s h  Columbia  Water  Act (RSBC ch. 429, 

1984). 

, I 
Under the Water   Ac t   permiss ion   to   w i thdraw  water   f rom a stream must 

be ob ta ined  f rom  the   p rov inc ia l   government .  The use of  groundwater 

or  unrecorded  stream  water  for   domest ic  purposes does n o t   r e q u i r e  

permiss ion  . The prov incqa l   gover r iwnt   g ran ts   permiss ion  by i s s u i n g  

a l i c e n c e   w h i c h   s p e c i f i e s  how  much water  the  user may wi thdraw  f rom 

a given  water  body  and  for  what  purpose. The issuance  o f  a l i cence ,  

however,  does no t   imp ly  a guarantee t o  a constant   supply   o f   water .  

3 

From  an  economic p e r s p e c t l v e   t h e   i m p o r t a n t   f e a t u r e   o f   t h e   l i c e n s i n g  

system i s  t h e   s e t   o f   a p p l i c a t i o n  and renta l   fees  which  must  be pa id  

by   the   water   user . -  To many companies  which do n o t   r e l y  on mun ic ipa l  

w a t e r   u t i l i t i e s   t h e s e   f e e s   a r e   t h e   o n l y   e x t e r n a l   ' p r i c e '   t h e y  f a c e .  

The ac tua l   ra tes   cha rged   a re   spec i f i ed   i n   t he   regu la t i ons  t o  t he  

Water  Act  and  are  subject t o  change  by  an  executive  order i n  

c o u n c i l .  The f e e s   l e v i e d  on water  users  vary  by  purpose  of  use and 

w i t h   q u a n t i t y   o f   w a t e r   w i t h d r a w n .   I n   a d d i t i o n ,   t h e   a p p l i c a t i o n  and 

a n n u a l   r e n t a l   f e e s   a r e   i n   t h e   f o r m   o f  a d e c l i n i n g   b l o c k   s t r u c t u r e .  An 

example o f   t he   na tu re   o f   t he   f ees   cha rged  i s  presented i n  Table 5 . 1 .  

I 
Unrecorded  water i s  t h e   s u p p l y   a v a i l a b l e  i n  a stream i n  excess  of 
t h e   t o t a l   q u a n t i t y   f o r   w h i c h   l i c e n c e s  have  been  issued  by  the 
p r o v i n c i a l  government. t 



- 19 - 

I f  i n s t e a d   o f   r e l y i n g  on a d i r e c t   s o u r c e   f o r   i n t a k e   w a t e r ,  a firm 

uses a p u b l i c   u t i l i t y   t o   o b t a i n  i t s  i n take   wa te r   t hen  i t  i s  s u b j e c t  

t o   t h e   w a t e r   r a t e s   c h a r g e d   b y   t h e   u t i l i t y .  These ra tes   va ry  

enormously  across  the  province.  According t o  a 1982  survey  of  

m u n i c i p a l   w a t e r   u t i l i t i e s   ( B r i t i s h  Columbia  Water  and Waste 

A s s o c i a t i o n ,   1 9 8 2 )   t h e   m a j o r i t y   o f   u t i l i t i e s   c h a r g e   c o m m e r c i a l  and 

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

. d e c l i n i n g   b l o c k   r a t e   s t r u c t u r e .  The re levance   o f   mun ic ipa l   wa te r  

p r i c i n g   a r r a n g e m e n t s   i s   l i m i t e d   f o r   t h i s   s t u d y ,  however,  as l e s s  

t h a n   f i v e   p e r c e n t   o f   B r i t i s h   C o l u m b i a   m a n u f a c t u r i n g   w a t e r   i n t a k e   i s  

s u p p l i e d   b y   p u b l i c   u t i l i t i e s   ( T a t e  and  Scharf,  1985). 

D .  Summary 

This   chapter  has prov ided some o f   t h e  background  in format ion 

necessary t o  unders tand   an   economet r i c   i nves t i ga t i on   o f   B r i t i sh  

Co lumb ia ' s   i ndus t r i a l   wa te r  demands. The f i rst  sec t ion   rev iewed 

some o f   t h e   r e l e v a n t  economic l i t e r a t u r e  and i n d i c a t e d   t h e  

l i m i t a t q o n s   o f   t h a t  body o f   l i t e r a t u r e .  An i m p o r t a n t   c o n t i n u i n g  

concern was i d e n t i f i e d  as t h e   d e f i n i n g   o f   t h e   p r i c e   o f   w a t e r  and t h e  

c o n s t r u c t i o n   o f   a p p l i e d  models  which  can  overcome  the  potential 

s i m u l t a n e i t y   p r o b l e m s   a s s o c i a t e d   w i t h   u s i n g   b l o c k   r a t e   p r i c e  

s t r u c t u r e s .  The second s e c t i o n   o u t l i n e d   t h e   s i g n i f i c a n t  

i n s t i t u t l o n a l   f e a t u r e s   r e l e v a n t  t o  i n d u s t r i a l   w a t e r  demands. Having 

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

o f   B r i t i s h  Columbia i n d u s t r i a l   w a t e r   u s e  may now be  examined. 

_. . 
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CHAPTER I11 

WATER USE I N  B R I T I S H  COLUMBIA MANUFACTURING 

A .  I n t r o d u c t i o n  

The purpose o f   t h i s   c h a p t e r  i s  t o   d e s c r i b e  how t h e   B r i t i s h  Columbia 

m a n u f a c t u r i n g   i n d u s t r y   u s e d   w a t e r   i n   1 9 8 1 .   S t a t i s t i c s  on water 

i n t a k e ,   t r e a t m e n t ,   r e c i r c u l a t i o n  and  discharge,  broken down by  two 

d i g i t   S t a n d a r d   I n d u s t r i a l   C l a s s i f i c a t i o n  ( S I C )  code will be 

presented. A s  w e l l ,   t h e   s o u r c e s   o f   i n d u s t r i a l   w a t e r  will be 

d i s c u s s e d .   M o s t   o f   t h e   s t a t i s t i c s  on water  use shown i n   t h l s  

chap te r   a re   de r i ved   e i t he r   f rom  Ta te  and  Schar f   (1985)   o r   d i rec t l y  

f r o m   t h e  1981 I n d u s t r i a l  Water Use Survey  data. 

Before  proceeding i t  i s  i m p o r t a n t   t o  make n o t e   o f   t h e   d i f f e r e n c e  

between  water  use  and  water demands. Unfor tunate ly ,   these  te rms  a re  

o f t e n  used  interchangeably i n   t h e   w a t e r  management l i t e r a t u r e   w h i l e  

they  mean t w o   q u i t e   d i f f e r e n t   t h i n g s .  Water  use  describes  the 

p h y s i c a l   q u a n t i t y  o f  water   invo lved i n  a p a r t i c u l a r   p r o c e s s .   F o r  

example, i n  1981 t h e   B r i t i s h  Co lumbia   Pet ro leum  Ref in ing   indus t r ies  

had a t o t a l   ( u n t r e a t e d )   w a t e r   i n t a k e  o f  app rox lma te l y   s i x t y -s i x  

m i l l i o n   c u b i c   m e t r e s .   I n   c o n t r a s t ,   t h e  demand fo r   wa te r   desc r ibes  

t h e  economic r e l a t i o n s h i p  between t h e   p r i c e   o f   w a t e r  and t h e  

q u a n t i t y   o f   w a t e r   d e s i r e d   b y   t h e  firm o r   i n d u s t r y .   T h i s  demand 

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

t o  pay f o r   t h e  use o f   wa te r .   D i scuss ion   o f   t he   t heo ry   and  

e s t i m a t i o n   o f  demand and  va lue  for   water  i s  postponed u n t i l  

.. . 
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subsequent   chapters   whi le   the  current   chapter   examines  on ly   the 

ac tua l   wa te r   use   by   i ndus t r i es   i n   B r i t i sh   Co lumb ia .  

8. I n d u s t r i a l  Water Use 

It 1s. s a f e   t o  say t h a t   e v e r y  company i n   B r i t i s h  Columbia uses 

water.  However t h i s   ' u s e '   c a n   v a r y   f r o m  a few l i t r e s   p e r   y e a r  used 

t o  make c o f f e e   i n   t h e   l a w y e r ' s   o f f i c e   t o   t h e   m i l l i o n s   o f   c u b i c  

metres  used  every  year  by  foundries t o   c o o l   m o l t e n   m e t a l s .  How, 

then,   can   indus t r ia l   water   uses  be c l a s s i f i e d ?   I n d e e d  what I s  meant 

by   ' us ing '   wa te r?  

Water  can  be  used i n   b a s i c a l l y   t h r e e  ways. F i r s t ,  i t  can be removed 

f rom its na tu ra l   sou rce ,  employed t o   p e r f o r m  some f u n c t i o n  and  then 

d ischarged  in to   the   env i ronment  unchanged i n   q u a l i t y   ( i n  terms o f  

ac id i ty ,   tempera ture ,   con ten t   o f   o rgan ic   o r   inorgan ic   was tes ,  

e t c . ) .  An example o f   t h i s   t y p e  o f  water  use i s  the  water  wheel  

which was p laced i n  a r i v e r   i n   o r d e r   t o   h a r n e s s   t h e   f o r c e   o f   f l o w i n g  

w a t e r   t o   d r i v e  a m i l l i n g   o p e r a t i o n .   I n   t h i s   s i m p l e   p r o c e s s ,   w a t e r  

i s  d i v e r t e d   f r o m   t h e   s t r e a m   o n l y   f o r  a few  seconds  and i s  re tu rned 

unchanged t o   t h e  stream. A second  use,  mining,  resembles  the f l rst 

b u t   r e s u l t s   i n  some change t o   t h e   w a t e r ' s   q u a l i t y   w h i l e   n o t   c h a n g i n g  

t h e   q u a n t i t y   a v a i l a b l e   t o   d o w n s t r e a m   u s e r s .  A mine may d i v e r t  a 

r i v e r  and  use t h e   w a t e r   t o  move c o a l   i n   s l u r r y   f o r m   t o   i t s  

p r o c e s s i n g   p l a n t .  Once used,  almost a l l   o f   t h e   w a t e r   i s   r e t u r n e d  

but i n  a deg raded   fo rm.   F ina l l y ,   t he   t h i rd   c lass   o f   use   i nvo l ves  

t h e   c o n s u m p t i o n   o f   a l l  o r  some o f   t h e   d i v e r t e d   w a t e r   s u p p l y .  The 
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amount o f   w a t e r   t h a t  a brewery  d ischarges  f rom i t s  p l a n t  i s  

s u b s t a n t i a l l y   l e s s   t h a n  i t s  wa te r   i n take  ( i t  may a l s o  be  changed i n  

qua l   i t y )   because  water  

Thus, users  downstream 

them  then  they  would i f  

T h i s   c l a s s i f i c a t i o n  

d i f f e r e n t i a t i n g  among 

i s  an   i ng red ien t  

f rom  the  brewery 

the  brewery  were 

o f   wa te r  uses 

t o   t h e   p r o d u c t i o n  o f  beer.  

have l e s s   w a t e r   a v a i l a b l e   t o  

no t   ope ra t i ng .  

i s  v e r y   i m p o r t a n t   f o r  
- .  

firms who would  wi thdraw  water   f rom  the 

env i ronment   fo r   p r iva te   use .   Nuc lear  power genera t i ng   s ta t i ons  

wi thdraw enormous  amounts o f   w a t e r   t o   p r o d u c e   e l e c t r i c i t y   b u t   a l m o s t  

a l l   o f   t h i s   w a t e r  i s  re tu rned   t o   t he   env i ronmen t  unchanged  except 

fo r   poss ib le   t empera tu re   i nc reases .  On t h e   o t h e r  hand, t h e  Food and 

Beverage indus t r y   w i thd raws  a  much smal le r  amount o f   water  

( rep resen t ing   app rox ima te l y   f ou r   pe rcen t  o f  1981 manufactur ing 

wi thdrawals  i n  Canada) b u t  consumes a l a r g e   p o r t i o n   o f  i t s  water 

i n t a k e .  A s  w e l l ,  i f  i t s  d ischarge  water   were   no t   t rea ted ,   the  Food 

and  Beverage i n d u s t r y   w o u l d   r e t u r n   t h e  unconsumed water  i n  a 

s u b s t a n t i a l l y   a l t e r e d   f o r m ,   l e .   w i t h   a n   a l t e r e d   t e m p e r a t u r e  and 

h igher   con ten t   o f   o rgan ic   was tes .   For  a more d e t a i l e d   d i s c u s s i o n  of  

t h e   a l t e r n a t i v e  uses o f   w a t e r  and t h e i r   r e l a t i v e   s i g n i f i c a n c e   f o r  

i d e n t i f y i n g   w a t e r   s h o r t a g e s  and f o r   w a t e r   p l a n n i n g  and management 

the   reader  i s  r e f e r r e d   t o   F o s t e r  and Sewell  (1981) .  

Table 3 .1  shows the   annua l   i n take ,   d i scha rge  and  consumption  ( intake 

minus  d ischarge)   f lows  for   each  indust ry   group.  The l a s t  column 

shows t h e   r a t i o  between  consumption  and  intake. The Non-Meta l l ic  

M ine ra l   P roduc ts   i ndus t r y  3 s  by   f a r   t he   h ighes t   un i t   ' consumer '   o f  
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TABLE 3.1 

I n d u s t r i a l  Water Use i n   B r i t i s h  Columbia 

( m i l l i o n s   o f   c u b i c   m e t r e s   p e r   y e a r )  

R a t i o  o f  
I n d u s t r y  T o t a l  T o t a l  T o t a l  Consumption 
Group I n t a k e  Discharge Consumption t o   I n t a k e  

~~~~ 

T o t a l :   B r i t i s h  Columbia  2181.732 
Food & Beverage 34.649 
Rubber & P las t i c   P roduc ts  .967 
Text i l e  .224 
Wood 62.180 
Paper & A l l i e d   P r o d u c t s  81  7.679 
Primary  Metal  1110.373 
Meta l   Fabr ica t ing   2 .375 
Transportat ion  Equipment  1.557 
Non-Metal l ic   Mineral   Products  5.126 
Petroleum & Coal  Products  66.163 
Chemical & Chemical  Products  80.439 

~ ~~~~~ 

2116.086 
32.769 

.943 

.217 
60.039 

762.631 
1109.940 

2.317 
1.457 
3.578 

62.398 
79.808 

65.646 
1.880 
0.035 
0.007 
1.036 

55.048 
0.433 
0.058 
0.100 
1.548 
3.765 
0.631 

.030 

.055 
,037 
.032 
.017 
.068 
,001 
.065 
.065 
.302 
.057 
.008 

w a t e r .   I n   c o n t r a s t ,   t h e   l a r g e s t   w a t e r   u s e r ,   t h e   P r i m a r y   M e t a l s  

i n d u s t r y ,  consumes a lmost   no  water   (one- tenth  o f  one p e r c e n t   o f  

wa te r   i n take ) .  

the  development 

Another way t o  

w a t e r   p l a y s   i n  

down i n t o   t h e  

An awareness o f  t h e s e   d i f f e r e n c e s  i s  e s s e n t i a l   f o r  

o f   w a t e r  management p o l i c t e s .  

c o n s i d e r   i n d u s t r i a l   w a t e r  use i s  t o  examine t h e   r o l e  

the   p roduc t ion   p rocess . '   Water   in take  may be  broken 

amounts  withdrawn fo r   coo l i ng ,   condens ing  and  steam 

genera t i on ,   p rocess ,   san i ta t i on  and o ther .  The f i r s t  category o f  

w a t e r   i n t a k e   r e f e r s   t o   w a t e r   u s e   f o r   t h e   p r o d u c t i o n  o f  steam. 

Process  water i s  w a t e r   t h a t  comes i n   c o n t a c t   w i t h  a n   i n t e r m e d i a t e   o r  

f i n a l   p r o d u c t   o f   t h e   m a n u f a c t u r i n g   p r o c e s s .   S a n i t a t i o n   i s  

' These d e f i n i t i o n s   a r e  drawn  from  Tate  and  Scharf  (1985). 

. .  '. . . .  
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self-explanatory. Other water uses include watering lawns and 

filling ornamental pools. 

Table  3.2 provides a breakdown of water intake by purpose for 

British Columbia manufacturing. Several interesting features emerge 

from t h i s  table. First, more than 95 percent of total water intake 

is concentrated in four industry groups: Primary Metals,  Chemicals, 

Paper and Allied Products., and Petroleum and Coal Products. These 

are the 'big four' manufacturing water users.  Second, most water 

intake is used for cooling, condensing and steam generation. If the 

Paper and Allied group is excluded, then 93 percent of British 

Columbia manufacturing water intake is used for that purpose. 

TABLE  3.2 

Water Intake by Purpose in British Columbia 

Industry 
Group 

(millions of cubic metres per year) 

Total Cool i ng 
Water Condensing Sanitary 
Intake Processing & Steam  Service Other 

Total: British Columbia 2181.498 732.800 1399.567 46.563 2.568 
Food & Beverage 34.613 10.817 20.002 2.836 .958 
Rubber & Plastic Products .953 ,214 . .691 .045 .003 
Texti 1 e -224 ,117 .098 .009 0.000 
Wood 62.121 18.041 40.033 3.812 .236 
Paper & Allied Products 817.671 682.172 126.857 8.175 .467 
Primary Metal 1110.363 2.597 1077.299 30.466 0.000 
Metal Fabri cat i ng 2.370 1.131 1.071 .168 0.000 
Transportation Equipment 1.542 .385 .400 ,344 .413 
Non-Metallic Mineral Products 5.080 1.843 2.905 .258 .074 
Petroleum & Coal Products 66.163 2.568 62.942 .245 -408 
Chemical & Chemical Products 80.397 12.916 67.270 ,202 .009 

Source: Tate and Scharf,  (1985), Volume I, table 1.08 
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Having  seen how wa te r   en te rs   t he   p roduc t i on   p rocess   f o r   B r i t i sh  

Columbla  manufactur ing, .   the manner- i n  wh ich   t hese   i ndus t r i es  use 

water may be i l l u s t r a t e d .   A f t e r   u s i n g   w a t e r  once  (eg. f o r   c o o l i n g ) ,  

t h e  firm must  decide  whether t o  wi thdraw more water   f rom  the  

environment and d isc .harge  (and  poss ib ly   p re t rea t )   the  used  water  or, 

i n s t e a d ,   t o   r e c i r c u l a t e   ( a n d   p o s s i b l y   t r e a t )   t h e  once  used  water and 

reuse it. The d e c i s i o n  will depend  on t h e   n a t u r e  o f  t h e   p r o d u c t i o n  

process and  on t h e   r e l a t i v e   c o s t s  o f  each  opt ion.   Table 3 . 3  

p r o v i d e s   i n f o r m a t i o n  on how water i s  used i n   B r i t i s h  Columbia 

m a n u f a c t u r i n g   i n d u s t r i e s .  

Table 3 . 3  i n d i c a t e s   t h a t   t h e   ' b i g   f o u r '   w a t e r   u s e r s   a r e   a l s o   t h e  

TABLE  3.3 

Water  Use by Industrial  Group in British  Colunbia 

Industry 
Group 

(mill  ions of cubic  metres  per  year) 

Total  Total  Gross  Total 
Total Treated Recycled Water Total  Treated 
Intake Intake Water Use Di scharge  Discharge 

Total : British Colmbia 
Food 8 Beverage 
Rubber 8 Plastic  Products 
Textile 
wood 
Paper 8 Allied  Products 
Primary  Metal 
Metal  Fabricating 
Transportation  Equipment 
Non-Metal 1 ic Mineral  Products 
Petroleum 8 Coal  Products 
Chemical 8 Chemical  Products 

2181.732 
34.649 
.967 
.224 

62.180 
817.679 
1110.373 

2.375 
1.557 
5.126 
66.163 
80.439 

307 1 .645 
19.188 
.lo2 
.098 

32.320 
836.862 
2020.252 

.lo4 

. l o 8  
2.050 
68.678 
91.883 

3689.803 
8.931 

556.057 
.048 

52.721 
1541.014 
388.665 
2.548 
.o43 

3.929 
115.077 
20.771 

4871.535 
43.579 
557.024 

.272 
114.901 
2358.693 
1499.038 

4.923 
1.600 
9.055 

181.240 
101.210 

2116.086 
32.769 
.943 
.217 

60.039 
762.631 
1109.940 

2.317 
1.457 
3.578 
62.398 
79.808 

651.520 
12.342 
.032 
.OS2 

5.263 
557.041 
30.710 
1.186 
.028 
.219 

29.428 
15.220 

Source:  Tate  and  Scharf,  (19851,  Volume  I,  table  1.03 
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i n d u s t r i e s   w h i c h   t r e a t   t h e   l a r g e s t   q u a n t i t y   o f   w a t e r   ( r e l a t i v e   t o  

i n t a k e  and d i s c h a r g e ) .   I n   a d d i t i o n   t h e   i n d u s t r i e s   w h i c h   r e c y c l e  

w a t e r   m o s t   w i t h i n   t h e   p r o d u c t i o n   p r o c e s s   ( r e l a t i v e   t o   i n t a k e )   a r e  

Wood, Paper,  Metals and Chemicals ( t h e   f i g u r e   f o r   t h e  Rubber  and 

P l a s t i c   I n d u s t r y ' s   r e c y c l e d   w a t e r  i s  a l m o s t   c e r t a i n l y   i n a c c u r a t e   a s  

i t  suggests   tha t   indus t ry   recyc les   water  500 t imes) .  A s i g n i f i c a n t  

f e a t u r e   o f   t h i s   t a b l e ,   t h e n ,  i s  t h e   v a r i a b l i t y   o f   w a t e r   u s e   a c r o s s  

i n d u s t r i e s   i n   B r i t i s h  Columbia. 

We now have a f a i r l y  good p i c t u r e   o f  how t h e   B r i t i s h  Columbia 

manufactur ing  indust ry   uses  water .   But   where does t h i s   w a t e r  come 

from?  Table 3 . 4  breaks down wa te r   i n take   by   sou rce   f o r   f resh   wa te r  

and brack ish   water .  

TABLE 3.4 

Water Intake by Source in British  Columbia 

Industry 
Group 

(millions of cubic metres per  year) 
* FRESH WATER ------*  *-- BRACKISH WATER -* 
Pub1 ic Self-Suppl ied Other Self-Suppl ied  Other 

Total Surface Ground Ground Tide 

Total : British Columbia  2181.498 
Food 8 Beverage  34.613 
Rubber 8 Plastic Products  .953 
Textile .224 
Wood 62.121 
Paper 8 Allied  Products  817.671 
Primary Metal  1110.363 
Metal Fabricating 2.370 
Transportation Equipment 1.542 
Non-tktallic  Mineral Products 5.080 
Petroleum 8 C o a l  Products 66.163 
Chemical 8 Chemical Products 80.397 

54.989 
19.476 
.902 
.178 

11.514 
1.216 
.768 

2.360 
1.448 
1.801 
4.763 
10.563 

2025.525 
8.529 
.046 
.018 

20.562 
791.584 

1 109.594 
.010 
.094 

2.916 
61.401 
30.771 

27.012 
.983 
.005 
.028 
.722 

24.871 
.Ooo 
.Ooo 
.Ooo 
.364 
.Ooo 
.037 

.678 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.678 

.219 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.om 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.Ooo 

.219 

72.996 
5.625 
.Ooo 
.Ooo 

29.322 
.Ooo 
.Ooo 
.Ooo 
.Ooo 
.Ooo 
.Ooo 

38.049 

.079 

.Ooo 

.Ooo 

.Ooo 

.ow) 

.ooo 

.Ooo 

.Ooo 

.ooo 

.Ooo 

.Ooo 

.079 

Source: Tate and Scharf,  (19851,  Volume  I,  table 1.11 
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One f e a t u r e   o f   T a b l e  3 . 4  i s  immediately  apparent.   Most  f i rms i n  

B r i t i s h  Columbia  manufactur ing  are s e l f  suppl ied.   For a l l   o f  

B r i t i s h  Co lumbia   manufac tur ing ,   se l f   supp l ied   ( f resh  and b r a c k i s h )  

water   represents  97 p e r c e n t   o f   t o t a l   w a t e r   i n t a k e .   F o r   t h e   ' b i g  

f o u r '   i n d u s t r i e s   ( P r i m a r y   M e t a l s ,  Paper  and A l l i e d   P r o d u c t s ,  

Petroleum  Products  and  Chemical   Products)  the  f igure i s  99 percent .  

These s t a t i s t i c s   a r e   v e r y   i m p o r t a n t   f o r  managers o f  B r i t i s h  

Columbia's  water  resources. They i n d i c a t e   t h a t   t h e  Water  Act  and 

i t s  a t t e n d a n t   r e g u l a t i o n s  and ren ta l   fees   must   be   the   too l   used  fo r  

regu la t i ng   wa te r   use .   Mun ic ipa l   wa te r   ra tes ,   wh i l e   po ten t i a l l y  

s i g n i f i c a n t   f o r   r e g u l a t i n g   u r b a n   d o m e s t i c  and  commercial  water 

demands, a r e   a l m o s t   i r r e l e v a n t   t o   B r i t i s h   C o l u m b i a ' s   i n d u s t r i a l  

water  demands w i t h   t h e   p o s s i b l e   e x c e p t i o n s   o f   t h e  Food and  Beverage, 

M e t a l   F a b r i c a t i n g  and Transpor ta t ion   Equ ipment   indus t r ies .  These 

l a t t e r   i n d u s t r y   g r o u p s   a r e   c h a r a c t e r i z e d   b y   r e l a t i v e l y   s m a l l  f i r m s  

i n  u rban   cen t res   wh ich   re l y  on p u b l i c   u t i l i t i e s   f o r   i n t a k e   w a t e r .  

The s i g n i f i c a n c e   o f   t h e   p r e c e d i n g   i n f o r m a t i o n  i s  re in fo rced  by   an  

examinat ion   o f   Tab le  3 . 5 .  Jus t  as  most B r i t i s h  Columbia 

m a n u f a c t u r e r s   a r e   s e l f   s u p p l i e d   f o r   t h e i r   w a t e r   w i t h d r a w a l s   t h e y  

a l s o   r e l y  on p o i n t s   o t h e r   t h a n   p u b l i c  sewers t o   d i s c h a r g e   t h e i r  

water.  Only 3 p e r c e n t   o f   a l l   i n d u s t r i a l   w a t e r   d i s c h a r g e s   a r e   i n t o  a 

p u b l i c  sewer  system. The i n d u s t r i e s   r e l y i n g  on p u b l i c  sewer  systems 

a r e   t h o s e   w h i c h   a r e   p r i m a r i l y   l o c a t e d  i n  l a rge   u rban   cen t res .  

Table 3.6 d e t a i l s   w a t e r   u s e   i n   B r i t i s h  Columbia  manufacturing 

. .. 
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TABLE 3.5 

Water  Discharge  by  Discharge  Point i n   B r i t i s h  Col umb i a 

( m i l l i o n s   o f   c u b i c   m e t r e s   p e r   y e a r )  

I n d u s t r y  
Group 

Trans- 
Pub l ic   F reshwater   T idewater   fe r   red  

T o t a l  Sewer Body Body Ground Other 

T o t a l :   B r i t i s h   C o l u m b i a  2115.904 56.651  460.018 
Food & Beverage  32.734 13.329  9.322 
Rubber & P l a s t i c   P r o d u c t s  .918 .E48 .052 
T e x t i l e   - 2 1  7 .154  .064 
Wood 59.989 1.881'  27.986 
Paper & A l l i e d   P r o d u c t s  762.623 3.664  229.581 
Primary  Metal  1109.930 30.189  100.297 
M e t a l   F a b r i c a t i n g  2.312 .775  1.168 
Transportat ion  Equipment  1.442 .576  .262 
Non-Meta l l i c   M inera l   Produc ts  3.565 .342  2.575 
Petro leum & Coal  Products  62.398 2.593  58.797 
Chemical & Chemical  Products  79.775 2.302  29.913 

1581 .E10 17.385 
9.105 .971 

.ooo ,018 

.ooo ,000 
29.069 1 ,020 

517.533 11 .E45 
979.190 .254 

.ooo .368 

.593 .011 

.046 .603 

.997 .012 
45.279 2.281 

.040 

.006 

.ooo 

.ooo 

.033 
,000 
,000 
,001 
.ooo 
. 000 
,000 
.ooo 

Source:  Tate and Scharf ,   (1985),  Volume I ,  t a b l e   1 . 2 0  

i n d u s t r i e s   r e l a t i v e   t o  number o f  employees  and t o   v a l u e   o f   o u t p u t .  

These s tandard i zed   f i gu res   a l l ow   mean ing fu l   compar i sons   ac ross  

i n d u s t r i e s   w h i c h   t a k e   i n t o   a c c o u n t   d i f f e r e n c e s  i n  s c a l e  among 

i n d u s t r i e s .  

T a b l e   3 . 6   i n d i c a t e s   t h a t   t h e r e   i s  enormous v a r i a b i l i t y   i n   w a t e r  

i n t a k e   p e r  employee  and  per d o l l a r   o f   o u t p u t  among B r i t i s h  Columbia 

i n d u s t r i a l   w a . t e r   u s e r s .   I n t e r e s t i n g l y ,   t h e   ' b i g   f o u r '   w a t e r   u s e r s  

a re   a lso   the   h ighes t   water   users   per   employee and p e r   d o l l a r   o f  

ou tpu t .  

: . . . .  , ,__ . .. .. " . . 
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TABLE 3.6 

Water Use R e l a t i v e   t o  Employment  and Output i n   B r i t i s h  Columbia 

I n d u s t r y  
Group 

I n t a k e /  
Number o f   V a l u e   o f   I n t a k e /   V a l u e   o f  
Employees1  Output2  Employees3  Output4 

T o t a l :   B r i t i s h  Columbia 
Food & Beverage 
Rubber & P l a s t i c  & T e x t i l e s  
Wood 
Paper & A l l i e d   P r o d u c t s  
P r  i ma r y  Meta 1 
M e t a l   F a b r i c a t i n g  
Transpor tat ion  Equipment  
Non-Meta l l ic   Minera l   Products  
Petroleum & Coal  Products 
Chemical & Chemical  Products 

76200 
13800 

1274 
23980 
15652 

6927 
6027 
1929 
3001 
1480 
21 28 

8856.2 
1690.2 

77.1 
2131 .O 
2197 .O 

624.5 
505.3 
93.7 

312.5 
1620.1 

347.1 

28.7 
2.6 
1 .o 
2.6 

52.3 
160.3 

0.4 
0.8 
2.0 

45.1 
38.0 

0.2464 
0.0205 
0.01 52 
0.0290 
0.3722 
1  .7781 
0.0047 
0.0167 
0.0170 
0.041  1 
0.2324 

NOTES: 

1. Source:  Tate  and  Scharf,  (1985), Volume I, t a b l e  1.03 . 
2. Computed by f i n d i n g   t h e   r a t i o   o f   T o t a l  Employees, ( f o r  

respondents t o   t h e   I n d u s t r i a l  Water Use Survey) t o   T o t a l  
Employees, a l l   o f   B r i t i s h  Columbia  (Source: S t a t i s t i c s  Canada, 
SC 31-203,  1981)  and m u l t i p l y i n g   t h i s   r a t i o  by Total   Value  of  
O u t p u t ,   B r i t i s h   C o l u m b i a   M a n u f a c t u r i n g   ( S o u r c e :   S t a t i s t i c s  
Canada, SC 31-203,  1981).  Measured i n   m i l l i o n s   o f   d o l l a r s .  

3.  Measured in- thousand  cubic   metres  per   employee.  
4. Measured i n   c u b i c   m e t r e s   p e r   d o l l a r   o f   o u t p u t .  

C . Summary 

Th is   ch  ap te r   h  as p rov ided some s t a t i  s t i c s  on how B r i t i s h  C o lumbia 

i n d u s t r y  uses  water. It was shown t h a t  most f i r m s  a r e   s e l f  

suppl ied,   most  water  wi thdrawn i s  used f o r   c o o l i n g   p u r p o s e s  and t h a t  

water  use i s  concentrated i n   f o u r   i n d u s t r i e s .  
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The s t a t i s t i c s   r e p o r t e d   w o u l d   s u g g e s t   t h a t   f u t u r e   w a t e r  demand 

s t u d i e s  may p r o f i t a b l y   b e   c o n c e n t r a t e d  on t h e   ' b i g   f o u r '   w a t e r   u s i n g  

i n d u s t r i e s .   I n   t h e   d i s c u s s i o n s  on t h e   e m p i r i c a l   r e s u l t s   t h a t   f o l l o w  

an   a t tempt  i s  made e m p h a s i z e   t h e i r   s i g n i f i c a n c e   f o r   t h e s e   f o u r  

i n d u s t r i e s .  
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CHAPTER IV 

DATA AND ESTIMATION METHODS 

A .  I n t r o d u c t i o n  

This  chapter will d e t a i l   t h e   n a t u r e   o f   t h e   d a t a   s e t  and t h e  

methodologies  used i n   t h e   e s t i m a t i o n   o f   i n t a k e   w a t e r  demand 

e q u a t i o n s   f o r   B r i t i s h  Columbia  manufacturing. As  w e l l ,   t h e   b a s i c  

economic t h e o r y   u n d e r l y i n g   t h e  model f o rma t ion  will be  discussed. 

Readers a l r e a d y   f a m i l i a r   w i t h   t h e   p r i n c i p l e s   o f   t h e  economic t h e o r y  

o f   d e r i v e d  demand and w i t h   t h e   t e c h n i q u e s   o f  OLS e s t i m a t i o n  may 

proceed  immediately to   t he   nex t   two   chap te rs   wh ich   repo r t  on t h e  

e s t i m a t i o n   r e s u l t s .  

B .  Data 

I n  1981  Environment Canada, i n   c o n j u n c t i o n   w i t h   S t a t i s t i c s  Canada, 

c a r r i e d   o u t   t h e   I n d u s t r i a l  Water Use Survey.  Quest ionnaires  were 

sen t   t o   a lmos t  5,000 manufactur ing f i r m s  r e q u e s t i n g   d e t a i l e d  

i n f o r m a t i o n  on t h e i r  uses o f  and expendi tures on water . 
Environment Canada received  approx imate ly  3,300 responses  from a l l  

over Canada and these  were  coded i n t o  a computer f i l e .   F o r   t h i s  

1 

s tudy   on ly   the   se t   o f   responses   f rom  the   Br i t i sh   Co lumbia  

manufacturing  sector  were  used.  Table 4 .1  prov ides  a breakdown o f  

The I n d u s t r i a l  Water Use Survey  sent  quest ionnaires t o   n o t   o n l y   t h e  
m a n u f a c t u r i n g ' i n d u s t r y   b u t   a l s o   t h e   m i n i n g   i n d u s t r y  and t o  f i r m s  and 
u t i l i t i e s   i n v o l v e d   i n  power genera t ion   by   e i ther   thermal   o r   hydro  
e l e c t r i c  means. We r e p o r t  on o u r   s t u d y   r e s u l t s   f o r   t h e   W i n i n g "  
d a t a   s e t   i n  Appendix A .  

... 
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t h e  372 responses  f rom  Br i t ish  Columbia by two d i g i t  S I C  code l e v e l  

i n d u s t r y .  The e m p i r i c a l   r e s u l t s   r e p o r t e d   i n   t h i s   p a p e r  will be 

presented   us ing   the  same i n d u s t r y  breakdown  as  seen i n  Table 4.1. 

TABLE 4.1 

Number o f   Observa t ions  by Indus t r y   f rom  B r i t i sh   Co lumb ia  
Na t iona l  Water Use Survey 

S I C  I n d u s t r y  Group Number o f   Observa t ions  

3 1  
36 
35 
32 
30 
29 
27 
25 
18 
16 
10 

Chemicals  and  Chemical  Products 
Petroleum and  Coal  Products 
Minera l   Products  
Transpor tat ion  Equipment  
M e t a l   F a b r i c a t i n g  
Pr imary  Meta ls  
Paper  .and - A l l i e d   P r o d u c t s  
Wood Products 28 
Text i l e s  1 
Rubber  and P l a s t i c s )  
Food and  Beverages 

40 
1 

51 
13 
18 
9 

76 

30 
- 100 

TOTAL 3 1  2 

NOTES: 

1 .  The T e x t i l e s  and  Rubber  and P l a s t i c s   i n d u s t r i e s  will be combined 
and t r e a t e d  as a s i n g l e   i n d u s t r y  due t o   t h e   r e l a t i v e l y   s m a l l  
number ( 4 )  o f   obse rva t i ons  on t h e   T e x t i l e   i n d u s t r y .  

The I n d u s t r i a l  Water Us.e Survey  contatned  quest ions  regard ing  the 

q u a n t i t i e s  and expend i tu res  on water   in take ,   t rea tment ,  

r e c i r c u l a t i o n  and d ischarge.  A s  w e l l   t h e   s u r v e y   i d e n t i f i e s   t h e  

source   o f   in take   water  and t h e   p o i n t   o f   d i s c h a r g e   f o r   d i s c h a r g e  

water.  These f i g u r e s   a r e   i m p o r t a n t   f o r   d e t e r m i n i n g   w a t e r   r e n t a l  

cos ts  based  on p r o v i n c i a l  and m u n l c i p a l   l i c e n s i n g   r e g u l a t i o n s .  The 
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. .  

su rvey   a lso   asks   fo r  employment  data  and  informat ion  regarding  the 

firm's product  and produc t ion   p rocess .  

I n   a d d i t i o n   t o   t h e   I n d u s t r i a l  Water Use Survey   there   a re   two  o ther  

s o u r c e s   o f   w a t e r   c o s t   d a t a .   F i r s t ,   t h e   p r o v i n c i a l   M i n i s t r y   o f  

Envi ronment   suppl ied  in format ion on w a t e r   r e n t a l  - fees  and  water 

l i c e n c e   f e e s   f o r  firms w i t h   p r i v a t e   i n t a k e   s o u r c e s .  The B r i t i s h  

Columbia  Water  and Waste  Water Assoc ia t ion   (1984)   p rov ided  de ta i led  

i n f o r m a t i o n  on m u n i c i p a l   w a t e r   r a t e   s t r u c t u r e s   t h r o u g h o u t   B r i t i s h  

Columbia. These two  sources  were  valuable  as  they  a l lowed  intake 

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

firms w h i c h   d i d   n o t   s u p p l y   t h a t   i n f o r m a t i o n .   F i n a l l y ,   S t a t i s t i c s  

Canada pub l i ca t i ons   supp l i ed   da ta  on t h e   v a l u e  o f  o u t p u t   f o r   B r i t i s h  

Columbia  manufactur ing  industr ies  and  on  expendi tures  for   non-water 

i n p u t s .  The var ious  data  sources  descr ibed  here  prov ide  an 

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

B r i t i s h  Columbia. None of   the  research  works  d iscussed i n   t h e  

l i t e r a t u r e   r e v i e w   o f   C h a p t e r  I1 were  based  on  as  comprehensive  and 

d e t a i l e d  a data  base as used i n   t h e   p r e s e n t   s t u d y .  

C.  Economic Theory o f  Demand 

I n   t h i s   s e c t i o n   t h e   b a s i c  economic t h e o r y   w h i c h   u n d e r l i e s   t h i s  

s tudy ' s   mode l i ng   o f   i ndus t r i a l   wa te r   use  and the  econometric  methods 

employed to   charac ter ize   water   use   techno logy   a re   d iscussed.   Th is  

s e c t i o n  will i n t r o d u c e  and def ine  severa l   impor tant   economic 

concepts .   More   de ta i led   d iscuss ions   o f   these  concepts   and  o f   the  
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r e l a t e d  economic theory  can be found i n   R u s s e l l  and Wi lk inson  (1979)  

and Var ian  (1981).  

A bas ic   concep tua l   t oo l  used i n   t h e  economic t h e o r y   o f   t h e  firm i s  

t h e   p r o d u c t i o n   f u n c t i o n .   T h i s  i s  a f u n c t i o n a l   s t a t e m e n t   r e l a t i n g  

t h e   l e v e l s   o f   v a r i o u s   i n p u t s   t o   t h e  maximum ou tpu t  a firm can 

produce. I n   e q u a t i o n  (1), X1, , Xn denote  the n i n p u t s  used 

( f o r  example, t h e   i n p u t s   c o u l d  be   l abour ,   cap i ta l ,   i n te rmed ia te  

m a t e r i a l s  and water and i n   t h i s  case n = 4 )  and Q i s  t h e  maximal 

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

Equat ion (1) i m p l i c i t l y   d e f i n e s   t h e   f o r m   o f   t e c h n o l o g y  used  by t h e  

firm. The s p e c i f i c   f o r m  chosen t o   d e p i c t   t h e   f u n c t i o n   i n d i c a t e s   t h e  

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

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

q u a n t i t i e s   o f   o u t p u t .  A s  a r e s u l t  i t  i s  a desc r ip t i on   o f   wha t  i s  

t e c h n o l o g i c a l l y   f e a s i b l e .   I n   o r d e r   t o   d e t e r m i n e   w h a t  i s  

economica l l y   op t ima l   f o r   t he  firm t o  do,  however, t h e   p r i c e s   o f   t h e  

i n p u t s  and ou tpu ts  must  be  considered. 

Pr ices  are  of   paramount  importance t o ,   t h e  economic  modeling  of 

dec is ion  making.  To the   purchaser   o f  a p r o d u c t i v e   i n p u t ,   t h e   p r i c e  

. . , .  . . .. 
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i n d i c a t e s   t h a t   t h e   i n p u t  i s  a scarce one  and t h a t  i t  has a l t e r n a t i v e  

uses.  Thus,  the  purpose o f  charg ing a p r i c e  f o r  an i n p u t  i s  t o  

f o r c e  the  firm t o  ' i n t e r n a l i z e '   t h e   f a c t   t h a t  i t  i s  d e p r i v i n g  

another firm o f   t h e  use o f   t h a t   i n p u t .  I f  an i n p u t  has ze ro   p r i ce  

( l i k e  much o f  Canadian  water)   then  the firm will perce ive  no ' 

shortage and will overuse  the  input .  

I n c l u d i n g   p r i c e s   i n t o   t h e  model o f  t h e  firm a l l o w s   f o r  a much r i c h e r  

p i c t u r e  o f  i n d u s t r i a l   d e c i s i o n   m a k i n g .  When choos ing   the  

a p p r o p r i a t e   i n p u t  ' m i x '  t o  produce a c e r t a i n   o u t p u t .   t h e  firm must 

'now  consider  the  technology  confront ing i t  and a l s o   t h e   r e l a t i v e  

c o s t s  o f  t h e -   a v a i l a b l e   i n p u t s .  A central   assumption  employed i n  

model ing  the f i r m ' s  decis ion-making I s  t h a t   o f   c o s t - m i n i m i z i n g  

behaviour.   For a g i ven   l eve l   o f   p lanned   ou tpu t ,  a g i v e n   t y p e   o f  

technology and  a g iven  se t  o f  i n p u t  and ou tpu t   p r i ces ,  f i r m s  are 
assumed t o  choose t h e i r   i n p u t  m i x  so as t o  m i n i m i z e   t h e   c o s t   o f  

p roduc ing   the   p lanned  leve l   o f   ou tpu t .   Th is   assumpt ion  i s  more 

powerfu l   than i t  would seem f o r  i t  d i r e c t l y   i m p l i e s   t h e   e x i s t e n c e   o f  

i n p u t  demand equa t ions   ( c f .   Russe l l  and  Wilkinson,  1981,  Chapter  9). 

An i n p u t  demand f u n c t i o n   r e l a t e s   t h e   d e s i r e d   q u a n t i t y   o f  a 

p a r t i c u l a r   i n p u t   ( e g .   s k i l l e d   l a b o u r )   t o   t h e   f o l l o w i n g  economic 

va r iab les :   t he   l eve l   o f   ou tpu t   p lanned   by   t he  firm, the p r i c e   o f  

t h e   i n p u t  and t h e   p r i c e s   o f   a l l   o f   t h e   o t h e r   i n p u t s  employed  by the 

firm. Thus, when an  economist  speaks o f   t h e  f i r m ' s  demand f o r  

water,  he/she i s  t a l k i n g   a b o u t  a f u n c t i o n a l   r e l a t i o n s h i p   b e t w e e n  the 
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f i r m ' s  des i red   l eve l   o f   wa te r   use  and t h e  f i r m ' s  ou tpu t  and t h e  

i n p u t   p r i c e s  i t  faces .   Mathemat ica l l y ,  a demand equat ion i s  

. dep ic ted   someth ing   l i ke   equa t ion  ( 2 )  where Xi i s  t h e   d e s i r e d   l e v e l  

o f   t h e  ith i n p u t ,  Q i s  t h e   o u t p u t   l e v e l  o f  t h e  firm and P1 Pn 

a r e   t h e   i n p u t   p r i c e s   f a c i n g   t h e  firm: 

The economic t h e o r y   o f   t h e  f i r m ' s  demand fo r   i npu ts   sugges ts   t ha t  

t h e  demand e q u a t i o n   s h o u l d   s a t i s f y   c e r t a i n   c h a r a c t e r i s t i c s .  F i r s t ,  

t h e   q u a n t i t y  demanded should  be a d e c r e a s i n g   f u n c t i o n   o f   t h e   p r i c e  

o f   t h e   i n p u t  and  an   inc reas ing   func t ion   o f   the  firm's l e v e l   o f  

ou tpu t .  Second, t h e  demand equat ion is assumed t o  be 'homogeneous 

o f  degree  zero' i n   p r i c e s .   T h i s  means t h a t  i f  a l l   t h e   i n p u t   p r i c e s  

doub le ,   t he   op t ima l   quan t i t y   o f   each   i npu t  will n o t  change ( s i n c e  

r e l a t i v e   i n p u t   c o s t s  have  not  changed).  These  assumptions  can be 

tes ted   us ing   t he   es t ima ted  demand equat ions.  I f  a firm uses  more 

than one i n p u t   t h e n  i t  must   s imul taneously   choose  the  opt imal   leve ls  

o f  each i n p u t .  A firm then  opt imizes  over  a system o f   i n t e r r e l a t e d  

demand equat ions,  one equat ion  f o r  each i n p u t .  

An a c c u r a t e   p i c t u r e   o f   t h e   f o r m  o f  a f i r m ' s  i n p u t  demand equat ions 

i s  ob ta ined   t h rough   s ta t i s t i ca l   es t ima t ion .   Th i s   p rocedure   requ i res  

c o l l e c t i n g   d a t a  on t h e   r e l e v a n t  economic var iab les ,   choos ing  an 

e s t i m a t a b l e   f u n c t i o n a l   f o r m   f o r   t h e  demand equat ion  and  then 

s t a t i s t i c a l l y   e s t i m a t i n g   t h e   v a l u e s   o f   t h e  unknown parameters o f  t h e  

. " . . .  , .  
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demand equat ion.  The d e t a i l s  o f  t h i s   p r o c e d u r e   a r e   d i s c u s s e d   i n  

Sec t ion  D o f  t h i s   c h a p t e r .  Once the  demand equation  parameters  have 

been  es t imated   severa l   impor tan t   economic   s ta t i s t i cs   can  be 

computed. These i n c l u d e  each i n p u t ' s   ' p r i c e   e l a s t i c i t y ' ,   ' o u t p u t  

I 
'I 
1 e l a s t i c i t y '  and t h e   c r o s s - e l a s t i c i t i e s  between  each p a i r   o f   i n p u t s .  

The concept o f  e l a s t i c i t y  i s  perhaps  the m o s t  i m p o r t a n t   s t a t i s t i c  

generated  by  appl ied  economic  work.   Simply  put ,   the  e last ic i ty  of  X 

w i t h   r e s p e c t   t o  Y i s  measured  by the  percentage  change i n  X when Y 

changes  by one per   cent  . Thus, t h e  own p r i c e   e l a s t i c i t y   o f   w a t e r  

i n t a k e  demand i s  equal t o   t he   pe rcen tage  change i n   t h e  f i r m ' s  

2 

o p t i m a l   l e v e l   o f   w a t e r   i n t a k e  when t h e   p r i c e  o f  in take   water  changes 

by one per   cen t .  I f  water  use  changes  by  less  than one per   cen t  as 

a r e s u l t  o f  a  one p e r   c e n t   p r i c e  change, demand i s  s a i d   t o  be 

' i n e l a s t i c ' .  The converse  case  (a one p e r   c e n t   p r i c e  change 

induc ing  a g rea ter   than one per  cent  use  change) i s  denoted  as  an 

' e l a s t i c '  demand. F i n a l l y ,  i f  a p e r   c e n t   p r i c e  change  leads t o  an 

equal  per  cent  use  change  then demand has ' u n i t a r y '   e l a s t i c i t y .  The 

d e f i n i t i o n  o f  an i n p u t ' s  own o u t p u t   e l a s t i c i t y  i s  analogous t o  i t s  

own p r i c e   e l a s t i c i t y ;  i t  represents  the  percentage  change i n   t h e  use 

o f  a p a r t i c u l a r   i n p u t   r e s u l t i n g   f r 0 m . a  one percentage  change i n   t h e  

l eve l   o f   p lanned   ou tpu t .  Thus, i f  i t  were  found t h a t   t h e   o u t p u t  

e l a s t i c i t y   o f   i n t a k e   w a t e r  was 0.95 t h e n   t h i s   c o u l d  be i n t e r p r e t e d  

This  i s  an  approximate  formula.  More a c c u r a t e l y ,   t h e   e l a s t i c i t y   o f  
X t o  Y (denoted  Exy) i s  g iven  by:  

( 3 )  Exy = dx * Y 
dY x 
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as  meaning t h a t  a one p e r   c e n t   g r o w t h   i n   t h e   o u t p u t   l e v e l  o f  t h e  

firm w o u l d   e n t a i l  a 0.95  p e r   c e n t   i n c r e a s e   i n   t h e  f i r m ' s  w a t e r  

1 ntake. 

Another  set  o f  impor tan t  economic s t a t i s t i c s   w h i c h  can be computed 

f r o m  the   es t ima ted  demand equat ion  parameters  are  the 

c ross -e las t i c i t i es   be tween   i npu ts .   Th i s   re la tes   t he   pe rcen tage  

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

t h e   p r i c e  o f  i n p u t  j, ho ld ing   . t he   l eve l   o f   ou tpu t   cons tan t .  I f  t h e  

c r o s s   e l a s t i c i t y  i s  l e s s  than  zero ,   th is   ind ica tes   complementar i t y  

i n   t h e  use o f   i n p u t s  i and j. A l t e r n a t i v e l y ,  a va lue   g rea ter   than 

zero shows t h a t   t h e   i n p u t s   a r e   s u b s t i t u t e s  i n  the  product ion  process 

and a va lue   o f   zero   ind ica tes  no s u b s t i t u t i o n   p o s s i b i l i t y  between 

the   two  inpu ts .  The c r o s s - e l a s t i c i t y  i s  an impor tan t  economic 

s t a t i s t i c  because i t  shows how i n p u t s   a r e   r e l a t e d  and i t  measures 

t h e  ease w i t h   w h i c h   r e l a t i v e l y   i n e x p e n s i v e   i n p u t s  may be s u b s t i t u t e d  

f o r   r e l a t i v e l y   s c a r c e  and expensive  resources. 

Be fo re   p roceed ing   t o  a d iscuss ion  o f  the   es t imat ion   p rocedures  used 

i n   t h i s   s t u d y  t w o  techn ica l   i ssues  o f  economic theory  should  be 

mentioned. They both  invo lve  assumpt ions.   regard ing  the  product ion 

s t r u c t u r e s   o f   t h e  f i r m s  u n d e r   s t u d y   w h i c h   a r e   i m p l i c i t   t o   t h e  

e s t i m a t i o n  methods  used  here. The f irst assumption  concerns 

aggregat ion.  Thus f a r  we .have d i scussed   these   t heo re t i ca l  economic 

i s s u e s   a t   t h e   l e v e l   o f   t h e   i n d i v i d u a l  firm bu t   ou r   es t ima t ion  will 

b e   c a r r i e d   o u t   a t   t h e   i n d u s t r y   l e v e l .   I n   o r d e r   f o r   t h a t   e s t i m a t i o n  

I 
1 
I 
I' 
I 
1 
I 
I 
1 

I 
I 
1 
I 
I 
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t o  be v a l i d ,  i t  i s  necessary t o  assume t h a t   t h e  f i r m s  i n   t h e  

i n d u s t r y  have a su f f i c i en t   deg ree   o f   commona l i t y   i n   t he   p roduc t i on  

I 
s t ruc tu res .   Th i s  will a l l o w   o b s e r v a t i o n s   t o  be  drawn  from f i r m s  and 

- t o   c o n s i d e r  them  as separa te   observa t ions   f rom  the  same e n t i t y  - 

I 
U 

namely, the   indus t ry   be ing   s tud ied .   That  i s ,  it i s  assumed t h a t   t h e  

i n d i v i d u a l  f i r m s  w i t h i n   t h e   i n d u s t r y   a r e   s i m i l a r  enough t h a t   t h e y  

can  be  aggregated and t r e a t e d  as  a s i n g l e  firm. Thus, i n   t h e   n e x t  

chapter ,   the Food  and .Beverage i n d u s t r y ’ s  demand f o r   i n t a k e   w a t e r  

will be r e p o r t e d   r a t h e r   t h a n   t h e   i n d i v i d u a l  f i r m s ’  (wh ich  make up 

t h a t   i n d u s t r y )  demand f o r   i n t a k e   w a t e r .  

The second touchy  Issue  under ly ing  the  est imat ion  procedure  concerns 

t h e  assumed s e p a r a b i l i t y  between i n p u t s .  A p a i r   o f   i n p u t s  i s  s a i d  

t o  be separab le   f rom  the   o ther   inpu ts  employed i f  t h e   e l a s t i c i t y   o f  

s u b s t i t u t i o n  between  them i s  u n a f f e c t e d   b y   t h e   l e v e l s   o f   t h e   o t h e r  

i n p u t s .  I f  we assume, f o r  example, t h a t   w a t e r   i n t a k e  and labour   a re  

separable  f rom a l l   o t h e r   i n p u t s   t h e n  we can  est imate  those  input  

demand equat ions  (s imul taneously)  i n   i s o l a t i o n   f r o m   t h e   o t h e r  

i n p u t s .  Thus, ma in ta in ing   t he   assumpt ion   o f   separab i l i t y  may impose 

s t rong   p re -cond i t i ons  on t h e   s t r u c t u r e   o f   t h e   p r o d u c t i o n   p r o c e s s   b u t  

a l s o  can  subs tan t iaJ ly   reduce  the   da ta   co l lec t ion   requ i rements   o f  a 

p r o j e c t .  Because o f   d a t a   l i m i t a t i o n s ,   m o s t   o f   t h e   e m p i r i c a l  

a n a l y s i s   o f   t h i s   s t u d y  will assume t h a t   w a t e r   i n t a k e  demands a re  

separable, and  can t h e r e f o r e  be s t u d i e d   i n   i s o l a t i o n   f r o m   o t h e r  

i n p u t s .  

.. __.-.... .. , . 
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This  would seem t o  be a good p o i n t  t o  i n d i c a t e  a more soph is t i ca ted  

model o f   i n p u t  demands which will f o r m  t h e   b a s i s   f o r   f u t u r e   w o r k .  

We h a v e   a l r e a d y   i n d i c a t e d   t h a t   t h e   o p t i m a l   l e v e l   o f  one i n p u t  

g e n e r a l l y  depends on t h e   p r i c e   o f   o t h e r   i n p u t s .  A more  complete 

mode l i ng   o f   t he  f i r m ' s  decis ion  making  would  a lso show t h a t   t h e  

o p t i m a l   l e v e l   o f  any i n p u t  depends on what t h e  firm expects t o  be 

t h e   o p t i m a l   l e v e l   o f  i t s  o ther   inputs .   That  i s ,  t h e   o p t i m a l   l e v e l  

o f   a l l   i n p u t s   r e a l l y   s h o u l d  be  determined  s imultaneously.  Thus  a 

ma jo r   f u tu re   p ro jec t   i nvo l ves   t he   mode l i ng  and simultaneous 

e s t i m a t i o n  o f  a system  of  water  use demand equat ions f o r  each 

industry  sub-group. 

There i s  a l s o  a second, s l i g h t l y  more  genera l ,   pro ject   p lanned  for  

t h e   f u t u r e .  A c o s t   f u n c t i o n   f o r   t h e   e n t i r e   B r i t i s h  Columbia 

manu fac tu r ing   i ndus t r y  will be est imated.  A c o s t   f u n c t i o n  i s  an 

a l t e r n a t i v e  way t o   d e p i c t   t h e  f i r m ' s  technology  (1.e.  i t  prov ides  

t h e  same i n f o r m a t i o n  as the   p roduc t i on   f unc t i on ) .  The c o s t   f u n c t i o n  

will be modeled t o   i n c l u d e   w a t e r  as an i n p u t .  The r e l a t i o n s h i p s  

between  water  use  and  the  use o f  o the r   p roduc t i ve   i npu ts  may then be 

determined. 

The p u r p o s e   o f   t h i s   s e c t i o n  has  been t o   b r i e f l y   r e v i e w  some o f   t h e  

key  economic d e f i n i t i o n s   i m p o r t a n t   f o r   u n d e r s t a n d i n g   t h e   d i s c u s s i o n  

o f   t h e   e m p i r i c a l   r e s u l t s   i n   t h e   f o l l o w i n g   c h a p t e r .   B e f o r e   t h a t  

d iscuss ion ,   however ,   the   es t imat ion   p rocedures   used  to   der ive   the  

r e s u l t s  will be  de ta i led .  
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D .  Est imat ion  Methods 

I n   t h i s   s e c t i o n   t h e   e c o n o m e t r i c  methods  used t o   e s t i m a t e   w a t e r  

demand equa t ions   f o r   B r i t i sh   Co lumb ia   manu fac tu r ing   i ndus t r i es  will 

be d e t a i l e d .  The method o f   genera t i ng  a p r i c e   o f   w a t e r   v a r i a b l e   i s  

f i rst  discussed. 

De f in ing   t he   p r i ce   o f   wa te r   rema ins  a s i g n i f i c a n t   u n r e s o l v e d   i s s u e  

f o r   a p p l i e d   w a t e r  demand a n a l y s i s .   I d e a l l y ,   t h e   a n a l y s t   w a n t s   t o  

model  water demands by  assuming p r i c e  i s  g i v e n   t o   t h e   d e c i s i o n  maker 

and,  thus, t r e a t  i t  as  an  exogenous exp lana to ry   va r iab le .  I f  t h e  

p r i c e   o f   t h e  good i s   j o i n t l y   d e t e r m i n e d   w i t h   t h e   l e v e l   o f  

consumption  (as  would  be  t rue i n   t h e  case o f  a b l o c k   r a t e   p r i c i n g  

s t r u c t u r e )   t h e n   t h e   e s t i m a t i o n   o f  a  demand e q u a t i o n   i n c o r p o r a t j n g  

p r i c e  as   an   exp lanatory   var iab le   cou ld   invo lve  a s i m u l t a n e i t y   b i a s  

i n   t h e   e s t i m a t i o n   o f   p a r a m e t e r s .   ( c f .  Kmenta, 1971,  Chapter  13  and 

t h e   d i s c u s s i o n   i n   C h a p t e r  I1 o f   t h i s   r e p o r t ) .   T h i s   p r o b l e m   a l s o  

a r i s e s  when on ly   expend i tu re  and q u a n t i t y   d a t a   a r e   a v a i l a b l e  and 

p r i c e  i s  p rox ied   by   average  cos t .   Indeed,   severa l   o f   the   h igh ly  

aggregated  water demand s tud ies   d i scussed   i n   Chap te r  I 1  used t h i s  

method o f   g e n e r a t i n g  a p r i c e   p r o x y   w h i l e   r e c o g n i z i n g   t h e   p o t e n t i a l  

f o r   b iased   es t ima tes .   (Bab in ,   e t   a l .   1982 ;   F ie ld   and   Grebers t i en ,  

1979). 

The s tandard   p rocedure   t o   dea l   w i th   t h i s   s imu l tane i t y   p rob lem 

i n v o l v e s   t h e  use o f   ins t rumenta l   var iab les   es t imat ion   (Madda la ,  

1977,  Chapter  11).   Unfortunately,  i n   t h e  case o f  t h e   B r i t i s h  

., ." . . . . . 
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Columbia  manufactur ing  industry,  m o s t  f i r m s  face  no common e x t e r n a l  

p r ice   schedu le  f o r  t h e i r   w a t e r   i n t a k e  and, thus ,   there  i s  no c l e a r  

c a n d i d a t e   f o r   i n s t r u m e n t a l   v a r i a b l e s .  Thus wh i l e   t he   p rocedure  

descr ibed  here t o  genera te   p r i ce   p rox ies  i s  somewhat more 1 
soph is t i ca ted   than  the   'average  cos t   p roxy '  method i t  does no t   dea l  

adequa te l y   w i th   t he   s imu l tane i t y   p rob lem.  The i d e n t i f i c a t i o n  and 

use o f  i n s t r u m e n t a l   v a r i a b l e s   i n   t h i s   c o n t e x t   c e r t a i n l y  m e r i t s  

fu tu re   s tudy .  

I 

I 

The method o f   genera t i ng .  a p r i c e   f o r   w a t e r  used I n   t h i s   s t u d y  

extends a procedure  suggested  by  Ziegler  and  Bel l  (1984) .  

Observat ions on t h e  firm's expendi tures on  and q u a n t i t i e s   o f   w a t e r  

use  are  employed t o   r e g r e s s   t h e   f o l l o w i n g   e q u a t i o n :  

I 
I 
I 

TC = a. + alQ + a2( Q) 2 

-where TC i s  t o t a l   e x p e n d i t u r e  on  a g iven  category o f  water  use, Q i s  

t o t a l   q u a n t i t y   o f   w a t e r  use  and a  a  and a2  are unknown 

parameters.  Thus, i t  i s  assumed tha t   wa te r   use   cos ts   a re   quadra t i c  I 
I 

0' 1 

i n  form. Once equat ion  ( 4 )  has  been es t imated  us ing  OLS methods 

t h e n   t h e   f o l l o w i n g   t w o   p r i c e   p r o x i e s   a r e   c o n s t r u c t e d :  

( 5 )  MC = dl + 2a2Q 

( 6 )  AC = do/Q + dl + a2Q 

I 
I 

where MC i s  the   es t imated   marg ina l   cos t   o f   water   use   (der ived   by  I 
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d i f f e r e n t i a t i n g   e q u a t i o n  ( 4 )  w i t h   r e s p e c t   t o   q u a n t i t y ) ,  AC i s  t h e  

est imated  average  cost  o f  water  use and do d and d are  parameter 

est imates  f rom  equat ion ( 4 ) .  We now have t h r e e   p r o x i e s   f o r   t h e  

p r i c e   o f   w a t e r :   t h e  computed  average  cost (ACB = TC/Q),  t h e  

est imated  average  cost   [ f rom  equat ion ( 6 ) ]  and the   es t ima ted  

marg ina l   cos t   [ f rom  equat ion  ( 5 ) ] .  Each  one of   these may be  used i n  

t h e   e s t i m a t i o n  of water demand equa t ions   and   t he i r   respec t i ve  

exp lanatory  power may be  compared. 

1 '  1 2 

The sparceness o f  t he   da ta   se t   p rov ided   by   t he   I ndus t r i a l   Wa te r  Use 

Survey   necess i ta ted   the   use   o f   another   cons t ruc ted   p roxy   var iab le .  

Whi le   economic   theory   d ic ta tes   tha t   the   leve l  o f  o u t p u t  be i n c l u d e d  

as an e x p l a n a t o r y   v a r i a b l e   i n   t h e   w a t e r  demand e q u a t i o n s   t h i s  

i n f o r m a t i o n  was n o t   c o l l e c t e d   i n   t h e   S u r v e y .  As a p r o x y   f o r   o u t p u t  

we c o n s t r u c t  a v a r i a b l e ,   t o t a l  employee  hours,  which i s   d e f i n e d  as 

t o t a l  days o f   opera t ion   per   year   t imes  average number o f  employees 

per   year   t imes  average  hours  o f   operat ion  per   day.  These t h r e e  

s e p a r a t e   v a r i a b l e s   a r e   a l l   a v a i l a b l e   f r o m   t h e   S u r v e y .   T h i s  

c o n s t r u c t e d   v a r i a b l e  will a c t  as a ' good '   p roxy   f o r   ou tpu t  i f  labour  

and ou tpu t   a re   s t rong ly   co r re la ted   and  i f  labour  and  water  use  are 

s e p a r a b l e .   U n f o r t u n a t e l y ,   t h e   d a t a   s e t   a v a i l a b l e  does n o t   a l l o w  

t e s t i n g   t h e s e   h y p o t h e s i s .  

Before  proceeding t o   t h e   e s t i m a t i o n   o f   t h e   w a t e r  demand equat ions 

one fu r the r   da ta - re la ted   i ssue   mer i t s   ' d i scuss ion .  The I n d u s t r i a l  

Water Use Survey  quest ionnaires  were  p lagued  wi th  poor  response 
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r a t e s  on the   cos t   o f   water   use   ques t ions .   Ye t  i t  was unc lear ,  on 

economic  grounds,  whether  these  observations  should be omi t ted .  

Us ing   on ly   the   non-zero   cos t   observa t ions   wou ld   cer ta in ly   genera te  a 

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

s u b s t a n t i a l   p o r t i o n   o f   t h e   d a t a   s e t .  A s  a r e s u l t  o f  t h i s  

u n c e r t a i n t y ,   t h e   e s t i m a t i o n  o f  t h e   p r i c e   p r o x i e s  was conducted  both 

w i t h   t h e   w h o l e   d a t a   s e t  and w i t h  an abbrev ia ted   da ta   se t  

represent ing   on ly   the   non-zero   cos t   observa t ions .  

The e s t i m a t i o n   o f  an i n d u s t r y ' s   w a t e r  demands should be conducted  as 

p a r t   o f  a l a r g e r   c h a r a c t e r i z a t i o n   o f   t h e   i n d u s t r y ' s   t e c h n o l o g y .   F o r  

example, t h e   e s t i m a t i o n   o f  a p r o d u c t i o n   f u n c t i o n   f o r   a n   i n d u s t r y  

would  a l low  water  demands t o  be es t imated   s imu l taneous ly  wi th  t h e  

o t h e r   i n p u t  demand equa t ions .   Da ta   l im i ta t i ons  on non-water  inputs 

p r o h i b i t e d   t h i s   b e i n g  done . A s  a r e s u l t ,   s i n g l e   e q u a t i o n   w a t e r  

i n t a k e  demand equations  were  est imated. I n   t h e  absence o f  a chosen 

f u n c t i o n a l   f o r m   f o r   t h e   p r o d u c t i o n   o r   c o s t   f u n c t i o n ,   t h e r e  was 

l i t t l e  guidance t o   t h e   r e q u i r e d   f u n c t i o n a l   f o r m   f o r   t h e  demand 

equat ion .  Two functional  forms  were  adopted:  logged  dependent and 

l i nea r   i ndependen t   va r iab les   (equa t ion  ( 7 ) ) ;  and l inear   dependent  

and logged  independent   var iab les  (equat ion ( 8 ) ) .  The es t imated 

water demand equat ions,   then, had  one o f   e i t h e r  o f  t h e   f o l l o w i n g  

forms : 

3 

As wel l ,   problems  wi th  the  computer  econometr ics  package's 
s u b - r o u t i n e   r e s p o n s i b l e   f o r   e s t i m a t i n g  systems o f   equat ions   fo rced 
postponement  on t h a t   s t a g e   o f   t h e   s t u d y .  



- 4 5  - 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 

( 7 )  log(Q1N) = a. t a lPIN t a2PTRT t a3PRCR t a4POUT 
t a5THR t u 

( 8 )  Q I N  = bo + bllOg(P1N) t bZlOg(PTRT) t b31og( PRCR) 
t bqlog(P0UT) t bglog(THR) t v 

Where: 

P I N  = t o t a l   w a t e r   i n t a k e  
P I N  = p r i c e   o f   . w a t e r   i n t a k e  
PTRT = p r i c e   o f   w a t e r   t r e a t m e n t  
PRCR = p r i c e   o f   w a t e r   r e c i r c u l a t i o n  
POUT = p r i c e   o f   w a t e r   d i s c h a r g e  
THR = t o t a l  employee  hours 
u,v = e r ro r   te rms 

It should  be  noted  that   each  pr ice  term was p r o x i e d   b y   t h e   t h r e e  

d i f f e r e n t   a v a i l a b l e   p r o x i e s   ( a s   d e s c r i b e d   e a r l i e r   i n   t h i s   s e c t i o n )  

and t h a t  OLS techniques  were  used  throughout. 

E. Summary 

Many o f   e s t i m a t i o n  methods   descr ibed  here   a re   fa r   f rom  idea l  and y e t  

would seem t o .  be  the  most   sophis t icated  methods  the  data  set   would 

a l low.   Future  work will be  concent ra ted   on   inves t iga t ing   the   use   o f  

i n s t r u m e n t a l   v a r i a b l e s   i n   t h e   c o n s t r u c t i o n   o f   p r i c e   p r o x i e s  and t h e  

e s t i m a t i o n   o f   w a t e r  demands as a s imul taneous  system,  o f   equat ions.  

The nex t   chap te r   repo r t s  on t h e   r e s u l t s  o f  t h e   e s t i m a t i o n   o f   w a t e r  

i n t a k e  demand equa t ions   f o r   t he   B r i t i sh   Co lumb ia   manu fac tu r ing  

i n d u s t r i e s .  

I 
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CHAPTER V 

THE COSTS OF WATER USE 

A. I n t r o d u c t i o n  

The p u r p o s e .   o f   t h i s   c h a p t e r   i s   t o   d e t a i l   t h e   c o s t s   r e l a t e d   t o   w a t e r  

use i n   t h e   B r i t i s h  Columbia  manufactur ing  industry.  The two  most 

s ign i f i can t   cos ts   a re   wa te r   ren ta l   f ees   wh ich   mus t  be p a i d   t o   t h e  

p r o v i n c i a l   g o v e r n m e n t   o r   t o  a m u n i c i p a l   u t i l i t y  and  in-house 

o p e r a t i n g  and maintenance  and c a p i t a l   c o s t s   f o r   t h e  firm's 

f a c i l i t i e s   f o r   w a t e r   i n t a k e ,   t r e a t m e n t ,   r e c i r c u l a t i o n  and 

d ischarge.  Each o f   t h e s e   i s   d i s c u s s e d   i n   t u r n .  

B.  Water P r i c i n g   i n   B r i t i s h  Columbia 

A firm i n   B r i t i s h  Columbia  wishing t o  secure a supply  of   water  must 

e i t h e r   r e l y  on a p u b l i c   u t i l i t y   o r   f i n d   i t s  own source   o f   supp ly .  

I n   t h e   f o r m e r   c a s e  i t  i s   c o n f r o n t e d   w i t h  a pr ice   schedu le   wh ich  

s p e c i f i e s   t h e   c o s t   o f   w a t e r   s u p p l y .  The na ture   o f   these  schedu les  

var ies   enormous ly   th roughout   the   p rov ince .   Mun ic ipa l i t ies   use  a 

v a r i e t y   o f   c h a r g i n g  methods  and r e l i a n c e  i s  s p l i t   f a i r l y   e q u a l l y  

among f l a t   r a t e  charges ,   meter ing ,   and  the   use   o f   bo th   (Br i t i sh  

Columbia  Water  and Waste Associat ion,   1982,   tab le 4 . 7 ) .  The l e v e l  

o f   c h a r g e s   a l s o   v a r i e s   s i g n i f i c a n t l y   a c r o s s   m u n i c i p a l l t i e s .  For 

i ns tance,   the  mean a n n u a l   - w a t e r   i n t a k e   f o r  a B r i t i s h  Columbia 

manufactur ing firm i n  1981 was a p p r o x i m a t e l y   5 . 8   m i l l i o n   c u b i c  

me t res .   Depend ing   on   t he   l oca t i on   o f   t h i s   hypo the t i ca l  firm, i t  

would  have t o  pay  between $0.1 - 1 . 2   m i l l i o n  ( 1 9 8 1   d o l l a r s )   f o r   i t s  

. I  .. . . . . . . . , 
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i n t a k e   w a t e r  i f  it. r e l i e d   t o t a l l y  on a p u b l i c   u t i l i t y  (BCWWA, 1982, 

tab le   4 .3 ) .  The s i z e   o f   t h e s e   i n t a k e   c o s t s   p r o v i d e s  an e x c e l l e n t  

i n d i c a t i o n  why 9 4   p e r   c e n t   o f   m a n u f a c t u r i n g   w a t e r   i n t a k e   i n   t h i s  

p r o v i n c e   i s   s e l f - s u p p l i e d  . F i r m s  drawing  water  f rom a p r i v a t e  

source   bear   on ly   p rov inc ia l   water   l i cence  fees   and  in   house  pumping  

and  t reatment   costs .  

1 

I n   o r d e r   f o r  a p r i v a t e   a g e n t   t o   w i t h d r a w   w a t e r   f r o m   c i r c u l a t i o n ,  

t h a t   p e r s o n   r e q u i r e s  a l i c e n c e  as s p e c i f i e d   i n   t h e   B r i t i s h  Columbia 

Water  Act (RSBC, Ch. 429, 1979) .   That   s ta tute empowers t h e  

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

bo th   su r face  and  ground  waters. To date,  the  government  has  chosen 

t o   s e t   f e e s   o n l y   f o r   t h e   w i t h d r a w a l   o f   s u r f a c e   w a t e r s .  These fees 

a r e   s e t   o u t   i n   t h e   r e g u l a t i o n s   u n d e r   t h e  Water  Act.  Table 5.1 

i l l u s t r a t e s   t h e   t y p e   o f   c h a r g e s   p r o v i d e d   f o r   u n d e r   t h e  Water  Act. 

I n   a d d i t i o n   t o   p a y i n g   f o r   i n t a k e   w a t e r   e i t h e r   t o  a p u b l i c   u t i l i t y   o r  

t o   t h e   p r o v i n c i a l  government, a firm o f t e n  has o the r   cos ts  

a s s o c i a t e d   w i t h   i t s   w a t e r   u s e .  These a re   t he   i n -house   ope ra t i ng  and 

main tenance  cos ts   and  cap i ta l   cos ts   assoc ia ted   w i th  I t s  i n - p l a n t  

system  whlch pumps, t r e a t s ,   s t o r e s ,   r e c i r c u l a t e s  and  discharges 

I t i s  d i f f i c u l t   t o  say  what t h e   h y p o t h e t i c a l   s e l f - s u p p l i e d  firm 
would  pay f o r  i t s  water  because  the  responses t o   t h e   c o s t   o f   i n t a k e  
q u e s t i o n  may h a v e   i n c l u d e d   p r o v i n c i a l   l i c e n c e   c o s t s   i n   a d d i t i o n   t o  
in -house  opera t ing  and  maintenance  costs.  The c o s t   o f  a P r o v i n c i a l  
water  l icence,  however,  t o  withdraw 5.8 m i l l i o n   c u b l c   m e t r e s   p e r  
year  for   cool ing  purposes  would  be $ 5 5 0  (see  Table 5 . 1 ) .  

. . .  .. . ' ....._ i_ ". 
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TABLE 5.1 

Sample  Calculation  of  Fees  Under  the  Water  Act 

fees  for  water  withdrawn  for.  Cooling  Purposes: 

Application  Fee 
for  each 10,000 gallons/day,  total  less 

than 500,000 gallons/day 

for  each 10,000 gallons/day,  total  between 
500,000 and 1 million  gallons/day 

for  each 10,000 gallons/day,  total  greater 
than 1 million  gallons/day 

1981 ( $ 1  

2.01 

1 .o 

0.5 

Rental  Fee - same  rates  as  application  fees 

Thus,  if a manufacturing  firm had an  annual  intake of  5.8 million 
cubic  metres  per  year*  (the  average for Brltish  Columbia 
manufacturing  firms)  and  used  all  of  this  water  for  cooling  purposes 
then it would  have  to  pay a combined  application  and  rental  fee  of 
approximately $550 (1981) for  that  right  to  the  Provincial  government. 

NOTES : 

1. .The  application  and  rental  fees  were  all  doubled  in 1982. 

2. This  sample  calculation  assumes  the  firm  is  in  operation 365 
\ Listed  in  Table 5.1 are  the 1981 fee  rates. 

days  per  year. 

water.  While  the 1981 Industrial  Water  Use  Survey  did  not  requlre 

capital  cost  information i,t did  ask  for  operating  and  maintenance 

cost  information.  In  the  next  section  this  component  of  the  firm's 

water-related  costs  is  discussed. 

C. Internal  Costs o f  Industrial  Water  Use 

In  order  to  obtain  and  use  water in  its  production  process a firm 

must  incur  certain  costs.  These  include  expenditures  to  install, 

.. -- . , - . . . . _. . . 
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operate,   mainta in   and  moni tor   the  var ious  systems  necessary  to   br ing 

water t o  t h e   p l a n t ,   t r e a t   t h e   w a t e r  t o  a d e s i r e d   q u a l i t y ,  use  the 

water i n   t h e   p r o d u c t i o n   p r o c e s s  and then  d ischarge it. I n   t h i s  

s e c t i o n  .some summary s t a t i s t i c s  f r o m  t h e   I n d u s t r i a l  Water Use Survey 

are   p resented  as   t hey   re la te   t o   wa te r   use   cos ts .  

Table 5 . 2  p r e s e n t s   t h e   t o t a l   o p e r a t i n g  and maintenance  cost  by  use 

component  and  by indus t ry .   For  example, no te   t ha t   t he   P r imary   Me ta l  

i n d u s t r y   s p e n t   j u s t   o v e r  $584,000  (1981 d o l l a r s )   i n   o r d e r   t o   o b t a i n  

water .  It i s  impor tan t  t o  no te  however t h a t   t h i s   f i g u r e   r e p r e s e n t s  

on ly   those  expend i tu res   fo r  firms which  responded t o   t h e   I n d u s t r i a l  

Water Use .Survey and a l s o  answered the   ques t i on  on w a t e r   a c q u i s i t i o n  

costs.   Nonetheless,  some o f   t h e   r e s u l t s   f o r   s p e c i f i c   i n d u s t r i e s   a r e  

q u i t e   i n t e r e s t i n g .  The Pulp and  Paper i n d u s t r y  i s  t h e  number  one 

spender on water - l a r g e l y  due t o  t h e   s u b s t a n t i a l   t r e a t m e n t   p r i o r   t o  

d ischarge  costs .  Food and  Beverage i s  a l s o  a l a r g e  spender  on  water 

( h a v i n g   t h e   t h i r d   l a r g e s t   t o t a l   w a t e r   c o s t ) .   T h i s  i s  a t t r i b u t a b l e  

t o   t h e   l a r g e  amounts of   t reatment   process  water   must   undergo  pr ior  

t o   d i s c h a r g e  and t o  t h e   f a c t   t h a t  many o f   t h i s   i n d u s t r y ' s  f i r m s  r e l y  

on p u b l i c   u t i l i t i e s   f o r   i n t a k e   w a t e r  - a r e l a t i v e l y   e x p e n s i v e  

source. Yet ,  compar isons  o f   water   costs   across  indust r ies i n  Table 

5 . 2  i s  made d i f f i c u l t  b y   t h e   d i f f e r e n c e s   i n  s i z e  o f   t hese  

i n d u s t r i e s .  A more a c c u r a t e   p i c t u r e  may be  obtained  by  comparing 

average  costs  as shown i n  Table 5.3. 

_ .  - -  , . . .. 
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TABLE 5.2 

Industrial Water Use Costs by Purpose in British Columbia 
($000, 1981 dollars) 

Industry 
Group 

Water 
Acquisi- Intake Recircu- Discharge 
tion Treatment lation Treatment Total 
cost cost cost Cost' cost 

Total: British Columbia 8779.896 
Food & Beverage 1 543.009 
Clothing & Rubber 54.813 
Wood 1288.948 
Paper & Allied 3342.760 
Primary Metal 584.115 
Metal Fabricating 160.192 
Transportation  22.210 
Non-Metallic Mineral Products 128.649 
Petroleum & Coal Products 735.640 
Chemical & Chemical Products 919.557 

5181.181 
280.028 
14.539 
190.981 
3766.843 
21.001 
17.657 

.003 
25.574 
730.162 
134.389 

3361  .687 1 1  071  .033 
107.600 538.185 
398.122 1.258 
308.913 302.165 
820.107 7513.050 
5.302 30.003 
31.970 342.81 8 

.003 .003 
182.841 34.641 
1094.227 1782.000 
41  2.600 526.907 

28393.797 
2468 :822 
468.732 
2091.007 
15442.760 
640.421 
552.637 
22.219 
371 .705 
4342.029 
1993.453 

Source: Tate and Scharf,  (1985), Volume I, table 1.41 

NOTES: 

1. Column 5 is calculated by summing across columns 1 to 4. 

Table  5.3 presents estimates of average or per unit costs broken 

down by water use component and by industry. It is important to 

note how these averages were determined. Only those respondents 

providing a non-zero cost estimate were included in the estimation 

o f  these figures. Averaging over the entire data set would have 

meant underestimating the average cost because o f  the prevelance o f  

respondences with zero cost observations but non-zero quantity 

observations.  For example, in Table  5.3, the average recirculation 

.-.. ,.,.. * ' .. . , .  
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i n d u s t r y  i s  given  as $36.261/1000m . 3 However 

' s i m p l e '   a v e r a g e   ( t h a t  i s ,  t o t a l   t r e a t m e n t   c o s t   d i v i d e d   b y   t o t a l  

t r e a t m e n t )  i s  o n l y  $19.864/1000m . 3 

TABLE 5.3 

Computed A v e r a g e   I n d u s t r i a l  Water Use Costs i n   B r i t i s h  Columbia 
$/1000m3 per   year   (1981  do l la rs )  

"""""" COMPUTED AVERAGE COST ---------- 
Indus t r y   Rec i   r cu -  
Group In take   T rea tmen t   l a t i on   D ischarge   To ta l  

Food & Beverage 
C l o t h i n g  & Rubber 
Wood 
Paper & A l l i e d  
Pr imary  Meta l  
M e t a l   F a b r i c a t i n g  
T r a n s p o r t a t i o n  
Non-Meta l i c   M inera l  

Petro leum & Coal 

Chemicals & Chemical 

Products  

Products 

.Products 

137.06 
137.78 
206.24 
420.27 

1185.9 
1988.60 

220.90 

127.96 

32  .83 

226.37 

404.27 989.16 
114.24 116.10 

28.825 3.12 
30.01 1102.90 

*1 *l 
0.15 0.08 

72.84 1.24 

319.55  27.20 

43.27  39.67 

219.56  36.261 

130.04 
43.67 

796.65 
506.10 

0.11 
*1 

117.88 

178.96 

145.43 

270.56 

1660.53 

1034.84 
2059.33 
1186.0 
1988.8 

41 1.790 

412.85 

653.61 

261 .21 

752.75 

NOTES: 

1. Est imate  less  than  .01.  

One i n t e r e s t i n g   f e a t u r e   o f   T a b l e  5.3 i s  t h a t   t h e   ' b i g   f o u r '  - i e .  

t h e   t o p   f o u r   i n d u s t r i e s   i n   t e r m s   o f   w a t e r   i n t a k e  - Primary  Metals,  

Paper  and A l l i e d ,   P e t r o l e u m  and  Chemicals - a lso   have some o f   t h e  

h ighest   average  water   use  costs .  I n  a d d i t i o n   t o   t h e s e   f o u r  

i n d u s t r i e s ,  however, i t  can  be  seen t h a t   t h e   M e t a l   F a b r i c a t i n g  and 

.. " . . - 
:r ,. . . . .  , ... , ..... - , . ". . .. 
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Food  and  Beverages  industries  also  have  relatively  high  average 

costs. In addition, it would  appear  that  for  most  industries 

(Primary  Metals  and  Metal  Fabricating  being  the  exceptions)  the 
. ." 

total  costs  of  water  use  are  fairly  well  distributed  among  the  use 

components. A s  well,  for  most  industries,  the  average  costs  of 

discharging  water  make up a fairly  large  portion  of  total  average 

costs. 

To  an  economist,  another  relevant  variable  to  be  considered  when 

studying  input  use i s  the  marginal  cost . This  amount  essentially 

indicates  the  amount  the  firm  spent  on  the  last  unit  of  input  It 

acquired.  Unfortunately, i n  order  to  compute  the  marginal  cost  of 

water  use it i s  necessary  to  know  something  about  the  relationship 

between  costs  and  the  level  of  water use. A single  observation will 

not  supply  this  information.  However, a method  of  estimating  the 

marginal  cost  was  discussed in the  preceeding  chapter.  This i s  the 

method  suggested by Ziegler  and  Bell (1984) which  estimates  the 

relationship  between  cost o f  quantlty o f  water  use  and  then  derives 

from  this  estimated  relationship  an  estimate o f  the  marginal  cost 

(see  Chapter I V  for  details).  The  estimated  mean  marginal  cost  for 

each  water  use  component  and  each  industry i s  presented in Table 5.4. 

2 

The  figures  presented  in  Table 5.4 are  quite  striking. In every 

instance  (with  the  exceptions  of  the  marginal  cost  of  recirculation 

, * Marginal  Cost i s  defined  to  be  the  change in total  costs  for a one 
unit  change in input  use  (here, a unit i s  1000 cubic meters). 
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TABLE 5.4 

Est imated Mean Marginal   Cost  of  
I n d u s t r i a l  Water Use i n   B r i t i s h  Columbia 

$/1000m3 ( 1 9 8 1   d o l l a r s )  

I n d u s t r y  
Group 

-””” ESTIMATED MEAN MARGINAL COST -------- 
Reci   rcu- 

I n t a k e   T r e a t m e n t   l a t i o n   D i s c h a r g e   T o t a l  

Food & Beverage 
C l o t h i n g  & Rubber 
Wood Products 
Paper & A l l i e d  
Pr imary  Meta ls  
M e t a l   F a b r i c a t i n g  
T r a n s p o r t a t i o n  
Non-Meta l l i c   M inera ls  
Petro leum & Coal  Products 
Chem.icals & Chemical 

Products 

48.3 * 
4.03 

42.19 

25.82 
55.29 

50.29 

.712 

* 

18.06 

4.53 
15.32 * 

.055 

.002 
**2 
* 
* 

8.16 

1.06 

10.90 
39.00 * 

* 
* 
** 

17.78 
28.72 

7.43 

4.59 

*1 

4.09 
* 

* 
.005 ** 

20.89 

98.49 
* 

25.54 

63.73 
54.32 
8.12 

42.245 
.719 

25.82 
93.96 
28.72 

164.37 

49.25 

NOTES: 

1. * deno tes   an   es t ima te   l ess   t han   o r   equa l   t o   ze ro .  
2. ** d e n o t e s   a n   i n s u f f i c i e n t  number o f   o b s e r v a t i o n s   t o   e s t i m a t e .  

f o r   t h e   T r a n s p o r t a t i o n  and M ine ra l   P roduc ts   i ndus t r i es )   t he   marg ina l  

cost   o f   each  water   use  component   for   each  indust ry  i s  l e s s   t h a n   t h e  

average  cost.  For  example,  from  Table  5.3 i t  i s  seen t h a t   t h e  

a v e r a g e   c o s t   o f   i n t a k e   f o r   t h e  Food i n d u s t r y  was computed t o  be 

$137.06  / lo00 m ( 1 9 8 1   d o l l a r s )   w h i l e   t h e   c o r r e s p o n d i n g   m a r g i n a l  

c o s t  i s  e s t i m a t e d   t o  be  only  48.30  / lo00 m (1981 d o l l a r s ) .  I n  f a c t  

many o f   t he   es t ima tes   o f   t he   marg ina l   cos t   o f   wa te r   use   were  

n e g a t i v e   o r   i n 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   z e r o !  A compar ison  o f  

3 

3 
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these   two   t ab les   y ie lds   two   t en ta t i ve   conc lus ions .   F i r s t ,   because  

o f   t h e   r e l a t i v e l y   s m a l l   w a t e r  use 'p r ices '   charged t o  -firms they 

have  expanded t h e i r   w a t e r   u s e   t o   t h e   p o i n t  where the   marg ina l   cos ts  

have  been d r i v e n   a l m o s t   t o   z e r o .   S e c o n d l y ,   t h e   f a c t   t h a t   m a r g i n a l  

c o s t s   a r e   c o n s i s t e n t l y   e s t i m a t e d   t o  be less  than  average  costs  

s u g g e s t s   t h a t   f i r m s   e n j o y   r e t u r n s   t o   s c a l e   w i t h   r e s p e c t   t o   w a t e r  

use.  This, i n   t u r n ,  may be  due to   the   complementar i t y   be tween  water  

use  and c a p i t a l   e x p e n d i t u r e s .  The l a t t e r   h y p o t h e s i s   c e r t a i n l y  

m e r i t s   f u r t h e r   i n v e s t i g a t i o n .   A l t e r n a t i v e l y ,   t h e   d e c l i n i n g   b l o c k  

r a t e   s t r u c t u r e  common t o   w a t e r   p r i c i n g   s c h e d u l e s   i n   B r i t i s h   C o l u m b i a  

may be p a r t i a l l y   r e s p o n s i b l e   f o r   t h i s   d i f f e r e n c e .  

Wh i le   t he   above   t ab les   i nd i ca te   t he   app rox ima te   l eve l   o f  

expendi tures  on  water   by  manufactur ing  indust r ies  they  do  not   g ive a 

good  measure o f   the   impor tance o f  t h o s e   e x p e n d i t u r e s   r e l a t i v e   t o   t h e  

to ta l   cos ts   bo rne   by   t he  firm. Table- 5 . 5  presen ts   es t ima tes   o f   t he  

share i n   t o t a l   c o s t s   t h a t   w a t e r - r e l a t e d   e x p e n d i t u r e s   r e p r e s e n t s .  

These  est imates  were  constructed  by  assuming  that a l l   B r i t i s h  

Columbia  manufactur ing  industr ies  under  study  exper ience  constant 

r e t u r n s   t o   s c a l e .   I n   t h a t   c a s e   t o t a l   r e v e n u e   i s   e q u a l   t o   t o t a l   c o s t  

and t h e   r a t i o   o f   w a t e r   e x p e n d i t u r e s   t o   t o t a l   r e v e n u e   ( t o t a l   r e v e n u e  

i s   a v a i l a b l e   f r o m   S t a t i s t i c s  Canada p u b l i c a t i o n  SC 31-209) i s  a good 

a p p r o x i m a t i o n   t o   w a t e r ' s   c o s t   s h a r e .  It would  appear   that   water 's  

s h a r e   o f   t o t a l   c o s t s   i s   s m a l l  - reaching a  maximum o f   o n l y   t h r e e   p e r  

c e n t   i n   t h e  Wood Produc ts   indus t ry   ( fo r   compar ison ,  i t  i s   o f t e n  

assumed t h a t   t h e   c o s t   s h a r e s   f o r   l a b o u r ,   c a p i t a l  and m a t e r i a l s   i n  

. - . ... ,". .. . . ... . 
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TABLE 5 . 5  

Water's  Share i n   T o t a l   C o s t s  
i n   B r i t i s h  Columbia  Manufactur ing 

Indus t ry   Water 's   Cos t  
Group  Share ( X )  

ALL MANUFACTURING* 
Food & Beverage 
C l o t h i n g  & Rubber 
Wood Products 
Paper & A l l i e d  
Pr imary  Meta ls  
M e t a l   F a b r i c a t i n g  
T r a n s p o r t a t i o n  
Non-Meta l l i c   M inera ls  
Petroleum & Coal  Products 
Chemicals & Chemical 

0.5 
0.4 
1.7 
3.0 
0.8 
0.17 
0.05 
1.3 
0.3 
0.6 
1.4 

* Computed  as  a weighted  average  where 
w e i g h t s   a r e   t o t a l   i n t a k e .  

Canad ian   manu fac tu r ing   a re   twen ty - f i ve ,   f i f t een  and s i x t y   p e r   c e n t ,  

r e s p e c t i v e l y ) .   I n   a d d i t i o n ,   o f   t h e   t o p   f i v e   w a t e r   u s i n g   i n d u s t r i e s  

(Primary  Metals,  Paper,  Chemicals,  Petroleum  and Wood I n d u s t r i e s )  

o n l y  Wood and Chemicals  have  cost  shares  greater  than one per   cent .  

T h i s   s i t u a t i o n   e x p l a i n s  why the   ove ra l l   manu fac tu r ing   ave rage   wa te r  

cost   share i s  o n l y  one h a l f   o f  one per  cent.   There i s ,  however,  one 

s o u r c e   o f   b i a s   w h i c h   l e a d s   t h i s   c o s t   s h a r e   t o  be too   smal l .  What i s  

repo r ted  on t h e   I n d u s t r i a l  .Water Use Survey  are  operat ing and 

maintenance  costs.  No c a p i t a l   c o s t s   f o r   w a t e r  use  were  requested. 

Thus, Table 5 . 5  shows t h e   s h a r e   t h a t   t h e   w a t e r - r e l a t e d   o p e r a t i n g  and 

maintenance  costs  have and n o t   t h e   s h a r e   f o r   a l l   w a t e r - r e l a t e d   c o s t s  

( o p e r a t i n g  and ma in tenance   p lus   cap i ta l ) .  
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D .  Summary 

I What then  can be co ncluded  f rom  the  data. .  esented i n   t h i s   c h a p t e r ?  

The m o s t   o b v i o u s   r e s u l t   i s   t h a t   B r i t i s h   C o l u m b i a   m a n u f a c t u r i n g  

i n d u s t r i e s ,  on average,  spend  very l i t t l e   t o  use l a r g e   q u a n t i t i e s   o f  

8 
'I 

. e  smal l   share o f  t o t a l   c o s t s ,   i n d u s t r i a l   w a t e r  demands a r e   ' s e n s i t i v e  

1 
1 
f -  
1 
1 
I 

water.  Second, i t  would  appear t h a t   t h e i r   w a t e r - r e l a t e d   c o s t s   a r e  

charac ter ized   by   dec l in ing   average  cos ts .   Bo th  o f  these  conc lus ions 

do n o t  bode w e l l   f o r   t h e   e s t i m a t i o n   o f   w a t e r   i n t a k e  demand curves. 

It remains t o  be  seen  whether, d e s p i t e   w a t e r   e x p e n d i t u r e s   r e l a t i v e l y  

t o   t h e  average  o r   marg ina l   cos t   o f   water   in take .  These  and o t h e r  

e m p i r i c a l   i s s u e s   a r e   t h e   f o c u s   o f   t h e   n e x t   c h a p t e r .  

... .. . . . . . ~ . .. . . . . -. 
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CHAPTER V I  

EMPIRICAL RESULTS 

A .  I n t r o d u c t i o n  

The purpose  o f   th is   chapter  i s  t o   r e p o r t   t h e   r e s u l t s   o f  an 

e s t i m a t i o n   o f   w a t e r   i n t a k e  demand e q u a t i o n s   f o r   B r i t i s h   C o l u m b i a  

manu fac tu r lng   i ndus t r i es .   I n   add i t i on ,   t he   wa te r   use   cos t  

equat ions,   est imated i n   o r d e r   t o   g e n e r a t e   p r i c e   p r o x i e s ,   a r e  

r e p o r t e d .   F i n a l l y   t h e  own p r i c e  and o u t p u t   e l a s t i c i t i e s   o f   i n t a k e  

w a t e r   a n d   t h e   c r o s s - p r i c e   e l a s t i c i t i e s  between  water  intake  and 

o the r   ca tegor ies   o f   wa te r   use   a re   de ta i l ed .  

The r e s u l t s   r e p o r t e d   i n   t h i s   c h a p t e r   s h o u l d  be i n t e r p r e t e d  as b e i n g  

p r e l i m i n a r y   f i n d i n g s .   T h i s  i s  because t h e   e s t i m a t i o n  model  chosen 

( t h e   s i n g l e   e q u a t i o n   f o r m a t ) .  i s  f a i r l y   s i m p l e  and n o t   r i g o u r o u s l y  

d e r i v e d   f r o m   e c o n o m i c   p r i n c i p l e s .   I n   t h e   f u t u r e  more d e t a i l e d  

es t ima t ion   mode ls   (w i th  a more firm grounding i n  economic theory )  

will be  employed. 

Emp i r i ca l   Resu l t s  

Most o f   t h e  firms r e s p o n d i n g   t o   t h e   I n d u s t r i a l  Water Use Survey 

faced l i t t l e   o r  n o   e x t e r n a l   p r i c e   f o r   t h e i r   i n t a k e   w a t e r .  A s  a 

r e s u l t  some p r o x y   f o r   p r i c e  must  be  generated i n   o r d e r   t o   e s t i m a t e  

wa te r   i n take  demand equat ions.  I n  Chapter IV a method,  proposed  by 

Z i e g l e r  and Be l l   ( 1984) .  was ou t l ined   wh ich   wou ld   genera te   two 

p r o x i e s   f o r   t h e   p r i c e   o f   w a t e r   u s e  i n  any  category:   the  est imated 

marg ina l   cos t  and the  est imated  average  cost .  
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Table 6.1 rep resen ts   t he   resu l t s   o f   us ing   t he   Z ieg le r   and   Be l l  

(1984)   methodology.   For   each  indust ry ,   ' to ta l   cost   o f   water   use '  

equat ions  were  est imated  (us ing OLS techniques)   for   four   water   use 

c a t e g o r i e s :   i n t a k e ,   t r e a t m e n t ,   r e c i r c u l a t i o n  and  discharge. From 

these  regress ion   equat ions   the   es t imated   marg ina l  and  average c o s t s  

of  water  use  were  computed  and, j n   t u r n ,  used i n   t h e  demand equat ion 

e s t i m a t i o n .  

The f i g u r e s   r e p o r t e d   i n   T a b l e  6 . 1  a r e ,   f o r   t h e  most pa r t ,   no t   ve ry  

impress ive.  Many o f   t he   es t ima ted   equa t ions   have   qu i te   l ow   l eve l s  

o f   exp lana to ry  power  (seen i n   t h e   l o w   a d j u s t e d  R2 and t r a t i o  

va lues) .   For   the   Transpor ta t ion   indus t ry ,   fo r   example ,   most   o f   the  

e s t i m a t e d   c o e f f i c i e n t s   a r e   n o t   s t a t i s t i c a l l y   s i g n i f i c a n t  and t h e  F 

va lue  on t h e   r e c i r c u l a t i o n   e q u a t i o n   i s   n o t   h i g h  enough t o   w a r r a n t  

r e j e c t i n g   t h e   n u l l   h y p o t h e s i s   t h a t   a l l   o f   t h e   r e g r e s s i o n  

c o e f f i c i e n t s   e q u a l   z e r o .   I n   g e n e r a l ,   t h e   i n t a k e   c o s t   e q u a t i o n  

r e s u l t s   a r e   b e s t ;   p e r h a p s   r e f l e c t i n g   b e t t e r   q u a l i t y   r e s p o n s e s  by 

f i r m s .  The poor   equa t ion   resu l t s   f o r   t rea tmen t  and r e c i r c u l a t i o n  

a r e   p a r t i a l l y   a t t r i b u t a b l e   t o   t h e   l a r g e  number of   survey  responses 

w h i c h   d i d   n o t   p r o v i d e   t h i s   i n f o r m a t i o n . .  

It i s  r a t h e r   d i s a p p o i n t i n g   t h a t   t h e   b a s i s   f o r   t h e   c o n s t r u c t i o n   o f  

t h e   p r i c e   p r o x i e s   w o u l d  be o f  such a p o o r   q u a l i t y .   I n   p a r t   t h i s   i s  

due t o   t h e   l a c k   o f   d a t a .   I n   a d d i t i o n ,   t h e   f u n c t i o n a l   f o r m  chosen 

( i e .   t h e   q u a d r a t i c   n a t u r e  o f  t h e   t o t a l   c o s t   e q u a t i o n s )   i s   l a r g e l y  

a r b i t r a r y .  It i s  hoped t h a t   f u t u r e  work will y t e l d  more 
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TABLE 6.1 

Estimated Water Use Cost Equations 
by Industry and  Water Use Category1 

i n   B r i t i s h   C o l W i a  

Food  and  Beverages 

Intake Treatment 
TC = 2284.9 + .56244E-l(Q) - .14110E-7 ($) TC = 2006.3 + .92908E-2(Q) - .21623E-8 ($) 

(.77896)  (5.3157)  (-3.5023) (2.2397)  (2.0054) . (-1.5004) 
F = 32.977,  R2a = .3728, DF = 76 F = 6.268, R2a = .OS34 

Recirculation Discharge 
TC = 492.74 + .16767E-l(Q) - .10900E-7 ($) TC = 3778.2 + .64932E-3(Q) + .36658E-8 ($) 

(1.7055)  (5.3105)  (-4.8384)  (1.3879)  (.62619)  (.96021) 
F = 14.468, R2a = .2523 F = 5.937, R2a = .0911 

C1 o t   h i  ng , Rubber  and Text i 1 es 

Intake Treatment 
TC = 2269.8 - .52065E-1 (Q) + .47640E-6 ($) TC = 18.375 + . 18545(Q) - .33962E-5 ($) 

(2.0329)  (-1.3511)  (2.4469) (-. 53244)  (3.1349,) (-2.6568) 
F = 10.287, R2, = .4585, DF = 16 F = 5.249, R2a = .3336 

Recirculation Discharge 
TC = -7377.8 + .38208(Q) - .86582E-9 ($) TC = 67.152 - .14743E-3(Q) - .14034E-8 ($1 

(-.50178)  (3.5020)  (-3.5023) ( .72658) (-. 45469) (- 34792) 
F = 4.692, R2a = .3643  F = 3.600, R2a = .1129 

Wood Products 

1 (Q2 
Intake Treatment 
TC = 1906.4 + .75613E-2(Q) - .60536E-10 ($) TC = .15157E+6  -.9342&-3(Q)  +.77793E-l 

(.35711)  (2.5761)  (-1.9196)  (2.7771)  (-.43252) (-61503) 
F = 8.686, R2a = .2049, DF = 23 F = 4.956 R2a = .0633 

Recirculat ion Discharge 
TC = 34924 - .68012E-4(4) + .24444E-13 ($) TC = .13638E+6  +.12570E-l(Q)  -.13441E-9 

(1 -4263) (-. 13163)  (.35454) (1 -1933) (2.0279)  (-2.0250) 
F = 8.570, R2a = .0802 F = 7.814, R2a = .0834 

Paper  and A l l i e d  Products 

Intake Treatment 
TC = 4234.8 + .47298E-l(Q) - .39918E-8 ($) TC = 2527.0 + .19105E-2(Q) - .17229E-g  (42) 

(.87909)  (6.738)  (-5.6288) (2.6100) (-92801) (-.87627) 
F = 25.622, R2a = .5197, DF = 51 F = 3.209  R2a = .0217 

Recirculation Discharge 
TC = 3614.9 + .33857E-2(Q) - .15812E-9 ($1 TC = 4663.6 - .21815E-4(Q) - .46255E-10 ($) 

(1.9344)  (1.7171)  (-1.7284) (1  -8586) (-.56910) (-. 11372) 
F = 3.102, R2a = .0190 F = 1.253,  R2a = . O N  

. ..  
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TABLE 6.1 (Continued) 

Transportation Equipment 

Intake Treatment 
. TC = 755.48 + .37972E-l(Q) + .56784E-7 ($) TC = 39.507 - .49035E-.l(Q) + .44441E-5 ($) 

( .33223) (1 .2889) (1.2029) (.78569)  (-3.8297) (20.851) 
F = 52.688, R2a = .9037, DF = 9 F = 264.533 R2a = .9895 

Recirculation  Discharge 
TC = 347.10 + .33578E-l(Q) - .22145E-7 ($) TC = 506.55 - .69817E-l(Q) + .45436E-6 ($) 

(.19617) (1.9509)  (1.7803) (.68815)  (-.73350) (2.9196) 
F = 1.935, R2a = .1587 F = 32.523  R2a = .8752 

Primary & ta l  s 

Intake Treatment 
TC = 51476 + .77884E-3(Q) - .27204E-12 (Q2) TC = .50929E-26 +.15563Ed(Q) +.50959E-14($) 

(1.1981)  (.63018)  (-.22356)  (3.4182)  (2.1467) (1.4167) 
F = 10.441,  R2a ='.7207, DF = 5 F = 2.1964  R2a = .3649 

Recirculation D i  scharge 
TC = 877.46 - .12837E-3(Q) + .33003E-12 ($) TC = .73643 - .33449E-5(Q) + .32881E-13 ($) 

(.99015)  (-.35521) (.34967) 
F = 1.327,  R2a = .0377 

Intake 
TC = 1442.2 + .30401E-l(Q) - .26235E-7 

(1.6492) (1.5373) (-1.6276) 
F = 5.011, R2a = .1109, DF = 9 

Recirculation 

(1.8972)  (-2.9851) (2.9802) 
F = 33.272 R2a = .9016 

Metal Fabricating 
1 

Treatment a 
($1 TC = .80954E-1 + .51122E-4(Q) - .60929E-9($) 

(.80937)  (1.9559)  (-1 -3321) 
F = 9.353  R2a = .6042 

Discharge 
I 

TC = .22016E-2  +.14532E-3(Q)  -.46044E-8 ($) TC = .53689E-1 + .46402E-2(Q)  -.33809E-8 ($) 
(. 14092) (20.632) (-12.884) (.35322) (1.3171) (-1 .O987) I 
F = 451.221 , R2a = .9892 F = 3.573  R2a = .2563 

Non Metal l ic  Hinerals I 
Intake . Treatment 
TC = 3186.7 - .41725E-2(Q) + .98751E-8 ($) TC = 850.52 - .14312E-2(Q) + .75239E-9 ($) 

(2.5019)  (-.27442)  (.62436)  (1.4420) . (-.89260) (.a7621 I 
F = 6.067, R2a = .0171, DF = 29 F = 4.716  R2a = .0658 

Recirculation  Discharge 1 
TC = .1236.2 + .17611E-l(Q) + .21187E-7 ($1 TC = 956.72 + .18308E-2(Q) - .37344E-8 ($1 

(.53901) (. 73334) (.87300) (1.5379)  (.16456)  (-2.7778) 
F = 11.681,  R2a = .4571 F = 1.2042 R2a = .OS53 I 
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TABLE 6.1 (Cont i nued) 

Petroleum  Products 

Intake Treatment 
TC = -30638 + .71700E-l(Q) - .10956E-8 ($) TC = 40789 + .92018E-2(Q) - .53011E-l0($) 

(-1.0631)  (3.2522)  (-2.9800) ( 1 .6790) ( .66370) (- -23270) 
F = 83.080 R2a = .9600, DF = 4 F = 65.811 R2a = .9488 

Recirculation Discharge 
TC = .4997 - .54067E-2(Q) + .39027E-9 (92) TC = 17440 + .13264(Q) - .19150E-8 ($) 

(1.4916)  (-1.0844)  (3.1781) (.16120) (.E79211  (-.75334) 
F = 36.702, R2a = .E999 F = 23.664 R2a = .8883 

Chemical s and  Chemical Products 

Intake Treatment 
TC = 3106.3 + .20411E-l(Q) - .59948 ($) TC = 1917.7 + .15501E-2(Q) - .24335E-10 ($) 

(-39759) (6.6280)  (-4.4550) (-80861) (2.2399)  (-1.3977) 
F = 33.429 R2a = .7510, DF = 21 F = 5.349. R2a = .2546 

Recirculation Discharge 
TC = 7685.7 + .53342E-2(Q) + .78066E-9 ($) TC = -3609.8 + .20382E-1 (Q) - .747@E-9 (e) 

(1.0970) (.42470) (.46410) (-.34458) (4.9342) ' (-4.2286) 
F = 6.770, R2a = .3385 F = 10.460 R2a = .5117 

NOTES : 

1. Figures i n  parentheses are t rat ios.  DF means degrees o f  freedom for  the t rat ios.  For 
each estimated  equation, TC represents  total  expenditure  reported  for  that  category  of 
water use  and Q i s  the  total   quant i ty  of  water  used in  that  category. 
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soph is t i ca ted   me thods   o f   genera t i ng   p r i ce   p rox ies   ( such  as using  an 

ins t rumenta l   var iab les   approach) .  

Hav ing   genera ted   t he   p rox ies   f o r   wa te r   use   p r i ces  i t  remains t o  

es t ima te   t he   wa te r   i n take  demand equat ions.  A s  discussed i n  Chapter 

I V ,  t h e  demand f o r   w a t e r   i n t a k e  was modelled  as a f u n c t i o n   o f   t h e  

p r i c e  o f  f n t a k e   w a t e r ,   t h e   p r i c e s   o f   o t h e r   i n p u t s  and t h e   l e v e l   o f  

ou tpu t .  The ' o t h e r   i n p u t s '   i n c l u d e d   i n   o u r   e s t i m a t i o n  model a r e  

o ther   water   uses :   t rea tment ,   rec i rcu la t ion   and  d ischarge.  The 

i n t a k e  demand e q u a t i o n   i s  assumed t o  be  approx imated  by  e i ther  

equat ion  ( 7 )  o r  ( 8 )  i n  Chapter IV. P r e l i m i n a r y   r e s u l t s   u s i n g   t h e  

l i n e a r  dependent   .var iab le- logged  independent   var iab les  form  were 

very   poor   and,   thus ,   th is   equat ion   fo rm was abandoned. As a r e s u l t ,  

t h r e e   e q u a t i o n s   f o r  each i n d u s t r y  were  est imated. These were a l l   o f  

t h e   f o r m   o f   e q u a t i o n  ( 7 )  i n  Chapter IV e x c e p t   d i f f e r e n t   p r i c e  

proxies  were  used i n  each. The f i r s t   e q u a t i o n  used  est imated 

marg ina l   cos t  as t h e   p r i c e   p r o x y   f o r   a l l   f o u r   w a t e r   u s e   c a t e g o r i e s .  

The second  used  estimated  average  cost f o r   t h e   p r i c e   o f   i n t a k e  and 

d ischarge  water   wh i le   us ing  margina.1 c o s t   f o r   t h e   p r i c e  o f  

r e c i r c u l a t i o n  and  treatment. The t h i r d   e q u a t i o n  used t h e  computed 

average  cost  t o   a c t  as p r i c e   f o r   a l l   w a t e r   u s e   c a t e g o r i e s .  All 

equat ions  were  est imated  wi . th OLS techniques  us ing  the  econometr ics  

computer  package SHAZAM (White,  1 9 7 8 ) .  Once es t imated, .   the   th ree  

equa t ions   ( f o r   each   i ndus t r y )   were  compared  and t h e   ' b e s t '   e q u a t i o n  

was chosen f o r   p r e s e n t a t i o n .  The cho ice  was  made on t h e   b a s i s   o f  

t h ' e   f o l l o w i n g   c r i t e r i a :   e q u a t i o n   s t a t i s t i c s ,   s i g n i f i c a n c e   o f  
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c o e f f i c i e n t s  and c o n f o r m i t y   w i t h   e x p e c t a t i o n s   r e g a r d i n g   t h e   s i g n s   o f  

c o e f f i c i e n t s  and e l a s t i c i t y   e s t i m a t e s .  

Table 6.2 p resen ts   t he   es t ima ted   wa te r   i n take  demand e q u a t i o n s   f o r  

t h e   t e n   B r i t i s h  Columbia  manufactur ing  industr ies  under  study . All 
of   the   equat ions   have  the   expec ted   negat ive   s ign  on t h e  own p r i c e  

v a r i a b l e   ( w i t h   t h e   e x c e p t i o n   o f   t h e   C l o t h i n g   i n d u s t r y   w h i c h  has  an 

i n s i g n i f i c a n t   c o e f f i c i e n t )  and a p o s i t i v e   s i g n  on the   ou tpu t -p roxy  

v a r i a b l e .  On t h e   o t h e r  hand, f o r  many e q u a t i o n s ,   t h e   c o e f f i c i e n t s  

on t h e -   p r i c e   o f   t r e a t m e n t  and p r i c e   o f   r e c i r c u l a t i o n   v a r i a b l e s   a r e  

n o t   s i g n i f i c a n t  - due,  perhaps, t o   t h e   r e l a t i v e l y   p o o r   q u a l i t y   o f  

t h e   d a t a   r e l a t i n g   t o   t h e s e   v a r i a b l e s .  The p r i c e  o f  t rea tment  

v a r i a b l e s  has a n e g a t i v e   c o e f f i c i e n t   f o r   t h e  Food, Clothing,  Pulp,  

Me ta l   Fab r i ca t i on ,  and P e t r o l e u m   i n d u s t r i e s   ( i n d i c a t i n g  

complementar i ty  between  intake and t r e a t m e n t )   w h i l e   t h a t   c o e f f i c i e n t  

i s  p o s i t i v e   f o r   t h e   r e s t   o f   t h e   i n d u s t r i e s   ( s u g g e s t i n g  

s u b s t i t u t i b i l i t y ) .  The p r i c e   o f   r e c i r c u l a t i o n   v a r i a b l e  has a 

p o s i t i v e   c o e f f i c i e n t   f o r   a l l   i n d u s t r i e s   e x c e p t   C l o t h i n g ,   M e t a l  

F a b r i c a t i n g ,  a n d   P e t r o l e u m ,   s u g g e s t i n g   t h a t   s u b s t i t u t i b i l i t y   b e t w e e n  

r e c i r c u l a t i o n  and i n t a k e   i s  most common. R a t h e r   s u p r i s i n g l y   o n l y  

f o u r   o f   t h e   t e n   e q u a t i o n s  show the   expec ted   negat ive   s ign  on t h e  

p r i c e   o f   d i s c h a r g e   v a r i a b l e   ( i n d i c a t i n g   c o m p l e m e n t a r i t y ) .  It should 

be  noted,  however, t h a t   f i v e   o f   t h e  s i x  r e p o r t e d   p o s i t i v e  

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

1 

Resu l t s   f o r   t he   M in ing   su rvey   a re   repo r ted   i n   Append ix  A. 
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TABLE 6.2 

j Indust r ia l  Water Intake Oeman 

Food  and Beverages2 

d Fr “ p a  Itions1 

I n  Q = 10.904 - .48009 (AC1) - 3.0644 (W2) + 3.5869 (MC3) - .42352E-1  (AC4) + .14458E-5 (THR) 
(3.8667) (-4.7954)  (-.82336) ( .97424) (-1 .5883) (5.1312) 

F = 812.509 SEE = 1.7039 R2a = .4864 DF = 95 

Clothing. Rubber  and Texti les 

I n  Q = 14.566 + 76.785 (Kl) - 6.3622 (K2)  - 2.0972 (K3)  + .16558 (K4)  + .21838E-5  (THR) 
(1.3875) ( .74779)  (-1.7349) ( .95763)  (.47725)  (.69157) 

F = 163.612 SEE = 1.5836  R2a = .5233 DF = 24 

Paper  and A l l i ed  Products’ 

I n  Q = 9.3484 - .17509 (AC1) - 86.932 (K2)  + 87.125 (K3)  - .18446E-l (AC4) + .10254E-5 (THR) 
(21.915)  (-3.6324)  (-.38012) ( .38096) (-. 93462)  (3.7690) 

F = 374.488 SEE = 2.0105  R2a = .3958 OF = 71 

Wood Products 

I n  Q = 13.402 - 5.0536  (AC81) + 20.978 (ACB2) + 59.499 (ACB3)  +.45472  (ACB4) + .47547E-6 (THR) 
(15.145) (-2.8169) (1 .4O26) (.51966) ( 1  .3383) (3.0977) 

F = 136.018 SEE = 2.8218 R2a = .SO27 DF = 22 

Primary  Hetals 

I n  Q = 8.9801 -.12682 (ACBl) +.48719E+6  (ACB2) + 38.280 (ACB3) - 2889.O(ACB4)  +.30855E-6 (THR) 
(5.9351) (-.26996) ( 1  .4508)  (1.0137) (- .27890)  (2.8868) 

F = 29.702 SEE = 2.8020 R2a = .6913 D F = 3  

Transportation Equipment 

I n  Q = 10.740 - 7.1411 (ACB1) + 7.032  (ACB2) + 27.048  (ACB3) + 5.6620  (ACB4) + .19329E-6 (THR) 
(9.3007)  (-2.9631)  (.31718) . (.60184)  (.28701) ( .70983) 

F = 78.931 SEE = 1.7185  R2a = .5351 D F = 7  

tletal  Fabricating 

I n  Q = 7.6426  -.23489  (ACB1) - 10277.(ACB2) - 60783.(ACB3) +.53044E + 6(ACB4)  +.20136E-5 (THR) 
(16.186)  (-2.4000)  (-1.3522) (- 1 .5445) (2.20411)  (2.9041) 

F = 116.006 SEE = 1.4525  R2a = .6164 DF = 12 

Non Metal l ic  Hineral 

I n  Q = 12.325  -..15513 (AC1) + 2136.0 (K2)  + 31.894 (K3)  - .18568  (AC4) + .50680E-6 (THR) 
(8.3766)  (-3.2559)  (2.4855)  (1.2614) (-2.5645) (1.4165) 

F = 360.894 SEE = 1.4935  R2a = .5279 DF = 45 

. .  . 
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TABLE 6.2  (Continued) 

Petroleum  Products 

In Q = 15.001 - 60.732  (AC81) - 36.497  (ACB2) - 8.5602  (ACB3) + 6.8689  (AC84) + .12706E-S(THR) 
(6.2775)-  (-6.8190) (-.85816)  (-2.8140) (51402) (.84631) 

F = 47.131 SEE = 2.2806  R2a = .@SO D F = l  

Chemicals  and  Chemical  Products 

In Q = 5.5145 - .lo544  (ACI) + 1122.3 (K2) + 258.10  (MC3) + .15577E-1  (AC4) + .90620E-S(THR) 
(1.8762)  (-2.4537) ( .66 794) (1 .3639) (1.0177) (4.5409) 

F = 177 

E: 

1. For  each  industry 

657  SEE = 1.9652  R2a = .6708 DF = 34 

three  equations  were  estimated  (see  the  text  for  further  discussion) 
and  the  'best'  equation (in terms  of  statistical  significance) is. reported  here. 
Figures in parentheses are t ratios. The following is a list of variable. definitions: 

- $  

Q = quantity of intake  water 
MCl = estimated  marginal  cost of  intake 
ACl = estimated  average  cost  of  intake 
ACBl = canputed  average  cost  of  intake 
HC2 = estimated marginal cost  of  treatment 
Am2 = computed  average  cost  of  treatment 

ACB3 = computed  average  cost  of  recirculation 
HC4 = estimated  marginal  cost  of  discharge 
AC4 = estimated  average  cost  of  discharge 
ACE4 = canputed  average  cost  of  discharge 
THR = total  enployee  hours 

, '  HC3 = estimated  marginal  cost  of  recirculation 

All of  the  estimated  equations  are  of  the  logged  dependent  variable - linear  independent 
variables  form.  Reported  below  each  equation  are  the  estimation  statistics: F ratio 
(to  test  the  hypothesis  that  all  estimated  coefficients  are  not  statistically  different 
fran  zero),  standard  error  of  the  estimate  (SEE),  adjusted R2 and the  degrees  of  freedom 
for  the t ratios (DF). 

2. All equations  were  tested  for  homogeneity  of  degree  zero in prices  (i.e. that the 
coefficients  on  the  price  variables sum to  zero).  Only  the  equations  for  Food  and  Pulp 
failed  the  test.  These  were  then  reestimated with homogeneity  irrposed  as a  restriction. 

. .. 
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t h e  .05 per   cen t   l eve l .   Fu r the r   d i scuss ion  o f  t h e   r e l a t i o n s h i p s  

between  intake  and  other  water  uses i s  d e l a y e d   u n t i l   t h e   e s t i m a t e d  

e l a s t i c i t i e s   a r e   p r e s e n t e d   i n   T a b l e  6.3. 

I t  i s  i n t e r e s t i n g   t o   n o t e   t h a t  each o f   t he   t h ree   equa t ion   f o rms  

appears a t   l e a s t  once. The fo rm  us ing  computed  average  cost was 

chosen   mos t   o f ten   ( f i ve   t imes ) ,   wh i l e   t he   equa t ion   us ing   es t ima ted  

average  cost  was chosen  four  t imes. The equat ion   us ing   es t imated  

marg ina l   cos t   as   t he   p r i ce   p roxy  was chosen  only  once. Thus, when 

the   two  fo rms  o f   average  cos t   p rox ies   a re   taken  together ,  i t  i s  seen 

f rom  Table 6 . 2  t ha t   t he   ave rage   cos t   p roxy   appears   t o   p rov ide  

super io r   exp lanatory   power   than  the   marg ina l   cos t   p roxy  i n  n i n e  

cases  out o f  ten.  

All o f  t he   equa t ions   have   re la t i ve l y  good s t a t i s t i c s   c o n s l d e r i n g   t h e  

q u a l i t y   o f   t h e   r e s p o n s e s  and t h e   c r o s s - s e c t i o n a l   n a t u r e   o f   t h e   d a t a  

se t .   Ad jus ted  R2 values  range  f rom 0.39 ( P u l p )   t o  0.69 (Pr imary 

Meta ls ) .   Th is   suggests   tha t   the  demand equa t ion   mode ls   a re   ab le   t o  

exp la in   be tween   fo r t y  and   seven ty   pe r   cen t   o f   t he   va r ia t i on   o f   wa te r  

use,  depending  on  the  industry.  I n   a d d i t i o n ,   a l l   e q u a t i o n s  have 

h i g h  F r a t i o   v a l u e s ,   i m p l y i n g   r e j e c t i o n   o f   t h e   n u l l   h y p o t h e s i s   t h a t  

t h e   e s t i m a t e d   c o e f f i c i e n t s   i n  a n y   e q u a t i o n   a r e   a l l   z e r o .  Each 

equat ion  was t e s t e d   f o r  homogeneity o f   d e g r e e   z e r o   I n   p r i c e s .   T h i s  

was done by   t es t i ng   whe the r   t he  sum o f  t h e   p r i c e   v a r i a b l e s '  

c o e f f i c i e n t s   e q u a l l e d   z e r o .  All equat ions  except  Food and  Pulp 

passed   the   t es t .  These  equat ions  were  then  reest imated  wi th   the 

, 
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homogeneity r e s t r i c t i o n  imposed. It i s  t h e   r e s t r i c t e d   v e r s i o n   f o r  

those  two  indus t r ies   wh ich  i s  r e p o r t e d   i n   T a b l e  6.2. 

As i n d i c a t e d   i n   C h a p t e r  IV, one o f   t h e  most  important  economic 

s t a t i s t i c s   g e n e r a t e d  by appl ied  work i s  t h e   p r i c e   e l a s t i c i t y .  By 

c o n c e n t r a t i n g  on e l a s t i c i t i e s  one can make comparisons  across 

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

o r   u n i t s   o f  measurement.  Table 6.3 p resen ts   es t ima tes   o f  

e l a s t i c i t i e s  (computed a t   t h e  mean o f   t h e   d a t a   i n  each  case)  from 

the  regress ion  equat ions  presented i n  Table 6 . 2 .  

Table 6.3 p resen ts   t he  own p r i c e  and o u t p u t   e l a s t i c i t i e s   o f   . w a t e r  

i n t a k e  ( E I I  and E r e s p e c t i v e l y )  and t h e   c r o s s - p r i c e   e l a s t i c i t i e s  

o f   i n t a k e   w a t e r   w i t h   r e s p e c t   t o   t r e a t m e n t ,   r e c i r c u l a t i o n  and 

d ischarge ( EIT, EIR and EID' r e s p e c t i v e l y ) .  All of   t he  own p r i c e  

e l a s t i c i t i e s   a r e   n e g a t i v e   w h i l e   o n l y   P e t r o l e u m ,   C l o t h i n g ,  and 

T r a n s p o r t a t i o n   a r e   g r e a t e r   t h a n  one ( i n   a b s o l u t e   v a l u e ) .  

I n t e r e s t i n g l y ,   t h e   ' b i g   f o u r '   w a t e r   u s e r s   ( C h e m i c a l s ,   P r i m a r y  

Meta ls ,   Pu lp   and  Pet ro leum)   have  qu i te   ine las t i c   in take  demands, 

w i th   on l y   Pe t ro leum  hav ing  an e l a s t i c i t y   g r e a t e r   t h a n  a h a l f .   T h i s  

i n d i c a t e s   t h a t   t h e   ' b i g   f o u r '   w a t e r   u s e r s   h a v e   i n t a k e  demands which 

a r e   n o t   v e r y   s e n s i t i v e   t o  changes i n   w a t e r ' s   p r i c e .  

IO' 

The c r o s s - p r i c e   e l a s t i c i t i e s  show no   genera l   pa t te rns .   F i ve  

i n d u s t r i e s   i n d i c a t e   s u b s t i t u t i b i l i t y  between i n t a k e  and  t reatment 

and f i v e  show complementar i ty.   This i s   a l s o   t r u e   f o r   t h e  

. -  , . . , . .. .. . 
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TABLE 6.3 

I n d u s t r y  

Food & 
Beverages 

C1-othing , 
Rubber, 
Tex t  i l e s  

Paper & A l l i e d  
Products 

Wood Products 

Petro leum 

NOTES : 

1. 

I n d u s t r i a l  Water Demands i n   B r i t i s h  Columbia: 
E s t i m a t e d   P r i c e   a n d   O u t p u t   E l a s t i c i t i e s 1  

Es t imated 
E l a s t i c i t y   I n d u s t r y  

Est imated 
E l a s t i c i t y  

E 1  I -0.351  08  Primary  Metals E11 -0.01  1698 
E I T  -1 9.830 E I T  0.57415 
EIR -0.65304 EIR 0.34545 
E I D  -0.85645E-1 EID -0.10890 
E10 0.36706 E10 1.9563 

E 1  I -1 .5401 T ranspor ta t ton  E 1 1  -1  .2134 
E I T  0.2479 E I T  0.19195 
EIR -0.74773 EIR 0.17647 
E I D  -3.9709 EID 0.20538 
E10 0.33229 E10 0.63852E-1 

E 1  I -0.38536 Meta l  E 1  I -0.23356 
E I T  -2.8119 F a b r i c a t i n g  E I T  -0.26202 
EIR -1 .1593 EIR -0.82756 
E I D  -0.81 358E-1 EID -1  .0222 
E10 0.34517 E10 1.4784 

E 1  I -0.781  70 Non M e t a l l i c  E 1  I -0.25277 
E I T  0.35960 M ine ra l  s E I T  -2.92782 
EIR 0.10624 EIR 0.66507 
E I D  0.19560 EID -0.351  81 
E10 1.6487 E10 0.13606 

E 1  I -1 .7937  Chemicals & E 1  I -0.29466 
E I T  -1 .5794  Chemical E I T  1.6175 
EIR -0.33963  Products EIR 1.1726 
E 1  D -0.99891 E I D  -0.13401 
E10  2.3529 E10 1  .a586 

F o r   e a c h   i n d u s t r y ,   t h i s   t a b l e   r e p o r t s   f i v e   e s t i m a t e d   e l a s t i c i t i e s  
( c o m p u t e d   f r o m   t h e   r e g r e s s i o n   c o e f f i c i e n t s   r e p o r t e d   i n   T a b l e   6 . 2 )  
c a l c u l a t e d   a t   t h e  means o f   t he   da ta   se t . .  The f o l l o w i n g   e l a s t i c i t i e s   a r e  
repor ted :  

E 1 1  = t h e  own p r i c e   e l a s t i c i t y  o f  i n t a k e   w a t e r  1 
EIR = t h e   c r o s s   p r i c e   e l a s t i c i t y   o f   i n t a k e   w a t e r   a n d   r e c i r c u l a t i o n  
EIT = t h e   c r o s s   p r i c e   e l a s t i c i t y .   o f   i n t a k e   w a t e r  and t rea tment  
EID = t h e   c r o s s   p r i c e   e l a s t i c i t y   o f   i n t a k e   w a t e r  and d ischarge 
E10 = t h e   o u t p u t   e l a s t i c i t y  o f  i n t a k e   w a t e r .  

All o f  t h e s e   t e r m s   a r e   d e f i n e d   i n   C h a p t e r  IV o f   t h i s   r e p o r t .  I 
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r e l a t i o n s h i p  between r e c i r c u l a t i o n  and i n t a k e .   T h e .   l a t t e r  

observa t ion  i s  somewhat s u p r i s i n g  as i t  was expected  most   indust r ies 

w o u l d   e x h i b i t  an a b i l i t y   t o   s u b s t i t u t e   r e c i r c u l a t i o n   f o r   w a t e r  

i n t a k e .  I f  'some o f   t h e   m a j o r   w a t e r   u s e r s   ( f o r  example,  Pulp  and 

Pe t ro leum)   v iew   rec i r cu la t i on  and i n t a k e  as  complements ra the r   t han  

s u b s t i t u t e s   t h e n  some o t h e r  methods will have t o  be  found t o  

encourage  decreased  water   use  o ther   than  increased  re l iance  on 

r e c i r c u l a t i o n .  

. I .  

Most indus t r ies   d isp lay   complementar i t y   be tween  d ischarge and 

i n t a k e ,  a s  was expected.   Th is   seemingly   s t ra ight forward 

r e l a t i o n s h i p ,  however, may be compl icated  by some firms' use o f  

i n t a k e   w a t e r   t o   d i l u t e   w a s t e w a t e r   c o n c e n t r a t i o n s .   T h i s   m i g h t   b e  

done i f  sewer  charges  were a f u n c t i o n   n o t   o n l y   o f   q u a n t i t y   o f  

was tewa te r   bu t   a l so   t he   concen t ra t i on   o f   was tes   ( c f .  Sims, 1981). 

The own o u t p u t   e l a s t i c i t i e s   a r e   v e r y   i n t e r e s t i n g .  All output  

e l a s t i c i t i e s   a r e   p o s i t i v e  and some a r e   q u i t e   l a r g e   ( i n d e e d ,   f o r   t h e  

' b i g   f o u r '   w a t e r   u s i n g   g r o u p   t h e   a v e r a g e   o u t p u t   e l a s t i c i t y  i s  

a p p r o x i m a t e l y   1 . 6 ) .   T h i s   p a r t i c u l a r   s e t   o f   r e s u l t s   i s   n o t  

reassur ing ;  i t  w o u l d   i n d i c a t e   t h a t   f u t u r e   g r o w t h   i n   m a n u f a c t u r i n g  

will i m p l y   s u b s t a n t i a l   i n c r e a s e s   i n  demands f o r   i n t a k e   w a t e r .  

C . Summary 

T h i s   c h a p t e r   h a s   p r e s e n t e d   t h e   r e s u l t s   o f   t h e   f i r s t   r o u n d   o f  

es t ima t ion   o f   wa te r   i n take  demands f o r   B r i t i s h  Columbia 

- .  - .  . - . . . . . . . . - I  
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manufac tur ing   indus t r ies .   There  i s  ample  evidence o f  t h e   p r i c e  

respons iveness   o f   in take   water  and f o r   t h e   p o s s i b i l i t y   o f  

s u b s t i t u t i n g  among i n t a k e ,   r e c i r c u l a t i o n  and  treatment i n  some 

i n d u s t r i e s .   T h e r e   i s   a l s o ,  however ,   ev idence   o f   t he   l im i ta t i ons  

t h a t   r e c i r c u l a t i o n   f a c e s  as a s o l u t l o n   t o   t h e   w a t e r   s h o r t a g e  

problem.  This i s  an   impor tan t   and   po ten t i a l l y   t roub lesome  f i nd ing ;  

as i s   t h e   a v e r a g e   m a g n i t u d e   o f   o u t p u t   e l a s t i c i t i e s  among t h e   ' b i g  

fou r '   wa te r   use rs .  

I t  mer i t s   repea t ing   t ha t   t hese   resu l t s   shou l ' d  be  viewed  as  being 

p r e l i m i n a r y .  More sophis t icated  econometr ic   methods  are  feas ib le  

and could  be  used i n   f u t u r e   s t u d i e s .  I t i s  a l s o   p o s s i b l e   t o  

fo rmula te  a model  which  considers  the demand f o r   w a t e r  as p a r t  o f  a 

system o f  i n t e r r e l a t e d  demand equat ions.  The o p t i m a l   l e v e l s  o f  

i n t a k e ,   t r e a t m e n t ,   r e c i r c u l a t i o n  and discharge  could  then  be 

es t ima ted   s imu l taneous ly   f o r   t he   B r i t i sh   Co lumb ia   manu fac tu r ing  

i n d u s t r y   i n   o r d e r   t o   g e t  an  understanding o f  t h e   i n t e r r e l a t i o n s h i p s  

between  water  use  and  other  inputs. An impor tant   concern i n  these 

t ypes   o f   s tud ies   wou ld  be t h e   d e f i n i t i o n  and g e n e r a t i o n   o f   p r i c e  

v a r i a b l e s .  

. ... 

1 
I 
1 
I 
I 
I 
1 
I 
I 
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CHAPTER VI1 

INDUSTRIAL VALUATION OF WATER 

A. I n t r o d u c t i o n  

B r i t i s h  Columbla  manufactur ing  industr ies  use  very  large  amounts  of  

water  each  year.  But a quest ion  which needs answering i s ,  what 

va lue does  each i n d u s t r y   p u t  on i t s  wa te r   i n take?  More i m p o r t a n t l y  

i n   t h e o r y ,   o r   , i n   p r a c t i c e ,   c a n   w h a t  a firm o r   a n   i n d u s t r y   i s   w i l l i n g  

t o  pay f o r   w a t e r  be  measured?’ It t u r n s   o u t   t h a t   t h e  answer i s  a 

t e n t a t i v e   ‘ y e s ’ .  Economic theory   p rov ides   the   f ramework   w i th in  

w h i c h   t h e   i n d u s t r i a l   v a l u a t i o n   o f   w a t e r  may be  est imated  and  the 

d a t a   a v a i l a b l e   f r o m   t h e   I n d u s t r i a l  Water Use S u r v e y   a l l o w s   I n i t i a l  

e s t i m a t e s   t o  be  generated. 

B. I ndus t r i a l   Va lua t i on   o f   Wate r :   Theory  

How h i g h l y  Canadian  manufacturing f i r m s  v a l u e   t h e i r   u s e   o f   w a t e r   i s  

la rge ly   an   unexp lored   i ssue.  However,  as t h e   p o s s i b i l i t y   o f   f u t u r e  

reg iona l   wa te r   sho r tages   i nc reases ,   t he   re la t i ve   va lua t i on  o f  water  

by a l l   i n d u s t r i e s  will become more  and  more r e l e v a n t .  I f  s o c i e t y  i s  

t o   d e r i v e   t h e  maximal b e n e f i t s   f r o m   t h e  use o f   w a t e r   a v a i l a b l e   t o  

it, a n   i m p o r t a n t   c o n s i d e r a t i o n   i n   t h e   a p p o r t i o n m e n t   o f   s c a r c e   w a t e r  

supp l ies  will be the   es t ima ted   re la t i ve   va lue   o f   compe t ing   use rs .  

To an  economist ,   the  value  of  a commodity i s  approximated  by 
de te rm in ing   t he  maximum amount t h a t   i n d i v i d u a l s   ( o r  f i r m s )  would be 
w i l l i n g   t o  pay f o r   t h e   r i g h t   t o  use it. 
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I n   a d d i t i o n ,   i n   o r d e r   t o   e v a l u a t e  .a proposed  water- re la ted  publ ic  

works (a   s to rage  dam, f o r  example) i t  i s  o f t e n   n e c e s s a r y   t o  have  an 

e s t i m a t e   f o r  how  much users will value  an  increase i n   r e l i a b l e   w a t e r  

supply .  A f u r t h e r   i s s u e   w h i c h   r e q u i r e s  an  understanding  o f   the 

v a l u a t i o n  o f  w a t e r  use i s  t h e  ques t ion  o f  domest ic  water t r a n s f e r s  

and water  exports.   Presumably,   any  decis ion  on  whether  to  export  

water  will depend, i n t e r   a l i a ,  on a comparison o f   t h e   b e n e f i t s  

der ived   f rom  the   water   wh ich  i s  be ing   cons ide red   f o r   expo r t  i f  i t  

remains i n  Canada and  whatever  compensation Canada i s  t o   r e c e i v e   f o r  

the   expor ted   water .  The former will be  based i n   p a r t  on t h e  

exp ressed   va lua t i ons   o f   cu r ren t   wa te r   use rs .   Bu t  how a re   t hese  

v a l u a t i o n s   t o  be  est imated? 

I n  Chapter 2 some o f  t h e   a l t e r n a t i v e  methods o f  c o m p u t i n g   i n d u s t r i a l  

w i l l i n g n e s s   t o  pay f o r   w a t e r  were o u t l i n e d   ( h e r e i n   t h e   p h r a s e  

' w i l l i n g n e s s   t o   p a y '  will be  replaced  by WTP). I n   t h a t   c h a p t e r   t h e  

best   economic  proxy  o f   the firm's WTP f o r  a n   a d d i t i o n a l   u n i t   o f  any 

i n p u t  was i d e n t i f i e d   t o  be t h a t   i n p u t ' s   c o n t r i b u t i o n   t o   t h e   f i r m ' s  

p r o f i t s .   I n   t h i s   s e c t i o n   t h a t   a s s e r t i o n  will be 

' m e c h a n i c s '   o f   e s t i m a t i n g   i n d u s t r i a l  WTP f o r   w a t e r  

How much should a firm pay f o r  a u n i t   o f   w a t e r ?  

j u s t i f i e d  and t h e  

will be  discussed. 

Suppose t h e  firm 

knew t h a t   u s i n g  one  more cubic   metre o f  water  would  add one d o l l a r  

t o  i t s  t o t a l   p r o f i t s .  Then, a firm should  not  pay  more  than one 

d o l l a r   f o r   t h a t   u n i t   o f   w a t e r   f o r  i f  i t  d l d  i t  would  be  decreasing 

i t s  t o t a l   p r o f i t .  On t h e   o t h e r  hand i f  t h e  firm pays l ess   t han  one 
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d o l l a r  i t  will be  adding t o  i t s  t o t a l   p r o f i t s .  However, i f  t h e  firm 

I s  pay ing ,   fo r   example ,   e igh ty .   cen ts   fo r  i t s  l a s t   u n i t   o f   w a t e r  and 

earn ing  a d o l l a r   o f   p r o f i t  (assuming a l l   o t h e r   f a c t o r s   o f , p r o d u c t i o n  

a r e   p a i d   t h e i r   o p p o r t u n i t y   c o s t   p r i c e )  i s  i t  d o i n g   t h e   b e s t  i t  can? 

No,  i t  i s   n o t .  The firm cou ld   i nc rease   p ro f i t s   by   expand ing  i t s  

water   use  untSl   the  pr ic ,e  i t  pays j u s t   e q u a l s   i t s   ' i n c r e m e n t a l  

c o n t r i b u t i o n  t o  p r o f i t s .  Only  then will t h e  firm be i n   e q u i l i b r i u m  

w i t h   r e s p e c t   t o   w a t e r  use. 

Economists  usual ly assume t h a t   f i r m s   u n d e r t a k e   s o m e t h i n g   l i k e   t h e  

dec i s ion   mak ing   ou t l i ned   i n   t he   p rev ious   pa rag raph .  A s  a r e s u l t  

t h e y   c a n   s t a t e   t h a t   t h e  maximum amount a firm should  be will i n g   t o  

pay i s  t h e   v a l u e   i n   d o l l a r   t e r m s   o f   a n   i n p u t ' s   i n c r e m e n t a l  

c o n t r i b u t i o n   t o   p r o f i t .  

The a c t u a l  amount a firm i s   w i l l i n g   t o  pay f o r  an  input  can  be 

s u r m i s e d   b y   r e f e r r i n g   t o   t h e   f i r m ' s  demand c u r v e   f o r   t h a t   i n p u t .  

Fo r   any   quan t i t y   o f   t he   i npu t ,   t he   he igh t   o f   t he  demand curve 

( h o l d i n g   t h e   q u a n t i t i e s   o f   a l l   o t h e r   i n p u t s   c o n s t a n t )   g i v e s   t h e   p e r  

u n i t   g r o s s  WTP. I f  t h e  demand curve i s   i n t e g r a t e d  (i .e. f i n d   t h e  

area  under  the demand cu rve )   t hen   an   es t ima te   o f   t he   t o ta l   g ross  WTP 

f o r   t h a t   q u a n t i t y   o f   i n p u t   i s   d e r i v e d .   F i n a l l y  i f  t h e   p e r   u n i t  WTP 

and t h e   p r i c e   a c t u a l l y   p a i d   f o r   t h e   i n p u t   i s  compared t h e n   t h e  

d i f f e r e n c e   r e p r e s e n t s   t h e   n e t   c o n t r i b u t i o n   t o   p r o f i t s   o r   t h e   n e t   p e r  

u n i t  WTP. O f  c o u r s e ,   f o r   t h e   e q u i l i b r i u m   q u a n t i t y   o f   t h e   i n p u t  

(1 .e.   where  the  supply   curve  in tersects   the demand c u r v e   f o r   t h a t  

- .  
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i n p u t )   t h e   g r o s s   p e r   u n i t  WTP i s  j u s t   e q u a l   t o   t h e   p r i c e   c h a r g e d  

and, as a r e s u l t ,   p e r   u n i t   n e t  WTP i s  equal t o  zero. I f  a l l   t h e   p e r  

u n i t   n e t  WTP generated  by  the  use  of   an  input  can  be  added  up2  then 

an e s t i m a t e   o f   t o t a l   n e t   b e n e f i t   o c c u r r i n g   t o   t h e  firm through  use 

o f   t h a t   i n p u t   i s   a v a i l a b l e .  

C.  I ndus t r i a l   Va lua t i on   o f   Wate r :   Ev idence  

The prev ious   sec t ion   d iscussed  the  economic theo ry   beh ind   t he  

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

s tudy ' s   es t ima tes   o f   t he .   va lua t i on   by   B r i t i sh   Co lumb ia   manu fac tu r ing  

i n d u s t r i e s   o f   w a t e r   i n t a k e .  

Table.  7.1 p r e s e n t s   g r o s s   a n d   n e t   w i l l i n g n e s s   t o   p a y   f i g u r e s   f o r   t h e  

t e n   B r i t i s h  Columbia i n d u s t r i a l   g r o u p s .  The methods  employed t o  

ob ta in   t hese   es t ima tes   a re   desc r ibed   i n   no tes   t o   t he   Tab le .   The re  

a r e   s e v e r a l   i n t e r e s t i n g   f e a t u r e s   c o n t a i n e d   i n   t h i s   T a b l e .   F i r s t ,  i f  

the   g ross  WTP f i g u r e s   a r e  compared t o   t h e   t o t a l   i n t a k e   e x p e n d i t u r e s  

r e p o r t e d   i n   T a b l e  5.2 then i t  can  be  seen t h a t   t h e   e s t i m a t e d   g r o s s  

WTP i s  g r e a t e r   t h a n   r e p o r t e d   i n t a k e   e x p e n d i t u r e s   f o r   a l l   i n d u s t r i e s  

except   the   Pu lp  and  Paper i n d u s t r y .  Second, no te   t ha t   t he   ave rage  

n e t  WTP a r e   a l l   s u b s t a n t i a l l y   l e s s   t h a n   t h e   a v e r a g e   g r o s s  WTP. Only 

i n   t h e  cases o f   t h e   P u l p  and  Chemicals   indust r ies  are  the  average 

n e t  WTP g rea te r   t han   t en   pe r   cen t   o f   t he   ave rage   g ross  WTP. Th i rd ,  

Th is   requ i res   i n teg ra t i ng   t he   a rea   under   t he  demand curve  but  above 
t h e   e q u i l i b r i u m   p r i c e   ( f o r  a s i n g l e   e q u i l i b r i u m   p r i c e )   o r   t h e   a r e a  
between  the demand and  supp ly   curves   ( fo r  a b l o c k - r a t e   p r i c i n g  
s t r u c t u r e ) .  
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TABLE 7.1 

Industrial  Water  Demands in British  Columbia: 
Estimated  Gross  and  Net  Willingness  to  Pay 

Total  Gross1 Average  Gross1 Total  Net3 Average  Net4 
WTP WTP WTP WTP 

(million$) ( $/m3)  (million$)  ($/m3) 

- 1981 dollars - 

Food & Beverages  89.503 
Clothing,  Rubber 
and  Text 1 1  es 5 - 

Wood  Products  107.944 
Paper & Allied  Products  0.156 
Primary  Metals  50.944 
Metal  Fabricating 4.219 

Transportatlon  Equipment 0.911 
Non Metallic  Minerals  11.197 
Petroleum  Products  132.369 
Chemicals & Chemical 
Products  20.535 

2.583 

- 

1.735 
0.009 
0.045 
1.776 
0.585 
2.184 
2.001 

0.255 

1.648 

- 

1.021 
0.046 
0.999 
0.036 

0,009 
0.158 
0.110 

2.754 

0.0476 

- 

0.0164 
0.002 
0.0009 
0.023 

0.004 
0.031 
0.017 

0.034 

NOTES: 

1. Computed  as  the  area  beneath  the  industry  water  intake  demand  curve  for 
quantities  less  than  the  estimated  equilibrium  water  intake  quantity. 

2. Obtained by dividing  total  gross  WTP by total  water  intake. 

3. Computed  as  the  area  between  the  industry  water  intake  demand  curve  and 
the  estimated  water  supply-price  curve  for  quantities  less  than  the 
estimated  equilibrium  water  intake  quantity. 

4. Obtained in the  same  manner  as  average  gross  WTP. 

5. Not  calculated  because  of  the  poor  quality  of  the  estimated  water  intake 
demand  curve. 
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t h e r e  i s  a s i g n i f i c a n t   d i v e r s i t y   i n   t h e  a v e r a g e   n e t   w i l l i n g n e s s   t o  

pay .   No t   su rp r i s ing l y   t he  Food  and Beverage i n d u s t r y  has t h e  

h i g h e s t   p e r   u n i t   n e t   v a l u a t i o n  and the   P r imary   Me ta l s   i ndus t r y   ( t he  

p r o v i n c e ' s   l a r g e s t   w a t e r   u s e r )  has the   l owes t .  

The r e s u l t s   r e p o r t e d   i n   T a b l e  7.1 may be  compared t o   t h e   o n l y   o t h e r  

repo r ted   sou rce   o f   i ndus t r i a l   wa te r   va lua t i on   f i gu res .   Us ing  

f i g u r e s   f r o m   t h e  Young and  Gray  study  (1972) , Mul le r   (1985)   repor ts  

t h e   f o l l o w i n g   a v e r a g e   n e t  WTP f o r   v a r i o u s   i n d u s t r i e s   ( t h e s e  

va lua t ions   were  assumed t o  be t h e  same across  Canada): Food  and 

Beverage,  $123.65 /1000m ; Chemical  Products,  $75.92 /1000m ; and 3 3 

Pulp  and  Paper,  $86.74 /1.000m . All t h e   v a l u e s   a r e   e x p r e s s e d   i n  

1984 d o l l a r s .  Even a f t e r   a l l o w i n g   f o r   i n f l a t i o n   ( i . e .   t h i s   s t u d y l s  

d o l l a r   f i g u r e s   a r e  1981 d o l l a r s   w h i l e   M u l l e r ' s   a r e   e x p r e s s e d   i n  1984 

d o l l a r s )   a l l   t h e   e s t i m a t e d  WTP f o r   B r i t i s h   C o l u m b i a ' s   m a n u f a c t u r i n g  

i ndus t r i es   a re   l ess   t han   t hose   repo r ted   by   Mu l l e r3  - a l though   the  

t w o   e s t i m a t e s   f o r   t h e   P e t r o l e u m   i n d u s t r y   a r e   q u i t e   c l o s e   t h i s  

s t u d y ' s   e s t i m a t e   i s  $17.00 /1000m3 ( 1 9 8 1   d o l l a r s )   w h i l e   M u l l e r ' s  I s  

$18.55 /1000m3 (1984   do l l a rs ) .  

3 

There i s  a reason why t h i s   s t u d y ' s  WTP es t imates   a re   lower   than 
M u l l e r ' s .  The M u l l e r   e s t i m a t e s   a r e   n o t   r e a l l y  WTP va lues   bu t   a re  
eng ineer ing   es t imates  o f  t h e   c o s t   o f   r e c i r c u l a t i n g   w a t e r   i n   e a c h  
indus t r y   ( t hese   es t ima tes   a re  computed i n   t h e  Young and  Gray  (1972) 
s tudy) .  The l o g i c   i n   u s i n g   t h e   c o s t   o f   r e c i r c u l a t i o n  as a p r o x y   f o r  
WTP i s   t h a t   r e c i r c u l a t i o n   i s   o f t e n   t h e   c l o s e s t   s u b s t i t u t e   t o  
inc reased  in take .  However a more  complete  modeling  of  each 
indus t r y ' s   t echno logy  - one w h i c h   a l l o w s   f o r   t h e   s u b s t i t u t i o n   o f  
l a b o u r   o r   c a p i t a l   f o r   i n t a k e   w a t e r ,   f o r  example - i s  necessary t o  
determine  what i s  i ndeed   the   l owes t   cos t   subs t i t u te   f o r   i n take  
water .  The present   s tudy   cons iders  a s l i g h t l y  more  general  model  of 
water   use  than  d id   Grey  and Young (1972)  and,  as a r e s u l t ,  has 
est imated  lower  WTP values  because i t  considers a w ider   range  o f  
p o s s i b l e   s u b s t i t u t e s   t o   i n t a k e   w a t e r .  

I 
I 
I 
I 
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Much more  work i s  needed  on t h e   t o p i c   o f   i n d u s t r i a l   v a l u a t i o n   o f  

water  use. The resdl ts   presented  here, '  ' i f  i n d i c a t i v e   o f   t h e  

bene f i t s   de r i ved   f rom  i ndus t r i a l   wa te r   use   t h roughou t  Canada, 

s u g g e s t   t h a t   v e r y   l i t t l e   n e t   b e n e f i t   a c c r u e s   t o   m a n u f a c t u r i n g  

i n d u s t r i e s   ( a n d ,   i n   t u r n ,   t o  Canadian  society)   f rom  water  use . 
This  i s  a l m o s t   c e r t a i n l y   r e l a t e d   t o   t h e   f a c t   t h a t   s i n c e  most 

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

4 

in take  water ,   they  have  expanded  the i r   water   use  ( thereby 

s u b s t i t u t i n g  away f r o m   r e l a t i v e l y  more  expensive  labour  and  capi ta l  

i n p u t s )   t o   t h e   p o i n t  where ' l i t t l e   n e t   b e n e f i t   i s  ea rned   f rom  the i r  

water   wi thdrawals .   Future  s tud ies  would  prov ide new (and   hope fu l l y  

improved)   parameter   est imates  wi th   which  more  accurate  Indust r ia l  

va lua t i on   es t ima tes   cou ld  be  generated. 

1 :  
I 
I 

It i s  p o s s i b l e   t h a t   t h e  method o f   es t ima ted  demand equat ions  b iases 
t h e  WTP e s t i m a t e s   t o   u n d e r e s t i m a t e   t h e   t r u e   i n d u s t r i a l   v a l u a t i o n   o f  
water.  Demand curves   were   es t imated   us ing   observa t ions   p r imar i l y  
drawn  f rom  large  water   users.  A s  a r e s u l t   t h e   e s t i m a t e d  demand 
curves may appear ' . f l a t t e r '   t h a n   t h e y   w o u l d  i f  more obse rva t i ons   o f  
smal l   water  using  f i rms  were  used. I f  the'   est imated demand curves . 
a r e ,   i n d e e d ,   t o o   f l a t   f o r   s m a l l   q u a n t i t i e s   o f   w a t e r   i n t a k e   t h e n  
i n d u s t r i a l  WTP cou ld  be  underestimated. 

I 
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CHAPTER IIX 

CONCLUSIONS 

I I n d u s t r i a l   w a t e r  demands have  not  received much study.  Those s tud ies  

which  have  been  conducted,   however ,   ind icate  that   indust r ia l   water  demand 

i s  p r i c e   s e n s i t i v e .  As w e l l ,  t he re   a re   impor tan t  and no t   we l l   unders tood 

i n t e r a c t i o n s  between f i r m s '  water  use and t h e i r  use o f   o t h e r   p r o d u c t i v e  

inputs .   Ye t ,   the   va lue   o f   the   pas t   research  on i n d u s t r i a l   w a t e r  demands 

i s  d iminished  because  they  are a l l  based on the   use   o f   h igh ly   aggregated  

da ta   se ts   o f .Amer i can   i ndus t r i a l   wa te r   use rs .  

I 
I 
I 
1 
I 
1 
1 
I :  
I - ,  

I ' .  

I 

The j u r i s d l c t i o n a l  background  surrounding  the  wi thdraw1 o f  f reshwater  i n  

B r i t i s h  Columbia i s  f a i r l y   c l e a r .  Under the   Canad ian   Const i tu t ion ,  

B r i t i s h  Columbia  has  a lmost   exc lus ive  author i ty   over   the  regulat ion o f  

t h e  use o f   f reshwa te r   resources   w i th in  i t s  boundar ies.  It c a r r i e s   o u t  

t h e s e   r e s p o n s i b i l i t i e s   p r i m a r i l y   t h r o u g h   t h e  Water  Act   which  a l lows  the 

p r o v i n c i a l  government t o  s e t  r e n t a l   f e e s   t o  be paid  by  people  or  

companies w i s h i n g   t o   w i t h d r a w   w a t e r   f o r   p r i v a t e   u s e .   A l t e r n a t i v e l y ,  

those firms r e l y i n g  on  a p u b l i c   ' u t i l i t y   o r   m u n i c i p a l  agency t o   s u p p l y  

t h e i r   i n t a k e   w a t e r ,  must  pay a p r i c e   ( o f t e n  computed  from  complicated 

b l o c k   r a t e   t a r i f f   s t r u c t u r e s )   f o r   - t h e i r   w a t e r .  The da ta   se t  used i n   t h i s  

study i s  c o m p r i s e d   p r i m a r i l y   o f   B r i t i s h  Columbia firms' responses t o  

Environment  Canada's  1981 I n d u s t r i a l  Water Use Survey.  This  survey 

questioned  nearly  four  thousand  companies  throughout Canada on t h e i r  

q u a n t i t i e s  and cos ts  o f  w a t e r   i n t a k e ,   t r e a t m e n t ,   r e c i r c u l a t i o n  and 

d ischarge.  Some m iss ing  c o s t  o f   i n t a k e   o b s e r v a t i o n s   w e r e   r e p l a c e d   w i t h  
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es t ima tes   based   .on   t he   ren ta l   t a r i f f s   f o r   wa te r   w i thd rawa l   spec i f i ed  

under  the  Water  Act. 

Economic t h e o r y   s p e c i f i e s  a model o f   t h e   f a c t o r s   a f f e c t i n g  a 

r e p r e s e n t a t i v e  firm's demand f o r   w a t e r .  This model  emphasizes t h e   p r i c e s  

of  water and o t h e r   i n p u t s  and t h e   l e v e l   o f   t h e  f i r m ' s  ou tpu t  as 

e x p l a n a t o r y   f a c t o r s .  Once a genera l   model   o f   in take  water  demand (which 

r e l a t e s   t h e   q u a n t i t y   o f   w a t e r  used t o   t h e   p r i c e   o f   w a t e r  and o the r  

f a c t o r s )  has  been  developed,  then a s t a t i s t i c a l  model  must  be s p e c i f i e d  

i n  o r d e r   t o   e s t i m a t e   e m p i r i c a l l y   t h e   s t r u c t u r e   o f   w a t e r  demands. The 

e s t i m a t i o n   o f  demand equat ions i s  not   s t ra ight forward,   however ,  due t o  

the   p rob lems   o f   de f i n ing  the p r i c e   o f   w a t e r .  I f  t h e   m a r g i n a l   c o s t   o f  

w a t e r   i n t a k e  depends  on t h e   q u a n t i t y  consumed t h e n   t h e   e s t i m a t i o n   o f  

demand .equat ions i s  f a c e d   w i t h  a s imu l tane i ty   p rob lem.   Th is   cou ld   resu l t  

i n   p o t e n t i a l l y   b i a s e d   e s t i m a t e s   i n   t h e  sense tha t   t he   repo r ted   ave rage   o f  

the  est imated  parameter  may n o t   e q u a l   t h e   t r u e  unknown p o p u l a t i o n  mean. 

Whi le   th is   econometr ic   problem  remains  unresolved a method f o r   g e n e r a t i n g  

s e v e r a l   p r i c e   v a r i a b l e s  was suggested and t h e   f o r m a t   o f   t h e  demand 

equat ions was presented i n  Chapter I V .  

The cos ts   o f   wa te r   use   t o   B r i t i sh   Co lumb ia   manu fac tu r ing  f i r m s  a re  

s t r i k i n g l y   s m a l l .  One way t o  see t h i s  i s  by   cons ide r ing   t he   cos t   o f  

water  use  as a f r a c t i o n   o f   t h e   t o t a l   c o s t s   o f  a firm o r   i n d u s t r y .   I n  

B r i t i s h  Co lumbia   es t imates   o f   th is   sor t   range  f rom 0.05 p e r   c e n t   f o r   t h e  

M e t a l   F a b r i c a t i n g   i n d u s t r y  t o  3.0 p e r   c e n t   f o r   t h e  Wood products  

i n d u s t r y .  Thus,  water  costs  are a ve ry   sma l l   po r t i on   o f   mos t  B r i t i s h  

Columbia f i r m s '  cos ts .  

I. 
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I 
I rang ing   f rom -0.01  (Pr imary  Meta ls)   to  -1.7 (Petro leum).  As w e l l ,   i n t a k e  

I 
I 
I 
I' 

The es t imated  water   in take  demand equat ions  were  repor ted  for   ten 

manu fac tu r ing   i ndus t r y   g roups   i n   Chap te r  VI., .These  equat ions showed 

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

demands were shown t o  be s e n s i t i v e   t o   o u t p u t   l e v e l s  and t h a t   t h e r e  

e x i s t e d   p o s s i b l y   s t r o n g   i n t e r a c t i o n s  between  water  intake  and  other 

i ndus t r i a l   wa te r   uses .  An i m p o r t a n t   r e s u l t  was t h a t ,   i n   g e n e r a l ,   t h e  

' b i g   f o u r '   w a t e r   u s e r s   e x h i b i t e d   r e l a t i v e l y   l o w   p r i c e   e l a s t i c i t i e s  and 

h i g h   o u t p u t   e l a s t i c i t i e s .  These r e s u l t s   a r e .   p o t e n t i a l l y   i m p o r t a n t   b o t h  

f rom a r e g u l a t o r y  and from a water   use   fo recas t ing   po in t  o f  view. 

I 
I. 
I 
,I 
I 
I 

The i n d u s t r i a l   v a l u a t i o n  o f  w a t e r  use i s  a l a r g e l y   u n e x p l o r e d   i s s u e   i n  

Canada. The e s t i m a t e d   i n d u s t r i a l   w i l l i n g n e s s   t o  pay f i g u r e s   ( t h e  

economis t ' s   approx imat ion   to   the   va lue  o f  w a t e r )   w e r e   s t r i k i n g l y   l o w  

u s i n g   t h e   B r i t i s h  Columbia  manufacturing  data. I n  Chapter VII, it was 

r e p o r t e d   t h a t   a v e r a g e   g r o s s   w i l l i n g n e s s   t o   p a y   ( i n  1981 do l l a rs )   ranged  

f rom $9 / lo00 m3 (Pu lp)  t o  $2580 / lo00  m3 (Food)   ,whi le   average  net  

w i l l i n g n e s s  t o  pay f i g u r e s  were much lower:  $0.9  /lo00 m (Pr imary  

M e t a l s )   t o  $48 / lo00  m (Food) .   These  est imates  are  substant ia l ly   be low 

comparab le   f igures   repor ted   by   Mu l le r  (1985). 

3 

3 

This  study has explored a v e r y   r e c e n t l y   d e v e l o p e d   f i e l d .   I n d u s t r i a l  

water demands have  received little o r  no a t t e n t i o n   f r o m   r e s e a r c h e r s   i n  

Canada. There still ex is t   severa l   areas  where  unresolved  methodologica l  

q u e s t i o n s   p e r s i s t   ( e s p e c i a l l y   i n   t h e   c o n s t r u c t i o n  of a ' p r i c e   o f   w a t e r '  

v a r i a b l e ) .   W h i l e   t h e   r e s u l t s   r e p o r t e d   h e r e   m u s t   b e   i n t e r p r e t e d   w i t h  

I 
I 
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p r i c e   e l a s t i c i t i e s .   F i n a l l y ,   t h e s e  more  general  modeling  techniques may 

be a p p l i e d   t o   t h e   e n t i r e  Canad ian   da ta   se t   ra the r   t han   res t r i c t i ng  

a t t e n t i o n   t o   t h e   B r i t i s h  Columbia  data.   Th is   extens ion  would  a l low 

r e g i o n a l   d i f f e r e n c e s   i n   i n d u s t r i a l   w a t e r  demands t o  be i d e n t i f i e d .  

c a u t i o n  i t  i s  hoped t h a t   t h e y  may c o n t r i b u t e  t o  a be t te r   unders tand ing   o f  

t he   p ressu res .be ing   p laced  upon Br i t i sh   Co lumbia 's   f reshwater   resources .  

T h e r e   a r e   s e v e r a l   f e a s i b l e   e x t e n s i o n s   t o   t h i s   p r o j e c t .   I n   t e r m s  o f  t h e  

methodology  employed a more soph ls t i ca ted   t rea tmen t  o f  p r i c e  va r iab les  

inc lud ing  perhaps  an  inst rumenta l   var iab les  approach  could  be 

i n v e s t i g a t e d .   I n   a d d i t i o n ,  i t  i s   p o s s i b l e   t o  model i n d u s t r i a l   w a t e r  

demands as p a r t   o f  a s y s t e m   o f   i n t e r r e l a t e d   i n p u t  demands. Th is  more 

genera l   model ing  should  prov ide more robus t   es t imates   o f  own and  cross 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I !  

- 82 - 

APPENDIX A 

M I N I N G  WATER DEMANDS 

I '  

A. I n t r o d u c t i o n  

The major  concern  of  t h i s  study  has  been t o  model the   water  demands 

o f   t h e   m a n u f a c t u r i n g   i n d u s t r y .   T h i s   a p p e n d i x   o v e r v i e w s   e f f o r t s   t o  

model the   water  demands o f  B r i t i s h  Columbia  mining  industry . Whi le 

th i s   i ndus t r y ' s   annua l   wa te r   use   (124   m i l l i on   cub ic   me t res   i n   1981)  

i s  s m a l l   r e l a t i v e   t o   t h e   e n t i r e   m a n u f a c t u r i n g   s e c t o r ' s   w a t e r  use 

1 

(2181 m i l l i o n   c u b i c   m e t r e s ) ,  i t s  wa te r   w i thd rawa l   ra te  i s  surpassed 

on ly   by   two  manufac tur ing   indus t r ies  - Primary  Metals  and  Paper 

p r o d u c t s .  

The analysis  developed i n   t h e  main  body o f  t h l s   r e p o r t  i s  a p p l i e d   t o  

a data s e t  f o r   t h e   B r i t i s h  Columbia  mining  industry.   This  data set 

i s  drawn  from the 1981 Mining  Water Use Survey  conducted  by 

Environment Canad,a and i s  augmented  (where cos t   o f   wa te r   i n take  was 

n o t   r e p o r t e d )   w i t h   p r o v i n c i a l   w a t e r   r e n t a l   r e c o r d s .   I n   t o t a l   t h e  

sample c o n s i s t s  o f  twenty-seven  observat ions on i nd i v idua l   m ines  and 

t h e i r   r e s p e c t i v e   w a t e r  uses and expendi tures.  

U n f o r t u n a t e l y ,   d a t a   l i m i t a t i o n s   d i d   n o t   a l l o w  a d issaggregat ion  
beyond t h e   ' m i n i n g   i n d u s t r y '   l e v e l .  
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B .  Water Use i n   t h e   M i n i n g   S e c t o r  

O f .  the   ma jor   water   us ing   sec tors ,   m in ing  i s  t h e   s m a l l e s t   i n   B r i t i s h  

Columbia . Y e t   t h e   m i n i n g   i n d u s t r y ' s   u s e   o f   w a t e r   i s   i m p o r t a n t   f o r  

several   reasons. F i r s t ,  t h e  s i z e  o f   i n d i v i d u a l   m i n e s   i m p l i e s   t h a t  

2 

they  may be  very  important when water   use  s tud ies  are  d isaggregated 

t o  a s p e c i f i c  r i v e r   b a s i n .  F o r  example, coal  developments  represent 

a p o t e n t i a l l y   s i g n i f i c a n t   p o r t i o n  o f  w a t e r   w i t h d r a w a l s   i n   t h e  

F la thead   R ive r   bas in   i n   sou theas te rn   B r i t i sh   Co lumb ia .  A second 

reason i s   t h a t   m i n i n g   r a n k s   o n l y   b e h i n d   a g r i c u l t u r e   i n   c o n s u m p t i o n  

o f  i t s  i n take   wa te r .  The 1981 Canada Water  Yearbook r e p o r t s   t h a t   i n  

1980 t h e   B r i t i s h  Columbia  mining  sector consumed approx imate ly  40 

pe r   cen t   o f  i t s  water   w i thdrawals   (Tab le  3 ,  p.   24) .   F ina l l y ,   the  

qua l i t y   o f   d i scha rge   wa te r   f rom  m ines i tes   can  be a ser ious  

env i ronmen ta l   conce rn .   E leva ted   ac id i t y   l eve l s  and  inc reased  leve ls  

o f  suspended s o l i d s  and  heavy   meta ls   can   o f ten   be   charac ter is t i cs  o f  

mines '   runof f   water .  

Table A . l  summarizes t h e   v a r i o u s   a s p e c t s   o f   t h e   m i n i n g   i n d u s t r y ' s  

water  use. The ' t o t a l   w a t e r   u s e '   p a r t   o f   T a b l e  A . l  i s  q u i t e  

i n t e r e s t i n g .  The m in ing   i ndus t r y   apparen t l y   p rac t i ces   subs tan t i a l  

wa te r   rec i r cu la t i on .   Ye t   t he   d i scha rge   f i gu re   exceeds   t he   i n take  

f i gu re .   Th i s  may be  due t o   t h e   f a c t   t h a t  many mines  and o i l  and gas 

f i e l d s   c o n t a i n   s i g n i f i c a n t  amounts of  groundwater  which  must  be 

The 1981 Canada Water  Year Book repo r t s   t he   f o l l ow ing   annua l  
w i t h d r a w a l   f i g u r e s   ( i n   m i l l i o n s   o f   l i t r e s   p e r   d a y ) :  
Mun ic ipa l  and Rural   1076  Manufactur ing 5642 
Min ing  277 A g r i c u l t u r e  1568 
The  rma 1 787 

I 
1, 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 

. .. 

- 84 - 

/ 

TABLE A . l  , .  

Summary o f   B r i t i s h  Columbia  Mining  Water Use S t a t i s t i c s  

T o t a l  Water Use ( m i l l i o n  m3j 

I n t a k e  124.39 
Treatment  30.29 
R e c i r c u l a t i o n  350.01 
Discharge  139.17 

Breakdown o f   I n t a k e  by  Purpose1 ( m i  11 i o n  m3) 

Processing  106.81 
Coo l ing  and  Condensing  11.67 
S a n i t a r y  5.77 
Other  0.13 

Breakdown o f   I n t a k e  by  Source2 ( m i l l i o n  m3) 

Publ i c  4.54 
P r i va te :   Su r face  65.47 

Ground  16.91 
Other  37.45 

Breakdown o f   D ischarqe   by   Po in t   o f   D i scharge3   (m i l l i on  m 

Publ i c  0,009 
Pr ivate:   Freshwater   body 28.89 

Tidewater  body  23.85 
Ground  16.59 
T a i l i n g s  Pond 69.83 

Mining  Water Use R e l a t i v e   t o  Employment  and Output 

T o t a l   I n t a k e  124.39 ( m i l l i o n  m3) 
Tota l   Value o f  Output4 2499.455 ( m i l l i o n   1 9 8 l J )  
T o t a l  Empl oyment5 11  648 
Rat io:   Intake/Employee 10.679 ( 1000 m3/person) 
Rat io :   In take /Va lue   o f   Outpu t  0.0497  (m3/1981$) 

NOTES: 

1. Source: Tate and Scharf  (1984),  Vol 11, Table 2.08 
2. Source: i b i d ,   T a b l e  2.11 
3.  Source: i b i d ,   T a b l e  2.20 
4. Source: S t a t i s t i c s  Canada (1981), SC26-201 
5 .  Source: i b i d  



- 85 - 

pumped ou t .  The m a j o r i t y   o f   w a t e r   i n t a k e  i s  used fo r   p rocess  as 

Table A . l  i nd i ca tes .   Th i s  i s  i n   c o n t r a s t   t o   t h e   m a n u f a c t u r i n g  

indus t ry 's   water   use   wh ich  was concentrated i n   c o o l i n g  and  steam 

produc t ion .  The min ing   indus t ry   resembles   the   manufac tur ing  

i n d u s t r y ,  however i n   t h a t  i t  a l s o  has  an  almost t o t a l   r e l i a n c e  on 

p r i v a t e l y   s u p p l i e d   w a t e r  and i t  uses p r i v a t e   d i s c h a r g e   p o i n t s .  

However, t h e   m i n i n g   i n d u s t r y  makes a p r o p o r t i o n a t e l y   l a r g e r  use  of 

t i d e   w a t e r   b o d i e s   f o r   i n t a k e  and d ischarge.  

F i n a l l y ,   T a b l e  A . l  r e p o r t s   m i n i n g   w a t e r   u s e   r e l a t i v e   t o  employment 

and m in ing   ou tpu t .  The m i n i n g   r a t i o   o f   w a t e r   i n t a k e   t o  employee i s  

l o w   r e l a t i v e   t o   t h e   m a n u f a c t u r i n g   i n d u s t r y  as i s  m i n i n g ' s   r a t i o   o f  

w a t e r   i n t a k e   t o   d o l l a r   v a l u e   o f   o u t p u t .  

C .  Empi r i ca l   Resu l t s  

I n   o r d e r   t o   s t u d y   t h e   m i n i n g   i n d u s t r y ' s   w a t e r  demands t h e  same 

procedures  used i n   s t u d y i n g   o f   t h e   m a n u f a c t u r i n g   s e c t o r   w e r e  used. 

Thus, t h e  same techniques  were  used to   de te rm ine   wa te r   use   cos ts ,   t o  

c o n s t r u c t   w a t e r   p r i c e s ,   t o   e s t i m a t e   w a t e r   i n t a k e  demand equat ions 

and to   es t ima te   m in ing   i ndus t r y ' s   va lua t i on   o f   wa te r   use .  The 

r e s u l t s   o f   t h e   w o r k   a r e  summarized i n  Table A.2. 

Water  use  costs  are  not  a s i g n i f i c a n t   f a c t o r   f o r   t h e   m i n i n g   i n d u s t r y  

i n   B r i t i s h  Columbia. I n   f a c t   t h e y   ' a r e   a l m o s t   n e g l ' i g l b l e  - t h e  

es t imated   cos t   share   fo r   water   use  i s  o n l y  0.25 per   cent .  A s  w e l l ,  

1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- 86 - 

TABLE A.2 

Water Use by B r i t i s h   C o l u m b i a ' s   M i n i n g   S e c t o r :  
Summary o f  M in ing   Emp i r i ca l   Resu l t s  

Costs o f  Water Use 

Est imated 
Tota l   Cost  Computed Average  Cost1  Marginal  Cost2 

Purpose ( m i l l i o n   1 9 8 l $ )  ( 1981 $11  0001113) ( 1981 $11  0001113) 

I n t a k e  1 . w o a  45.59 20.26 
Treatment  0.2957  372.19  7.96 
R e c i r c u l a t i o n  2.7785  138.99  5.99 
D i  scharge 2.0097  145.77  7.63 
T o t a l  

Estimated  Cost  Share3 

Ra t io :   To ta l   Wa te r   Cos ts   t o   To ta l   Opera t i ng   Cos ts  0.26% 

Est imated  Cost  Equat ion4 

I n t a k e  

TC = 13765 + 0.28061E-l(Q) - 0.86447E-9 (Q2)  F = 10.157 R'a = .3025 
(.50823)  (3.4395)  (-3.1759) OF = 21 

R e c i r c u l a t i o n  

TC = 72704 + 0.70434E-2( Q)  - 0.51861 E-1 0 (42)  F = 3.987 R'a = .0303 
(1.4323) ( 1   3 1 4 7 )  (-1.6336) 

Treatment 

TC = 8974.5 + 0.10054E-l(Q) - .11359E-8 ( Q2) F = 2.876 R'a = .0299 
(1.0891)  (1.0017) (-1 -0462) 

D i  scharge 

TC = 28937 + 0.31919E-2( Q) + 0.40463E-9 ( Q2) F = 5.540 R2a = .2747 
( 3 5 9 6 )  ( .21033) ( .74370) 
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TABLE A.2 (Cont inued) 

Es t ima ted   I n take  Demand Equat ion  and E l a s t i c i t i e s 5  

1nQ = 15.154-6.0501  (AC1) -1 28.70( MC2) -48.775( MC3) +2.2742( AC4) +O. 15277E-6 (THR) 
(26.485)  (-4.6723)  (-2.7107)  (-.46954)  (3.7430)  (2.4459) 

F = 626.745, SEE = 1.1795, R2a = .7847, DF = 21 

E11  = -2.4171, EIT = -.96471, EIR = 0.27796, E10 = -1.6818, EIQ = 0.55793 

To ta l   (m i  11 ion$)  Average  1981 $/l OOOm3) 

Gross W i l l i n g n e s s  t o  Pay 
Net   Wi l l ingness t o  Pay 

54.657 
1.028 

439.40 
8.27 

NOTES: 

1. De f ined   as   To ta l   Cos t   d i v ided   by   To ta l   Quan t i t y  
2. See Table 5.4 and t h e   p r e c e d i n g   d i s c u s s i o n   f o r   d e f i n i t i o n  
3. See Table 5.5 and t h e   p r e c e d i n g   d i s c u s s i o n   f o r .   d e f i n i t i o n  
4.  See T a b l e   6 . 1   f o r   d e f i n i t i o n   o f   v a r i a b l e s  
5. See Tables  6.2  and 6.3 f o r   d e f i n i t i o n s   o f   v a r i a b l e s  
6. See Tab le   7 .1   and   t he   p reced ing   d i scuss ion   f o r   de f i n i t i ons  

.. , - . .  . .  '. , 
.. . . 
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the  repor ted  average and m a r g i n a l   c o s t   e s t i m a t e s   a r e   f a i r l y   l o w  

r e l a t i v e  t o  those seen i n  Tables 5 . 3  and 5 . 4 .  The es t imated  cos t  

equat ions  serve  the same purpose and c a r r y   t h e  same i n t e r p r e t a t i o n  

as t h o s e   r e p o r t e d   f o r   t h e   m a n u f a c t u r i n g   i n d u s t r i e s   i n   C h a p t e r  VI. 

The es t imated  water   in take  demand equat ion  and t h e   r e l e v a n t   p r i c e  

and o u t p u t   e l a s t i c i t i e s   a r e   a l s o   r e p o r t e d   i n   T a b l e  A . 2 .  With  

r e s p e c t   t o   t h e   e s t i m a t e d  demand equat ion  i f  can be  seen t h a t   b o t h  

t h e   p r i c e  and o u t p u t   c o e f f i c i e n t s   a r e  of the   expec ted   s ign  and a r e  

s i g n i f i c a n t .   I n   a d d i t i o n ,   t h e  own p r i c e   e l a s t i c i t y  ( E  ) i s  r a t h e r  

h i g h   a t  - 2 . 4 .  The o t h e r   e l a s t i c i t i e s   i n d i c a t e   s u b s t i t u t i o n  

p o s s i b i l i t i e s  between i n t a k e  and r e c i r c u l a t i o n  and complementar i ty 

between  t reatment  and  intake and between  discharge and in take .  

I 1  

The l a s t   e n t r y   i n   T a b l e  A . 2  presents   est imates o f  t he   m in ing  

i n d u s t r y ' s   v a l u a t i o n  o f  i t s  water  use. The method  used t o   c o n s t r u c t  

these  est imates i s  d e t a i l e d   i n  Chapter VII. Both  the  gross  and  net  

w i l l i n g n e s s   t o  p a y   e s t i m a t e s   a r e   l o w   r e l a t i v e   t o   t h e   f i g u r e s  

repo r ted   i n   Chap te r  VI1 f o r   t h e   m a n u f a c t u r i n g   i n d u s t r y .   T h i s  i s  n o t  

v e r y   s u r p r i s i n g  when one recognizes  that  most  water  used i n   t h e  

m in ing   i ndus t r y   e i t he r   b reaks  o r  carr ies  unprocessed  ore.  

This  appendix has p r e s e n t e d   t h e   r e s u l t s   o f  t h i s  s t u d y ' s   f i n d i n g s   o f  

t h e   B r i t i s h  Co lumbia   min ing   indus t ry 's   water  demands. It was seen 

t h a t   t h e   m i n i n g   i n d u s t r y  was a r e l a t i v e l y   s m a l l   u s e r   o f   w a t e r   f r o m  a 

p r o v i n c i a l   p e r s p e c t i v e   b u t  a l a r g e   u s e r  when one considered 

. .  . .  
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consumpt ion  ra tes  or when one  adopted a r e g i o n a l   p o i n t  o f  v iew.  

W a t e r   i n t a k e  demand was found t o  b e   q u i t e   s e n s i t i v e   t o   t h e   a v e r a g e  

c o s t  o f  i n t a k e   d e s p i t e   t h e   r e l a t i v e   i n s i g n i f i c a n c e  o f  w a t e r   c o s t s .  

A s  w e l l ,   e s t i m a t e d   v a l u a t i o n   ( e i t h e r   g r o s s  or n e t )   o f   w a t e r   u s e  by 

t h e   m i n i n g   i n d u s t r y  was q u i t e   l o w  on average.  

. .  . . . ., . .. 
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APPENDIX B 

1976 B R I T I S H  COLUMBIA INDUSTRIAL WATER DEMANDS 

A .  I n t r o d u c t i o n  

As p a r t   o f   a . N a t i o n a 1   I n d u s t r i a l  Water Use Survey  conducted  by  the 

In land  Waters  Di rectorate,   Env i ronment  Canada, i n  1976, a l a r g e  

number o f   B r i t i s h  Columbia f i r m s  were  surveyed  regarding the 

q u a n t i t i e s  and c o s t s   o f   t h e i r   w a t e r  use. I n  1984, t h e   B r i t i s h  

Columbia  survey  resul ts   formed  the  bas is   for  a s t a t i s t i c a l   s t u d y   o f  

i n d u s t r i a l   w a t e r  demands conducted  by  the  s ta f f   o f   In land  Waters 

D i r e c t o r a t e ,   P a c i f i c  and  Yukon Region. ’   That   s tudy  (here in   re fer red 

t o  as t h e  BWM study),   perhaps  the f i rst  o f  i t s  - k i n d   i n  Canada, was 

p a r t i c u l a r l y   c o n c e r n e d   w i t h   t e s t i n g   t h e   h y p o t h e s i s   t h a t   i n d u s t r i a l  

water demands were  i n s e n s i t i v e   t o   p r i c e  changes ( c f .  DeRooy, 1974). 

The BWM s tudy   es t imated   water   in take  demand p r i c e   e l a s t i c i t i e s  

rang ing   f rom -0.432 ( t h e   B e v e r a g e   i n d u s t r y )   t o  -1.186 ( the   Pet ro leum 

R e f i n i n g   i n d u s t r y ) .  

The purpose  o f   th is   append ix  i s  t o   r e p o r t  on the re -es t ima t ion   o f  

1976 i n d u s t r i a l   w a t e r  demand equat ions.   There  are t w o  reasons why 

t h i s   r e - e s t i m a t i o n  was conducted. F i r s t ,  a f t e r   t h e  BWH study was 

completed i t  became p o s s i b l e   t o  augment t h e   d a t a   s e t   b y   i n p u t i n g  

wa te r   i n take   cos ts  t o  non-respondents.  This was done  by  using  water 

p r i ce   ra tes   ob ta ined   f rom  mun ic ipa l i t i es   i n   wh ich   non - responden t  

This s tudy was undertaken  by M. Betkowski, I. Wel ls  and R. M c N e i l l  
d u r i n g   t h e  sumner o f  1984. 

. .  
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f i r m s  were   l oca ted   (B r i t i sh   Co lumb ia  Water  and  Waste Assoc ia t ion ,  

1979  and  1982). I n  total   twelve  non-zero  responses  were added, 

r e p r e s e n t i n g  a 7 . 5  p e r   c e n t   i n   u s a b l e   o b s e r v a t i o n s .  The second 

cause for   re-est imat ion  concerned  the  est imat ion  methodology  used  by 

BWM. I n   t h a t   s t u d y ,   t h e   p r i c e   o f   w a t e r   i n t a k e  was prox ied   by   the  

average o f  r e p o r t e d   o p e r a t i n g  and  maintenance  costs o f  water 

i n t a k e .  As o u t l i n e d   i n   t h e   m a i n  body o f   t h i s   r e p o r t ,   u s i n g   a v e r a g e  

cost   as a p r o x y   f o r   p r i c e   c a n   l e a d   t o   s i m u l t a n e i t y   i n  demand 

equat ion   es t imates  and, thus ,   lead   to   b iased  parameter   es t imates .  

A s  a n   a l t e r n a t i v e   t h e   p r i c e   p r o x y  was genera ted   us ing   the   Z ieg le r  

and Bel l   (1984)   method  (d iscussed i n  Chapter I V )  . The r e s t   o f  t h i s  

essay  concerns i t s e l f   w i t h   ' a   b r i e f   d i s c u s s i o n   o f   t h e   e s t i m a t i o n  

method  and r e p o r t i n g  and i n t e r p r e t i n g   . t h e   r e s u l t s   o f   t h e  

re -es t ima t ion .  The i n d u s t r i e s   c o n s i d e r e d   a r e   l i s t e d   i n   T a b l e  B . l .  

TABLE B . l  

Indust ry   Groupings i n  BWM Study 

I n d u s t r y  SIC (1980) 

Chemical s 
Ref i n i  ng 
Concrete  Products 
T r a n s p o r t a t i o n  
Wood Products 
Pulp  and  Paper 
Foods tu f f s  
Beverages 
F r u i t   P r o c e s s i n g  
M i n i  ngl 

37 
36 

354 
30 
27 
25 
10 

109 
103 

06 

NOTE: 1. T h i s   i n d u s t r y   w a s ' n o t   i n c l u d e d   i n   t h e   p r e s e n t  
s tudy  because  o f  a l o s s  o f  t he   da ta   se t .  
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B. Est imat ion  Procedure 

Under the  assumptid'h. of cost  minfmlzing  behaviour,   economic  theory 

i nd i ca tes   t ha t   t he   genera l   f o rm  o f  a f i r m ' s  (o r ,   under   cond i t i ons  

s u f f i c i e n t   f o r   a g g r e g a t i o n ,  an i n d u s t r y ' s )   d e r i v e d  demand f u n c t i o n  

I 
1 
I 
I 
I 

for   water  should  resemble:  

( 1 )  Q, = f(Pw, X ,  P1,... Pn, T I .  

Where: 

Qw = t h e   q u a n t i t y   o f   w a t e r  demanded 
Pw = t h e   p r i c e   o f   w a t e r  
X = t h e   l e v e l   o f  firm ( o r   i n d u s t r y )   o u t p u t  
P1 ... P, = t h e   p r i c e s  o f  a l l  non-water  inputs 
T = an  index  o f   technologica l   progress.  

I n  o r d e r   t o   e s t i m a t e   e q u a t i o n  (1) must  do  several  things  must  be 

done. F i r s t  a f u n c t i o n a l  f o r m  must be s p e c i f i e d .  The l o g - l i n e a r  

and l inear- log  forms  are  used.  The s p e c i f i c a t i o n   o f   t h e   m o d e l ' s  

var iab les  must   be  determined.   The.quant i ty  o f  wa te r   i n take  demanded 

i s  measured i n  thousands  o f   ga l lons  per   year .  The p r o x y   f o r   p r i c e  

o f   wa te r  was cons t ruc ted  as f o l l o w s   ( c f .   Z i e g l e r  and B e l l ,  1984). 

F i r s t ,  t h e   f o l l o w i n g   e q u a t i o n  was es t ima ted   f o r   each   i ndus t r y   us ing  

OLS techniques: 

Where: 

TCw = t o t a l   o p e r a t i n g  and maintenance  costs   o f   water   In take 
Qw = t o t a l   q u a n t i t y   o f   w a t e r   i n t a k e  
ao,  a1, 
a2 = parameters t o  be  est imated 
e = e r ro r   t e rm,  assumed t o  have w i t h  a n o r m a l   d i s t r i b u t i o n  

w i th   ze ro  mean and constant   var iance.  

. , .  .. . ._._. - _^__ ,..... . 
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From equat ion  (2 )  , es t imates   o f   the   marg ina l  and average  costs 

(equat ions  ( 3 )  and ( 4 ) ,  below) were  obta ined and  used as p r o x i e s   f o r  

t h e   p r i c e   o f   w a t e r :  

( 3 )  MC, = a, t 2*a2 Q, 

( 4 )  ACw = a /Q + al + a2-Qw o w  

A s imple  average  cost  was a l s o  computed  by d i v i d i n g   t o t a l   i n t a k e  

expend i tu res   by   t o ta l   wa te r   i n take .  Thus, we have   t h ree   po ten t i a l  

' p r o x i e s   f o r   t h e   p r i c e  o f  i n take   wa te r .  Each s h a l l  be used i n   t h e  

e s t i m a t i o n   o f   i n t a k e  demand func t i ons  and t h e i r   r e s p e c t i v e  

exp lanatory  power will be  considered. 

U n f o r t u n a t e l y ,   t h e   l e v e l   o f   t h e  f i r m ' s  ou tpu t  was n o t   e l i c i t e d  by 

the  survey.  A s  a proxy   fo r   ou tpu t   to ta l -employee-hours   per   year  

have  been  used.  There  are  obvious  problems w i t h  t h i s  procedure. 

Total  employee  hours w i  11 a c t  as a good p r o x y   f o r   o u t p u t  i f  i t  i s  

h i g h l y   c o r r e l a t e d   w i t h   o u t p u t  and i f  t h e  demand f o r   l a b o u r  i s  

separable f r o m  t h e  demand f o r   w a t e r   i n t a k e .   R e g r e t t a b l y ,   t h e r e  i s  

no way t o   t e s t   t h i s   l a s t  assumption. 

The c o d i n g   o f   t h e   1 9 7 6   s u r v e y   d i d   n o t   i n c l u d e s t h e   q u e s t i o n s   r e l a t i n g  

t o   t h e   c o s t s   o f   o t h e r   w a t e r - r e l a t e d   i n p u t ' s .  As a r e s u l t ,  i t  was n o t  

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

t h e   w a t e r   i n t a k e  demand equat ions.  

. .  .. " . .. , . . . . _,."_ ,1 . . .  
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I n   t h e  absence o f  da ta   regard ing   the   p r ices   o f   non-water   in take  

i n p u t s  and r e g a r d i n g   t h e   t e c h n o l o g l c a l   c h a r a c t e r  o f  each 

observa t ion ,   severa l  dummy var iab les   were  used. Our use  and 

d e f i n i t i o n   o f   t h e s e   v a r i a b l e s   c o i n c i d e s  wi th  t h e  BWM study. 

Table  8.2  gives a d e s c r i p t i o n  o f  how t h e  dummy var iables  were  used 

f o r  each indus t ry   g roup ing .  

I 
'I 

I n d u s t r y  
Group 

TABLE 8.2 

Dummy Var iab les  Used i n   E s t i m a t i o n  Models 

Dummary Var iab le1  
Pub1 IC* Trea t  . 3  Rec i rc .4  , 045  

Transpor ta t i on  
Foods tu f f s  
Pulp & Paper 
Wood Products 
Beverages 
R e f i n i n g  
Concrete 
Chemicals 
F ru i t   P rocess ing  

X 
X 
X X 
X X 
X X 
X X 
X X 
X 

X 

I 
NOTES : 

I 1. A cross ( X )  i n d i c a t e s   t h e   i n c l u s i o n   o f   t h a t  dummy v a r i a b l e   i n  
t h e   e s t i m a t i o n   o f   t h a t   i n d u s t r y ' s  demand equat ion.  

2. Pub l i c  = 1 i f  the   observa t ion   d rew  water   f rom a p u b l i c   u t i l i t y  
= 0 o therw ise  

3 .  Trea t  = 1 i f  t h e   o b s e r v a t i o n   t r e a t e d   i n t a k e   w a t e r   p r i o r  t o  use 
= 0 o the rw ise  

. I  
. . .  , 
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4. Reci rc .= 1 i f  t h e   o b s e r v a t i o n   r e c i r c u l a t e d   w a t e r   i n   t h e  
product ion  process 

= 0 otherw ise  

5 .  D4 i s  a n   i n d u s t r y   s p e c i f i c   v a r i a b l e .   T h e . f o l l o w i n g  breakdown 
g ives  i t s  d e f i n i t i o n ,  by   indus t ry :  

T ranspor ta t i on  D4=1 i f  observa t ion  i s  a s h i p b u i l d i n g  firm 

Beverages D4=1 i f  . Observat ion  produced  a lcohol ic  
=O otherw lse  

beverages 
=O otherwise 

Concrete D4=1 i f  obse rva t i on   bo th   t rea ted  and 
r e c i   r c u l a t e d   w a t e r  

=O otherw ise  
Chemical s same d e f f n i t i o n  as Concrete 
F r u i t   P r o c e s s i n g  D4=1 i f  o b s e r v a t i o n   p r o d u c e d   f r u i t   j u i c e  

R e f i n i n g  D4=1 i f  observa t ion  was on o i l   r e f i n e r y  
=O otherw ise  

=O otherw i  se 

.” - . - ._ 
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Thus, t h e   i n d u s t r y   w a t e r   i n t a k e  demand equat ion  est imated was one o f  

t he   two   f o l l ow ing  fo.rms: 

l o g  Q, = a. + alpw t a THR t a3D t u 2 
( 6 )  Q, = bo + b,lOgPw t b l o g  THR t b310g D + v 2 

where D = v e c t o r   o f  dummy va r iab les  

THR = t o t a l  employee  hours 

u, v a re   e r ro r   te rms,  assumed t o  have a normal 

d i s t r i b u t i o n   w i t h  mean zero  and  constant  var iance. 

Emp i r i ca l   Resu l t s  

All o f   t h e   e s t l m a t l o n  was conducted  using OLS technlques on t h e  

econometrics  computer  program, SHAZAM (White,  1978).  Observat ions 

repo r t i ng   ze ro   cos ts   o f   i n take   were   de le ted  i f  an expend i tu re  on 

w a t e r   i n t a k e   c o u l d   n o t  be impu ted   t h rough   re fe rence   t o   t he  

respondent 's   mun ic ipa l   water   works '   ra te   tab les .  It i s  acknowledged 

t h a t   t h e   d e l e t i o n   o f   z e r o   c o s t   o b s e r v a t i o n s  i s  n o t   w i t h o u t   r i s k .  I t  

i s  p o s s i b l e   t h a t  some f i r m s  do,  indeed,  have  mlnimal  water  intake 

cos ts ;   however ,   the   es t imat ion   o f  demand equat ions does r e q u i r e  

non-zero   p r ice   observa t ions .  It was f e l t   t h a t   t h e   e m p i r i c a l   r e s u l t s  

based on sk ipp ing  the  zero  cost   observat ions  would  prov ide a b e t t e r  

p i c t u r e  o f  i n d u s t r i a l   w a t e r  demands i n   B r i t i s h  Columbia. 

The f i rst  se t  o f  resu l t s   conce rns   t he   cos ts   o f   wa te r   i n take .  

Tab le   8 .3   repo r t s   t he   i ndus t r y   ave rages   f o r   t h ree   ca tegor ies   o f  

. . .  . 



- 97 - 

TABLE 6.3 

Water  Intake  Costs  ($/m3) 

I n d u s t r y  Computed Mean Est imated Mean Est imated Mean 
Group Average  Cost1 Average  Cost2 Marginal  Cost3 

- 1976 d o l l a r s  - 

Chemical s 
R e f i n i n g  

Concrete 
T r a n s p o r t a t i o n  

Wood Products 

Pulp and  Paper 

Foods tu f f s  

Beverages 

F r u i t   P r o c e s s i n g  

0.204 

0.808 

0.772 
0.811 

1.135 

0.479 

0.299 

0.561 

0.221 

9.776 

5.311 

1.358 
1.179 
3.332 

1.603 

1.079 

0.432 

0.407 

0.004 
* 4 

4 * 
0.218 

0.362 

0.393 

0.231 

0.257 

0.274 

NOTES: I 
1. Computed Average  Cost = Tota l   Cost  o f  Water I n t a k e   d i v i d e d   b y  

T o t a l   Q u a n t i t y   o f   W a t e r   I n t a k e .  I 
2.  From equa t ion   (2 ) .  

3.  From equat ion  ( 2 ) .  

4. * ind ica tes   an   es t imate   less   than  zero .  
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i n take   cos t :  computed  average  cost   ( found  by  s imply   d iv id ing  to ta l  

c o s t s   o f   i n t a k e  by t o t a l   q u a n t i t y   o f   . w a t e r   i n t a k e ) ,   e s t i m a t e d  

average  costs and es t ima ted   marg ina l   cos ts   ( t he   l a t te r   two  

ca tegor ies   a re   de r i ved   f rom  es t ima t ions   o f   equa t ion   (2 )   f o r   each  

i n d u s t r y ) .  The s t r i k i n g   t h i n g   a b o u t   T a b l e  8.3 i s  the  magni tude  o f  

t he   es t ima ted  mean marg ina l   cos ts .  No i n d u s t r y  has a mean marg ina l  

c o s t   g r e a t e r   t h a n   f o r t y   c e n t s   p e r   c u b i c   m e t r e   o f   w a t e r .  

It i s  d i f f i c u l t   t o   t e l l ,  however,  whether  the  reported  average 

in take   cos ts   a re   'h igh '   o r   . ' l ow '   s imp ly   by   s tudy ing   Tab le   8 .3 .  We 

may use a 1979 survey o f  B r i t i s h  Columbia  munic ipa l   water   ra tes 

(BCWWA, 1979) t o   e v a l u a t e   t h e   f i g u r e s   r e p o r t e d  in Table  8.3. From - 

t h a t   s u r v e y   ( c f .   T a b l e  4.3) i t  can  be c a l c u l a t e d   t h a t   t h e   a v e r a g e  

annual   charge  for  a commerc ia l - indust r ia1  metered  user  was 

approx imate ly  $4,000 /1000m /year   (1979  do l la rs ) .  I f  an  adjustment 

f o r   i n f l a t i o n  i s  made th i s   annua l   ave rage   cos t   i s   abou t  $2,800 

/1000m /yea r   (1976   do l l a rs ) .   Th i s   f i gu re  i s  more t h a n   t w i c e   t h e  

h ighes t   repo r ted   annua l   ave rage   i n take   cos t   ( t he  wood produc ts  

i n d u s t r y   r e p o r t s  $1,135 /1000m /year   (1979  do l la rs ) .  It would 

appear   tha t  a major  reason why the  annual   average  in take  costs  

r e p o r t e d   i n   T a b l e  3 appear  low i s  t h a t   t h e   m a j o r i t y   o f   t h e s e  f i r m s  

a r e   s e l f - s u p p l i e d 2  and ' p a y '   f o r   t h e i r   w a t e r   o n l y   t h r o u g h   l i c e n c e  

and r e n t a l   f e e s  t o  the   p rov inc ia l   government  and through  in-house 

3 

3 

3 

* According t o  Tate  (1976), more than 94% o f  B.C. i n d u s t r i a l   w a t e r  
' i n t a k e  was s e l f - s u p p l i e d .  
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expendi tures on t he   ope ra t i on  and ma in tenance   o f   t he i r   wa te r   i n take  

systems. 

T a b l e   8 . 4   p r e s e n t s   t h e   e s t i m a t e s   o f   w a t e r   i n t a k e   p r i c e   e l a s t i c i t i e s  

by  industry  which  were  computed  by BWM and the   p resent   s tudy .  The 

BWM s tudy ' s   es t ima tes   a re   genera l l y   l ower   t han   t hose  computed  from 

. t h e   r e - e s t i m a t e d   i n d u s t r i a l   i n t a k e   w a t e r  demand equat ions.  However, 

bo th   s tud ies   f i nd   subs tan t i a l   ev idence   o f   p r i ce   respons iveness .  

These resu l t s   a re   impor tan t   f o r   two   reasons .  F i r s t ,  they  cast   doubt  

upon t h e   ' f i x e d   . c o e f f i c i e n t '  method o f   water   use   fo recas t ing  

commonly employed  today. It would seem t h a t   i n c l u s i o n   o f   p r i c e  

e l a s t i c i t i e s   i n  these  models  would i n  genera l   lower  demand fo recas ts  

and t h i s ,   i n   t u r n ,  may aver t   the  unnecessary  expansion  o f   water  

supply   capaci ty .   Secondly ,   these  resul ts   g ive  credence  to   those who 

have c a l l e d  f o r  an  enhanced r o l e   f o r  demand-side management t o   w a t e r  

use  problems (c f .   Tate,   1984) .  I f  i n d u s t r i a l   w a t e r   i n t a k e  demands 

a r e   p r i c e   s e n s i t i v e ,  as they  have  been  demonstrated  here,  then  the 

p r i c e   o f   w a t e r  is a p o t e n t i a l l y   i m p o r t a n t   v a r i a b l e   t o  be  considered 

i n   t h e   b a l a n c i n g   o f  supply-demand p r o j e c t i o n s .  

The f i n a l   s e t   o f   r e s u l t s   a r e  summarized i n  Table B.5. These a r e   t h e  

c o e f f i c i e n t   e s t i m a t e s   o f   t h e   i n d u s t r i a l   i n t a k e   w a t e r  demand 

equat ions.  

proxy  used 

based on 

i n d i v i d u a l  

Note f o r  each   i ndus t r y ,   t he   f unc t i ona l   f o rm and p r i c e  

a re   repo r ted .  These  were  chosen  as t h e   ' b e s t '   e q u a t i o n s  

t h e   e q u a t i o n   s t a t i s t i c s  ( R 2  adjusted,  F value, SEE, 

t values) .  It i s   i n t e r e s t i n g   t o   n o t e   t h a t   t h e   e s t i m a t e d  
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I 

TABLE 8.4 

Comparison o f  Water I n t a k e   P r i c e ’ E l a s t i c i t i e s  
. .  

I n d u s t r y  BWM Study  Renzett i   Study 

Chemi c a l  s 
Ref i n i  ng 

Concrete  Products 

T ranspor ta t i on  

Wood Products 

Pulp and  Paper 

Foods tu f f s  

Beverages 

F ru i t   P rocess ing  
Min ing  

Heavy Manufactur ing 

-0.849 

-1.186 

-0.110 
1 

-1 .136 

-0 .256 

- 

1.0453 

-0.043 
1 

-0.408 

0.052 

- 

-0.911 

-0.673 

-0.576 

-1 . l o 3  
-1.024 

-1.003 

-1 -325 

-0.534 

-1 . lo27 
2 

2 
- 

- 

NOTES: 

1 .   N o t   r e p o r t e d   i n  BWM Study. 

2. These i n d u s t r i e s  were n o t   i n c l u d e d   i n   t h e   c u r r e n t   s t u d y  because 
t h e   d a t a  were unava i l ab le .  

I 
. , .. . . - 1”. 1 . .  
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average  cost happens t o  be t h e   ' m o s t   p o p u l a r '   p r o x y   f o r   i n t a k e   p r i c e  

- being  chosen  seven-  out o f  n ine   t jmes.  It i s  p o s s i b l e   t h a t   t h e  

mean marg ina l   cos t   o f   wa te r   i n take  was t y p i c a l l y  so s m a l l   f o r  m o s t  

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

making.  Instead, f i r m s  concerned  themselves  wi th  the  average  cost  

o f  water   in take .  I f  t h i s  i s  i n d e e d   t h e   c a s e   t h e n   t h e   c r i t i c i s m  

l e v e l l e d   a g a i n s t   d e c l i n i n g   b l o c k   r a t e s   f o r   e n c o u r a g i n g   e x c e s s i v e  I 
consumption may n o t  be as s t rong  as p r e v i o u s l y  supposed. Th is  i s  

c e r t a i n l y  a mat te r   wh ich   war ran ts   fu r ther   research .  

I With  regard t o  t h e   c o e f f i c i e n t   e s t i m a t e s ,   t h e   r e s u l t  s would seem 

q u i t e   p l a u s i b l e .  All o f  t h e   p r i c e   p r o x i e s  have nega t i ve  

c o e f f i c i e n t s  and m o s t  a r e   s i g n i f i c a n t .  With the   excep t ion  o f  t h e  

c o n c r e t e   p r o d u c t s   i n d u s t r y ,   a l l   t h e   o u t p u t   p r o x y   c o e f f i c e n t s   a r e  

p o s i t i v e   a l t h o u g h  m o s t  a r e   s t a t i s t i c a l l y   i n s i g n i f i c a n t .  Most o f   t h e  

c o e f f i c i e n t s  on the   pub l i c   wa te r   supp ly  dummy var iab le   have a 

nega t i ve   s ign  - ind icat ing  perhaps  that   the  prevalence  o f   metered 

charges   fo r   pub l i c   water   ac ts  as  a d i s i n c e n t i v e   t o   w a t e r   i n t a k e  and 

thus  lowers  the demand f o r   w a t e r .   M o s t   o f   t h e   c o e f f i c i e n t s  on t h e  

water   t reatment  dummy v a r i a b l e   a r e   p o s i t i v e ,   s u g g e s t i n g  a d i r e c t  

c o r r e l a t i o n  between i n t a k e  and t rea tment .   Rather   supr is ing ly ,   the  

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

s i g n i f i c a n t ) .   W h i l e   t h i s   p a r t i c u l a r   r e s u l t   m i r r o r s   t h e  BWM study, 

i t  was expec ted   t ha t   wa te r   i n take  and   wa te r   rec i r cu la t i on   were  

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

repor ted  surveys may be a f a c t o r   b u t   t h e   r e l a t i o n s h i p   b e t w e e n   w a t e r  

i n t a k e  and r e c i r c u l a t i o n  m e r i t s  f u r t h e r   i n v e s t i g a t i o n .  
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When t h e   e q u a t i o n   s t a t i s t i c s   a r e  examined it would seem t h a t   t h e  

func t i ona l   f o rms  and p r i c e   p r o x i e s  chosen  pro-vide  qui te good 

explanatory  power.   This i s  p a r t i c u l a r l y   t r u e   c o n s i d e r i n g   t h a t  the 

e s t i m a t i o n  was based  on c ross -sec t i ona l   da ta .   Fo r   a l l   equa t ions ,  

t h e  F s t a t i s t i c  i s  h i g h  enough t o  ensure r e j e c t i o n  o f  t h e  n u l l  

h y p o t h e s i s   ( t h a t   a l l  the c o e f f i c i e n t s   e q u a l   z e r o ) '   a t   t h e  .01 l e v e l .  

F i n a l l y ,   n o t e   s h o u l d  be made o f   t h e   r e p o r t e d   e l a s t i c i t i e s .  The 

p r i c e   e l a s t i c i t i e s   a r e   r e p e a t e d   f r o m   T a b l e  8.4 and  need  no f u r t h e r  

d iscuss ion .  The ' o u t p u t   e l a s t i c i t i e s '  must  be i n t e r p r e t e d   w i t h  

care.  I f  the   p roxy   employed  fo r   ou tpu t   ( to ta l   employee  hours )  does 

no t   m is represent   the   re la t ionsh ip   be tween  water   in take  and t h e  f i r m s  

o u t p u t ,   t h e n   t h e   r e s u l t s   a r e   q u i t e   i n t e r e s t i n g .  The ou tpu t  

e l a s t i c i t y   f i g u r e s   s u g g e s t   t h a t ,   f o r  unchanged p r i c e s  and us ing  

c u r r e n t   t e c h n o l o g y ,   f u t u r e   g r o w t h   i n   t h e s e   i n d u s t r i e s  will be  water 

i n t e n s i v e   i n   n a t u r e .   W i t h   t h e   e x c e p t i o n   o f   t h e   t r a n s p o r t a t i o n  

goods,  food and conc re te   p roduc ts   i ndus t r i es ,  a  one per   cent   growth 

i n   o u t p u t   f o r  any i n d u s t r y  will l e a d   t o   a t   l e a s t  a  one per   cen t  

growth i n  water   in take .  The weakness w i th   wh ich   t echno log ica l  

change  can  be  modelled  using  cross-sectional  data,  however,  casts 

some doubt on t h e s e   o u t p u t   e l a s t i c i t y   e s t i m a t e s .  

The e m p i r i c a l   r e s u l t s   o f   t h i s  

They i n d i c a t e   i n d u s t r i a l   w a t e r  

p r i c e   o r   c o s t  o f  w a t e r   i n t a k e  

i n t a k e .  The r e s u l t s ,  however, 

avenues f o r   f u t u r e   r e s e a r c h .  

r e - e s t i m a t i o n   a r e   q u i t e   i n t e r e s t i n g .  

i n t a k e  demands a r e   s e n s i t i v e   t o   t h e  

and t h a t   o t h e r   w a t e r  uses i n f l u e n c e  

s u g g e s t   s e v e r a l   p o t e n t i a l l y   v a l u a b l e  I 
I 

. " - - . .  . , 
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D . Summary 

The purpose  o f   th is   append ix  was t o  document t h e   e f f o r t s   t o  

re -es t imate   water   in take  demand equat ions   us ing   1976  da ta   fo r   the  

B r i t i s h  Columbia  Manufactur ing  sector.  The r e s u l t s  summarized  here 

suggest   tha t   water   in take  demands a r e   s e n s i t i v e   t o   t h e   p r i c e   o r   p e r  

u n i t   c o s t  o f  i n t a k e   w a t e r   a n d   t o   t h e   l e v e l  o f  ou tpu t .  The rev i sed  

i n t a k e  demand e q u a t i o n s   a l s o   t e n t a t i v e l y   i n d i c a t e   t h a t   p e r   u n i t   c o s t  

may be a more impor tan t  economic v a r i a b l e .  t o  firm managers than the 

marg ina l   cos t   in   p lann ing   water   use .  

Research i n t o   t h e  economic c h a r a c t e r i s t i c s  of  I n d u s t r i a l   w a t e r  use 

i n  Canada i s  woefu l l y   inadequate .  Next t o  no th ing  i s  known 

r e g a r d i n g   i n d u s t r i a l   v a l u a t i o n  o f  - in take  water   or   whether  

techno log ica l   p rogress  has  been water -us ing   o r   water -sav ing .  These 

t o p i c s ,  and o the rs   men t ioned '   t h roughou t   t h i s   repo r t ,   ce r ta in l y   mer i t  

f u r t h e r   r e s e a r c h .  

" . 



- 105 - 

REFERENCES 

Al -Quanaibet ,  M. and R .  Johnston  (1985)   "Munic ipa l  Demand f o r  Water i n  
Kuwai t :   Methodologica l   Issues and Emp i r i ca l   Resu l t s " ,  W B ,  21(4) ,  
A p r i  1, 433-438. 

A lber ta   Envi ronment ,   P lanning  Div is ion,   P lanning  Serv ices  Branch 
(1983) .   A lbe r ta   I ndus t r i a l   Wa te r  Use Survey  1981,  Edmonton. 

Anderson, R. and J. Thursby,  (1985)  "Conf idence  Intervals for 
E l a s t i c i t y   E s t i m a t o r s   i n   T r a n s l o g   M o d e l s " ,  Ohio S t a t e   U n i v e r s i t y  
Department o f  Economics  Working  Paper  85-11,  June. 

Andrews, A.  and K .  Gibb  (1975) "An a n a l y s i s  o f  t h e   e f f e c t  o f  p r i c e  on 
r e s i d e n t i a l   w a t e r  demand: Met ropo l i tan   Miami " ,   Southern   Journa l  
o f  A g r i c u l t u r a l  Economics, 7 (1 ) ,  125-130. 

Babin,  F., C. Willis and P. A l l en   (1982) .   "Es t ima t ion  of S u b s t i t u t i o n  
P o s s i b i l i t i e s  between  Water  and other   Product ion  Inputs" ,   Amer ican 
Journa l  o f  A g r i c u l t u r a l  Economics,  64(1),  148-51. 

Berndt ,  E. (1976) ,   "Reconc i l i ng   A l te rna t i ve   Es t ima tes  o f  t h e   E l a s t i c i t y  
o f  S u b s t i t u t i o n " ,   R e v i e w , o f  Economi-c  and S t a t i s t i c s ,   5 8 ( 1 ) ,  59-68. 

Berndt ,  E .  and D.  Wood (1975),  "Technology,  Prices and the   Der i ved  
Demand fo r   Energy " ,  R.E.  S ta t . ,   56 (3 ) ,  259-68. 

Berndt,  E.  and  L. Chr istensen  (1973),   "The  Translog  Product ion  Funct ion 
and t h e   S u b s t i t u t i o n  o f  Equipment,   Structures and  Labour i n  U . S .  
Manufactur ing,   1929-1968",   Journal   of   Econometr ics,   1(2),   81-114. 

B i l l i n g s ,  R. ( 1982) ,   ' ISpec i f l ca t i on  o f  B l o c k   R a t e   P r i c e   V a r i a b l e s   i n  
Demand Models", Land  Economics,  58(3),  386-394. 

B i l l i n g s ,  R. and D. A g t h e   ( 1 9 8 0 ) .   " P r i c e   E l a s t i c i t i e s   f o r   W a t e r :  A Case 
o f  Inc reas ing   B lock   Rates" ,  Land  Economics,  56(1),  73-84. 

B i l l i n g s ,  R., and D. Ag the   (1981) ,   "P r i ce   E las t i c i t i es   o f   Wa te r :  A Case 
o f  Inc reas ing   B lock   Rates :   Rep ly " ,  Land  Economics,  57(2),  276-278. 

Bowden, G. (1985)  "Water  and  Canadjan  Agr icul ture:   Selected  Issues",  
Research   Repor t   18   fo r   the   Inqu i ry  on Federal   Water  Pol icy,  
Environment Canada. 

B r i t i s h  Columbia  Water  and  Waste  Association  (1979),  Survey of 
Municipal   Water and Sewer Rates for  B r i t i s h  Columbia,  Vancouver. 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I. 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 

- 106 - 

B r i t i s h  Columbia  Water  and  Waste  Association  (1982),  Survey  of 
Municipal  Water and  Sewer Rates f o r   B r i t i s h  Columbia,  Vancouver. 

Brown, G., and B. FieJd  (1979),  "The  Adequacy  of  Measures  for 
S i g n a l l i n g   t h e   S c a r c i t y   o f   N a t u r a l   R e s o u r c e s " ,   i n  V .  Smith,  ed., 
S c a r c i t y  and  Growth  Reconsidered,  Resources f o r   t h e   F u t u r e ,  
Ba l t imore .  

Brown, G.M. and R .  Johnson,   (1983) .   "Po l lu t ion   Cont ro l   by   E f f luen t  
Charges: It works i n   t h e   F e d e r a l   R e p u b l i c   o f  Germany, Why n o t   i n  
t h e  U.S." ,  NRJ, 24( 4) ,  October  929-967. 

Burgess, D .  (1974),   "Product ion  Theory  and  the  Der ived Demand f o r  
I m p o r t s " ,   J o u r n a l   o f   I n t e r n a t i o n a l  Economics, 4, 103-117. 

Burgess, D .  ( -1975).   "Dual i ty  Theory and P i t f a l l s   i n   t h e   S p e c i f i c a t i o n  
of   Technology" ,   Journal   o f   Econometr ics ,  3,  105-121. 

Carver, P. and  J.  Boland  (1980),  "Short and  Long Run E f f e c t s   o f   P r i c e  
on Municipal  Water  Use",  Water  Resources  Research, 20( 1 )  , 609-616. 

' Chri  stensen,  L.,  D .  Jorgenson  and L.  Lau  (1973).  "Transcendental 
Logar i t hm ic   P roduc t i on   F ron t i e rs " ,  R.E. Stat.,   55(1),  28-45. 

DeRooy, J .   (1974) ,   "P r i ce   Respons iveness   o f   t he   I ndus t r i a l  Demand f o r  
Water",  Water  Resources  Research,  10(3),  403-406. 

Diewer t ,  W.E. (1975)   "App l ica t ions   o f   Dua l i t y   Theory ' ' ,  i n  M. 
I n t r i l l i g a t o r  and D. K e n d r i c k s   ( e d s . )   F r o n t i e r s   o f   Q u a n t i t a t i v e  
Economics, VII, Amsterdam: North-Holland  106-71. 

Erxleben,  J.  and E. Hoyes ( 1 9 8 3 ) ,   " I n d u s t r i a l   W a t e r   A l l o c a t i o n  and 
U t i l i z a t i o n   i n   A l b e r t a " ,  Canadian  Water  Resources  Journal,  8(4), 
20-35. 

F i e l d ,  B., and C .  Grebens te in   (1979) .   "Subs t i t u t i ng   f o r   Wate r   I npu ts   i n  
U.S. Manufactur ing" ,  m, 15(  2),  228-232. 

F i e l d ,  B., and C.  Grebenste in   (1980) .   "Cap i ta l  - E n e r g y   S u b s t i t u t i o n   i n  
U.S. Manufactur ing" ,  R.E. S ta t . ,   62(2) ,  207-212. 

F isher ,  A. (1979),   "Measures  of   Natural   Resource  Scarci ty" ,  i n  V. 
Smi th,   ed. ,   Scarc i ty  and  Growth  Reconsidered, a. m., 249-271. 

F o r t i n ,  M. (1985),  "User Pay P r i c i n g   i n   t h e  Canadian  Municipal  Water 
I n d u s t r y " ,   R e s e a r c h   R e p o r t   1 0   f o r   t h e .   I n q u i r y  on Federal  Water 
Pol icy ,   Env i ronment  Canada, Ottawa. 

Fos ter ,  H.,  and B. Beat t ie   (1979) .   "Urban  Res ident ia l  Demand f o r  Water 
i n   t h e   U n i t e d   S t a t e s " ,  Land  Economics, 55(1) ,  43-59. 



- 107 - 

Foster ,  H., and  8. Bea t t i e   (1981) ,  "On t h e   S p e c i f i c a t i o n   o f   P r i c e   i n  
S tud ies  o f  Consumer Demand under   B lock  Pr ice  Schedul ing" ,  Land 
Economics,  57(4),  624-629. 

Fos ter ,  H., and D. Sewell   (1981).  Water: The Emerging C r i s i s  i n  Canada, 
Canad ian   1ns t i t . u te   f o r  Economic Po l icy ,   Toron to .  

-Fuss, M. (1979).  "The Demand f o r  Energy i n  Canadian  Manufacturing", 
Journal   of   Econometr ics,   5(1),   89-116. 

Gardner   P info ld   Consul t ing  Economists   L td.   (1983) .  "A  Study  of   Water 
i n   t h e  Economy o f   A t l a n t i c  Canada" ,   Repor t   prepared  for   In land 
Waters  Di rectorate,   At lant ic   Region,   Env i ronment  Canada, H a l i f a x .  

G i l c h r i s t ,  D. (1983),   "Property  Rights  and  Water  Scarci ty:  A S e l e c t i v e  
Overview", CWRJ , 8( 4) , 88-99. 

Gray, S . ,  and R. Young (1972). The Economic  Value  of  Water:  Concepts 
and E m p i r i c a l   E s t i m a t e s ,   R e p o r t   t o   t h e  U.S. Nat ional   Water  
Commission,  Washington, D.C.. 

G r i f f i n ,  A., and W. Mar t i n   (1981) .  . " P r i c e   E l a s t i c i t i e s   o f   W a t e r :  A 
Case o f   I nc reas ing   B lock   Ra tes :  Comment", Land  Economics,  57(2), 
266-275. 

G r i f f i t h ,  F. (1984),  "Peak Use Charge: An Equ i tab le   Approach  to  
Charg ing   fo r   and/or   Reduc ing  Summer Peak Use", CWRJ, 9(3),  17-22. 

Grima, A. (1972)   Resident ia l   Water  Demand, A l t e r n a t i v e   C h o i c e s   f o r  
Management, Un ive rs i t y   o f   To ron to   P ress ,   To ron to .  

Grima, A.  (1984) ,   "Empir ica l   Bas is   for   Munic ipa l   Water   Rates 
M o d i f i c a t i o n " ,  CWRJ, 9 (3 ) ,  23-40. 

Hanke, S. (1978) "A Method f o r   I n t e g r a t i n g   E n g i n e e r i n g  and  Economic 
Planning" ,  JAWWA, 70(9),  487-92. 

Hanke, S.  and L. de  Mare.  (1982)  ' IResidential  water demand: A pooled, 
t ime   se r ies ,   c ross   sec t i on   s tudy   o f  Malmo, Sweden", Water 
Resources   Bu l len t in ,   18(4) ,  621-625. 

Hanke, S.  and M. F o r t i n  (1985)  "The  Economics of   Munic ipa l   Water  
Supp ly :   App ly ing   - t he  User-Pay Pr inc ipa l " ,   Research   Repor t  .21 f o r  
t h e   I n q u i r y  on  Federal   Water  Pol icy,   Environment Canada, Ottawa. 

Hanke, S . ,  and  L.  de  Mare  (1984),  81Municipal  Water Demands", i n  J. 
K i n d l e r  and C. Russell,  eds.,  Modeling  Water Demands, Academic 
Press,  London. 

Hare, K .  (1985),  "The  Impact  of Human A c t i v i t i e s  on  Water i n  Canada", 
Research  Report 2 f o r   t h e   I n q u i r y  on  Federal  Water  Pol icy, 
Environment Canada, Ottawa. 



- 108 - 

I 
I 
I 
II 
I 
I 
,I 
I 
I 

Herrington, P. (1985) , "Pricing  of  Water  Services",  draft  report  for 
the  Steering  Group  on  the  Economic  Aspects  of  Water  Conservation, 
Environmental  Committee  of  the  Group  of  Economic  Experts,  OECD. 

Hill, I., 6 .  McClennon and D .  Tate  (1983),  Wacroscale Modeling  of 
Water Demand  with Emphasis  on  the  Energy  Sector", CWRJ, 8( 4). 
67-87. 

Howe, C. and F .  Linaweaver  (1967)  "The  impact  of  price  on  residential 
water  demand  and  Its  relation  to  system  design  and  price 
structure", w, 3( 1 )  , 13-32. 

Humphrey, D . ,  and D .  Moroney (1975),  IISubstitution  of  Capital,  Labour 
and  Natural  Resource  Products  in  American Manufacturing', Journal 
o f  Political  Economy, 83(1), 57-82. 

Jones, C., and J. Morris (1984), "Instrumental  Price  Estimates  and 
Residential  Water  Demand", W B ,  20(2), 197-202. 

Kindler, J., and C. Russell (1984). "Methodological  Framework",  in 
Kindler  and  Russell e., Modelling  Water  Demands, a. clt. 

Kulshreshtha, S. (1983),  "Water  Demand in Saskatchewan:  Implications 
for Industrial  Development",  CWRJ, 8(4), 42-57. 

London, R. (1984), "Region o f  Durham  Experiences  in  Pricing  and  Water 
Conservation', CWRJ, 9(4), 19-28. 

Maddala, G. (1977),  Econometrics,  McGraw-Hill,  New  York. 

Millerd, F. (1984), "The  Role o f  Pricing  in  Managing  the  Demand  for 
Water",  CWRJ, 9( 4), 7-17. 

Mitchell, B. (1984), "The  Value  of  Water  as a Commodity",  CWRJ, 9(2), 
30-38. 

Moore, C. (1984) "UBC  NLE:  Zeros  of  Nonlinear  Equations",  University 
of  British  Columbia  Computing  Centre,  Vancouver. 

Muller, R. (1985),  "The  Socio-Economic  Value  of  Water  in  Canada", 
Research  Report 5 to  the  Inquiry  on  Federal  Water  Policy, 
Environment  Canada,  Ottawa. 

Nicol, T. (1984)  "Integration  Routines",  mimeo,  University o f  British 
Columbia  Computing  Centre,  Vancouver. 

Nordin, J. (1976), " A  Proposed  Modification o f  Taylorl's  Demand 
Analysis:  Comment",  Bell  Journal o f  Economics, 7 (Autumn),  719-721. 

Pearse, P. (1985) Currents  of  Change,  Final  Report o f  the  Inquiry  on 
Federal  Water  Policy,  Environment  Canada,  Ottawa. 



- 109 - 

Rao, P., and R. P r e s t o n ,   ( 1 9 8 3 ) .   I n t e r f a c t o r   S u b s t i t u t i o n  and T o t a l  
Fac tor   Produc t iv i t y   Growth :   Ev idence  f rom  Canad ian   Indus t r ies ,  
Economic C o u n c i l   o f  Canada d iscuss ion  paper  242, Ottawa. 

Rueggeberg, H. and A. Thompson (1984)  "Water Law i n  Canada",  Research 
Report  1 f o r   t h e   I n q u i r y  on  Federal   Water  Pol icy,   Environment 
Canada, Ottawa. 

Russe l l ,  R .  and M .  Wilkinson  (1979)  Microeconomics,  John  Wiley and 
Sons, New York. 

Sewel l ,  R .  and  L.  Roueche  (1974)  "Peak  load p r i c i n g  and urban  water 
management: V i c t o r i a ,  B.C., a case  study",  Natural  Resources 
Journa l ,   14(3) ,  383-400. 

Sigurdson, D. (1982) "Consumer Surplus  f rom  Publ ic  Water  Works",  
Canadian  Journal   of   Agr icul tural   Economics,   30(2),   359-368. 

S t a t l s t i c s  Canada, M a n u f a c t u r i n g   I n d u s t r i e s   o f  Canada: n a t i o n a l  and 
p r o v i n c i a l   a r e a s ,  (SC 31-203, annua l ) ,   var ious   i ssues .  

S t a t i s t i c s  Canada, M a n u f a c t u r i n g   I n d u s t r i e s   o f  Canada: sub -p rov inc ia l  
areas, (SC 31-209,  annual),   various  issues. 

S t a t i s t i c s  Canada, P r i v a t e  and Publ ic   Investment  i n  Canada: Mid  Year 
Review, (SC 61-206,  annual)  various  issues. 

Stone,  J.,  and D. W h i t t i n g t o n   ( 1 9 8 4 ) ,   " I n d u s t r i a l   W a t e r  Demands", i n  
Modeling  Water Demands, op. c i t . ,  51-101. 

Tate, D. (1983),  "Water Use i n   t h e  Canadian  Manufactur ing  Indust ry ,  
1976" ,   Soc ia l   Sc iences  Ser ies  18,   In land  Waters  Di rectorate,  
Environment Canada, Ottawa. 

Tate, D. (1984).  "Canadian  Water Management: A One-Armed Gian t " ,  CWRJ, 
9(3 ) ,  1-7. 

Tate, D., P. Reynolds  and P. Dossett  (1984).  "The  Role  of  Water 
P r i c i n g  i n  Canadian  Water  Management", mimeo, In land  Waters 
D i rec tora te ,   Env i ronment  Canada, Ottawa. 

Tate,  D., and D. Schar f   (1985) .   "1981  Indust r ia l   Water  Use Survey 
Tables:   Volume. I - Water Use i n  Manufactur ing" ,   In land  Waters 
D i rec tora te ,   Env i ronment  Canada, Ottawa. 

I 
I 
I 
I 
1 
E 
I 
I 
I 
I 
I 

Tate, D., and D. Schar f   (1985) ,   "1981  Indust r ia l   Water  Use Survey 
Tables:  Volume I 1  - Water Use i n   M i n e r a l   E x t r a c t i o n ,   T h e r m a l  Power 
and  ,Hydro  Power",   In land  Waters  Directorate,   Environment Canada, 
Ottawa. 



- 110 - 

I 
a 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 

Tay lor ,  L .  (1975), "The Demand f o r   E l e c t r i c i t y :  A Survey" ,   Be l l   Journa l  
o f  Economics, 6 (Spr ing) ,  74-110. 

Terza, J., and W. Welch  (1982),  "Estimating Demand Under  Block  Rates: 
E l e c t r i c i t y  and  Water", Land  Economics,  57(4),  624-629. 

T h r a l l ,  R . M . ,  e t .   a l .  eds.  (1976)  Economic  Modeling f o r  Water   Pol icy  
Eva lua t ion ,  Amsterdam, Nor th   Ho l land  Pub l ish ing .  

White, K .  (1978), " A  General Computer Program fo r   Economet r ic  Methods - 
SHAZAM", Econometrica,  46(1), 239-240. 

Ziegler,  J.,   and S. Be l l   (1984) .   "Es t ima t ing  Demand f o r   I n t a k e  Water  by 
Se l f - supp l i ed   F i rms" ,  W M ,  20(1), 4-8. 

. . .  


	Table of Contents

