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ABSTRACT 

Thls  report  presents  the  results  of  the  second  phase  of a study  lnto  the 
Brltlsh  Columbla  manufacturlng  sector's  water  demands.  The  second  phase 
extends  the  results o f  the  flrst  phase by employing a more  sophlstlcated 
economlc  model  and  more  advanced  statlstlcal  technlques.  Speclflcally, a 
system  of  water  demand  equatlons I s  estimated  for  each  Industry  group 
rather  than  slngle  equatlon  water  intake  demand  functions.  As  well,  an 
instrumental  varlables  approach I s  adopted  In  order  to  reduce  the 
estlmates'  slmultanelty  blas  and a hedonic  model I s  Introduced  as a flrst 
attempt.at  Incorporating  water  quallty  lnto  the  demand  structure. 

Emplrlcal  results  are  reported  for  four  manufacturlng  sub-groups: 
Petro-Chemicals,  Heavy  Industrles,  Forest  Products  and  Llght  Industrles. 
Demand  equatlons  are  derlved  from a water  use  cost  functlon In 
Cobb-Douglas  form.  Intake  prlce  elastlclties  range  from -0.12 
(Petro-Chemicals)  to -0.54 (Llght  Industry)  and  water  intake  elastlcltles 
wlth  respect  to  flnal  output  range  from 0.76 (Heavy  Industry)  to 1.9 

(Llght  Industry).  The  cross  prlce  elasticlty  between  water  lntake  and 
reclrculatlon I s  po.sltlve for  all  lndustry  groups  and  ranges  from 0.14 
(Petro-Chemicals)  to 0.26 (Heavy  Industry).  The  results  of  thls  project 
demonstrate  the  substantial  explanatory  power  of  economlc  models  and  the 
influence  of  economlc  varlables  on  lndustrlal  water use. 

There  still  exlst  enormous  gaps  In  the  amount  known  concernlng  the 
economlc  nature  of  water  demands  In  Canada.  Thls  study  concludes  wlth 
suggestlons  for  further  economlc  research. 
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RESUME 

Ce rappor t   p resen te   l es   rbsu l ta t s  de l a  seconde  phase  de l ' e t u d e  de l a  

demande d'eau  pour l e  s e c t e u r   l n d u s t r l e l  de l a  Colomble-Brltannique. 

Cette  deuxleme  phase comprend  une a m p l l f l c a t l o n  de l ' e t u d e  de l a   p r e m l e r e  

phase e t   a u s s l   l ' u t l l l s a t l o n   d ' u n  modele  economlque p l u s   s o p h l s t l q u e   e t  

des  methodes  de s t a t i s t l q u e s   p l u s  avancees.  Plus  speclfiquement, une 

se r le   d 'equa t lon  de demande d'eau  est   est lmhe  'pour chaque group 

d ' l ndus t r l e   p lu td t   qu 'une   equa t lon  de prhlevement  d'eau  pour chaque 

lndus t r le .   Auss l ,  une approche de v a r l a b l e s   l n s t r u m e n t a l s   e s t   u t l l l s e e  

pour   rCdu l re   les   es t lmat lons  de b l a l s  de   s lmu l tan6 l tCs   e t  un  modele 

hedon lque  es t   ln t rodu l t  comme p r e m l e r   e s s a l   p o u r   l n c l u r e   l a   q u a l i t 6   d ' e a u  
dans l 'encardrement   de  la  demande d'eau. 

Des resul ta ts   emplr lques  sont  donnPs pour  quatre  sous-groupes 

manufac tur le rs :   no tamnent ,   les   lndus t r les   lourdes   e t   legeres ,  

petro-chlmlques,  et  de bo is .  Les equations  de demande sont  derlvCes 

d 'une  fonc t lon  de c o o t   d ' u t l l l s a t l o n  des  eaux  de facon Cobb-Douglas. Les 

e l a s t i c i t e s  de p r l x  de  prklevement  d'eau  s'6tendent  de  -0.12  (Industr ies 

petro-chlmiques) a 0.54 ( I n d u s t r i e s   l e g e r e s ) ,   e t   l e s   e l a s t l c l t e s  de 

pre levement   d 'eau  re la t i ve   au   p rodu l t   f ina l   parcourent  de 0.76 

( l ndus t r l es   l ou rdes )  a 1.9 ( I n d u s t r i e s   l e g e r e s ) .   L ' e l a s t l c l t C   c r o l s b  des 

p r l x  de prClevement e t  de r e c l r c u l a t l o n   d ' e a u   e s t   p o s l t l f   p o u r   t o u s   l e s  

g roups   d ' l ndus t r l es   e t   va r le  de  0.14 ( lndust r les  pet ro-ch lmlques)  a 0.26 

( I ndus t r i es   l ou rdes ) .  Les r e s u l t a t s  de cette  etude  demontrent l e   p o u v o l r  

Ides modeles Cconomlques e t   l ' l n f l u e n c e  des va r lab les  economlques sur 

l l u t l l i s a t l o n  des eaux l n d u s t r l e l l e s .  

I 1  ex ls te   encore beaucoup  de lacunes  concernant  les  connalssances 

economlques pour l e  demande d'eau  au Canada. Cette  Ctude  conclue  avec 

des suggestlons  pour  de  plus amples recherches dans ce domalne. 
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CHAPTER I 

INTRODUCTION 

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

Th is   paper   p resents   the   resu l ts   o f   the  second  phase o f  an In land  

Waters Di rectora ' te   s tudy  o f   water  demands I n   t h e   B r i t i s h  Columbia 

manufac tur ing   sec tor .   In   the  first phase o f   the   s tudy ,   in fo rmat ion  

rega rd ing   i ndus t r i a l   wa te r   use  i n  B r i t l s h  Columbia was discussed 

(Renzet t i ,  1986). As we l l ,   t ha t   repo r t   p resen ted  a t h e o r e t i c a l  

economic  model o f   i n d u s t r i a l   w a t e r  demand and app l i ed  i t  t o   t h e  

B r i t i s h  Columbia po r t i on   o f   t he  1981 N a t i o n a l   I n d u s t r i a l  Water Use 

Survey. The r e s u l t s  o f  t h a t   e x e r c i s e   a r e  summarized i n   t h e   n e x t  

s e c t i o n   o f   t h i s   c h a p t e r .  

The second  phase o f  the pro jec t   represents   an   ex tens ion  o f  t h e  

economic  and s t a t i s t i c a l  methods  used i n   t h e   f i r s t  phase. A 

genera l ized  form o f  t h e  economic  model  and  more soph is t i ca ted  

s t a t i s t i c a l   t e c h n i q u e s   a r e  employed. More d e t a i l   r e g a r d i n g   t h e s e  

methods  and how they  represent  advances  over  those  used I n   t h e  phase 

one study js p r o v i d e d   I n   t h e   t h i r d   s e c t i o n   o f  t h i s  chapter.  

B. S u m a r y   o f   " I n d u s t r i a l  Water Demand i n  B r i t i s h  Columbia" 

The f i rst  phase o f   t h i s   p r o j e c t  had the   fo l low ing   four   ma jor   goa ls :  

1. r e v i e w   t h e   p r o f e s s i o n a l   l i t e r a t u r e   r e l e v a n t   t o   t h e  

economics o f   I n d u s t r i a l   w a t e r  demands 

11. construct  an  economic model o f   i n d u s t r i a l   w a t e r  demands 

111.   apply   that  model u s i n g   t h e   B r i t i s h  Columbia p o r t i o n   o f   t h e  

I n d u s t r i a l  Water Use Survey  and  report any r e s u l t s  

iv.   determine  what  future  studies  to  conduct and t h e  methods t o  

be  used i n  them. 

The r e v i e w   o f   t h e   l i t e r a t u r e   r e v e a l e d   t h a t   s c a n t   a t t e n t i o n  had  been 

p a i d   t o   t h e   n a t u r e   o f   w a t e r  demands i n   N o r t h  America.  While a l a r g e  
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onsidered  domestic  wat e r  dem lands most o f  

these  have  adopted  over ly  s imple  funct ional   forms  and  est imat ion 

procedures.  Exceptions  Include Jones  and Morrls  (1984)  which 

employs  an Instrumental   var iables  approach and Al-Quanaibet and 

Johnson (1985)  which  uses  an OLS es t ima t ion  model b u t  employs a 

Stone-George u t i l i t y  framework t o   d e r i v e   e s t i m a t i b l e   f o r m s   f o r  

demand equations. The municipal   water demand l i t e r a t u r e  i s  reviewed 
i n   K l n d l e r  and  Russell  (1984). 

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

less  complete  than  that   address ing  munic ipa l   water  demands. U n t i l  

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

r e l i e d  on the   f i xed   coe f f i c ien t   'wa ter   requ i rements '   approach  wh ich  

assumed a f i x e d   r e l a t i o n s h i p  between e i the r   wa te r   i n take  and output  

o r   water   in take  and t h e   q u a n t i t y   o f  some other   input   (Boland,  e t  a l ,  

1983). DeRooy (1974)   represents   an  ear l ier   a t tempt  at es t ima t ing  

i n d u s t r i a l   w a t e r  demands us ing  firm l e v e l   d a t a   f r o m   t h e  New Jersey 

chemica l   i ndus t r y   bu t   t ha t   s tudy   su f fe rs   f rom  an   ove r l y   s lmp l l f i ed  

model o f   I n p u t  demand. F i e l d  and  Grebenstein  (1979)  and  Babin, 

Wlllis and A l len   (1982)   bo th   es t imate   t rans log   cos t   func t ions   fo r  

U.S. manufac tur ing   w i th   water   in take  as  one Input.   Whi le  employing 

a t h e o r e t i c a l l y  sound  model o f   t he   i ndus t r y ' s   t echno logy   t hese  

s t u d i e s '   e m p i r i c a l   r e s u l t s   a r e  weakened by  the  poss ib le   presence  o f  

aggregat lon and s imu l tane l t y   e r ro rs .  The l a t t e r  may have  occurred 

as a resu l t   o f   inpu t   p r ices   be ing   de f ined  by   the   observed  expos te  

average  cost. 

Before  beginn ing an economet r ic   s tudy   o f   indus t r ia l   water  demands i n  

B r i t i s h  Columbia  an  understanding  o f   the  phys ica l   character is t ics   o f  

Indus t r ia l   water   use  I s  necessary. The B r i t i s h  Columbia 

manu fac tu r ing   sec to r ' s   wa te r   i n take   f o r  1981 was 5600 m i l l i o n   l i t r e s  

per  day - represent ing  61 percent   o f   a l l   recorded  water   w i thdrawals  

i n  B r i t i s h  Columbia  (1981 Canada Water  Yearbook). O f  t h e   t o t a l  

manufac tur ing   in take   f igure ,   four   indus t r ies   (Pr imary   Meta ls ,  Paper 

and Al l ied  Products,   Chemical  and  Chemical  Products,  and  Petroleum 
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and  Coal  Products)  account f o r  95 percent.  As w e l l ,  most i n d u s t r i a l  

water  use i s  for   cool ing,   condensing and  steam generat ion'  and  most 

water   in take i s  f r o m   p r i v a t e   s o u r c e s   r a t h e r   t h a n   p u b l i c   u t i l i t i e s .  

The l a t t e r   o b s e r v a t i o n   i s   i m p o r t a n t  as i t  i m p l i e s   t h a t   t h e  
p rov inc ia l   wa te r   l i cence   f ees   a re   t he   on l y   ex te rna l   p r i ce   f o r   wa te r  

many B r i t i s h  Columbian  manufacturing f i r m s  face. A s  w e l l ,   t h e  

predominance o f   p r i v a t e   i n t a k e  systems  suggests tha t   wa te r  use cos ts  

may be a sma l l   f r ac t i on   o f   t he   ave rage   manu fac tu r ing   f i rm 's  

opera t ing   cos ts .   Th is  i s  indeed  the  case; i n  1981 water  use  costs 

represented no more than 3 p e r c e n t   o f   o p e r a t i n g   c o s t s   f o r   B r i t i s h  

Columbia  manufactur ing  industr ies . 2 

The i n p u t  demand model  used i n  t h e   f i r s t  phase o f   t h e   p r o j e c t  was 

der ived  f rom  the  assumpt ion  that   manufactur ing f i r m s  a re  
cost-minimizers.  As a r e s u l t  o f  t h i s  behavioural  assumption, t h e  

model o f  water   In take demand emphasized t h e   p r i c e s   o f   a l l   i n p u t s  

( i n c l u d i n g   t h e   p r i c e  o f  water   in take)  and the   l eve l   o f   ou tpu t   as  

var iab les   exp la in ing   water   in take  demand. Spec l f l ca l l y ,   wa te r  

I n take  demand was modeled  as a f u n c t i o n   o f   t h e   f o l l o w i n g :   t h e  

p r i ces   o f   wa te r   i n take ,   wa te r   t rea tmen t ,   wa te r   rec i r cu la t i on  and 

water  discharge; and the   l eve l   o f   ou tpu t .   Wh i le   seve ra l   cons t ruc ted  

p r i c e   p r o x i e s  were  employed  none o f   these  adequate ly   dea l t   w i th  the 

s imu l tane i ty   b ias   p resent  due t o   p r e v e l a n c e  o f  b lock   ra te   wa te r  

p r i c e   s t r u c t u r e s  and  due t o   t h e  use of  observed  average  cost as one, 

p r o x y   f o r   p r i c e .  These problems  are  discussed i n  more d e t a i l  i n  

Chap te r   f ou r   o f   t he   p ro jec t ' s  first repor t .  

D e s p i t e   t h e   s i m p l i f i e d   e s t i m a t i o n  model  employed, some i n t e r e s t i n g  

e m p i r i c a l   r e s u l t s  were  obtained. These were  reported i n  Chapter s i x  

'I I n   a d d i t i o n   t o   u s i n g   w a t e r   f o r   c o o l i n g  or for   process some l a r g e  
manufactur ing f i r m s  use  water t o  genera te   t he i r  own e l . e c t r i c i t y .  
Th is   facet   o f   water   use i s  not  considered  by t h i s  p r o j e c t .  

? This   ignores  the  cost  o f  wate r   f o r   hyd roe lec t r i c   genera t i on .  
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o f   t h e   r e p o r t .  A11 o f   t h e   t w o   d i g i t  S I C  l e v e l   i n d u s t r i e s   s t u d i e d  

except   Cloth ing and T e x t i l e s  showed the  expected  inverse 

r e l a t i o n s h i p  be tween  quant i t y   o f   in take   water  demanded and i n t a k e  

p r i c e  and the   expec ted   pos i t i ve   re la t ionsh ip   be tween  water   in take  

and firm output.   Water  Intake own p r i c e   e l a s t i c i t i e s  ranged  from 

-0.01 fo r   P r imary   Me ta l s   t o  - 1 . 7  for  Petroleum  and  Coal  Products. 

I n   o r d e r   t o   e s t i m a t e  how indust r ia l   users  va lued  in take  water   the 

est imated demand equations  were  used to   de r i ve   app rox ima te   ne t  and 

gross   w i l l i ngness- to -pay   f igures .   Not   surpr is ing ly ,   these  es t imates  

t u r n e d   o u t   t o  be q u i t e  low;  ranging  from $0.9 per  1000 m3 f o r  

Primary  Metals t o  $48 per  1000 m f o r  Food and  Beverage  Products. 3 

C .  Purpose o f   t h e  Second Phase 
The purpose  of t h e  second phase o f  t h l s  study 1 s  t o  improve upon t h e  

emp i r i ca l   resu l t s   ob ta ined   du r ing   t he  f i r s t  phase. The use o f  more 

general  economlc  models and  more s o p h i s t i c a t e d   s t a t i s t i c a l  methods 

wlll l e a d   t o   t h e   g e n e r a t i o n   o f  more de fens ib le   emp i r i ca l   resu l t s .  

Several  methodological changes  have  been  adopted. 

F i r s t ,  t he   o rgan iza t i on  o f  the   da ta  will change.  Because a more 

s o p h i s t i c a t e d   s t a t i s t l c a l  model i s  used a l a r g e r  number of 
observat ions i s  r e q u i r e d   f o r  each es t imat ion .  Thus, t he   es t ima t ion  

will be  done a t  a h ighe r   l eve l   o f   da ta   agg rega t ion .   De ta i l s   a re  

provided i n   t h e   n e x t   c h a p t e r .  

The second extens ion stems f rom  the   expans ion   o f   t he   t heo re t i ca l  

model t o   i n c l u d e  endogenous i n p u t   p r i c e s ,   t h e   q u a l i f y   o f   i n p u t s  and 

t h e   j o i n t   d e t e r m i n a t i o n   o f   i n p u t  demands. These  changes t o   t h e  

t h e o r e t i c a l  model o f   i n d u s t r i a l   w a t e r  demands wlll a l l o w   t h e  

cons ide ra t i on   o f   b lock   ra te   wa te r   p r i ces  and wa te r   i npu ts   o f   va ry ing  

q u a l i t y .  
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The  third  extension  involves  the  estimatlon  procedure  to  be used. 
An  instrumental  variable  approach will be  used  to  deal  with  the 
potential  simultaneity  bias  introduced by using  the  observed  average 
cost  as a proxy  for  intake  price.  In  addition,  because  the 
theoretical  model  views  water  demands  as  part  of a system  of 
interrelated  input  demands,  all  of  the  input  demand  equations will 
be  estlmated  as a system of simultaneously  determined  equations. 

The  rest o f  this  report  is  organ1  zed  as  follows.  Chapter  two 
presents  the  data  and  theoretical  economic  model  of  industrial  water 
demand.  The  estimation  model  and  statistical  methods  are  discussed 
in Chapter  three.  Chapter  four  presents  the  empirical  results  and 
chapter  five  concludes  with a sumnary  and  suggestions  for  further 
study. 
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CHAPTER I 1  
DATA AND ECONOMIC MODEL 

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

I n   t h i s  Chapter  two  Items will be discussed. F i r s t ,  the   da ta   se t  

used f o r   t h i s   s t u d y  will be  out l ined.  Second, t h e  economic theory  

o f   i n p u t  demand wh ich   under l ies   the   es t imat ion  model will be 

p resen ted   b r i e f l y .  

8.  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.  Questionnaires  were 

sent   to   a lmost  5,000 manufactur ing f i r m s  reques t ing   de ta i l ed  

i n fo rma t ion  on t h e l r  uses o f  and expendi tures on water.  
Environment Canada received  approximately 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  

s tudy  on ly   the  set   o f   responses  f rom  the  Br i t ish  Columbia 

manufacturing  sector  were  used.  Table 2.1 prov ides a breakdown o f  

t he  372 responses  f rom  Br i t ish  Columbia  in to   the  four   "manufactur ing 

subgroups"   by   wh ich   t he   emp i r i ca l   resu l t s   o f   t h i s   i nves t l ga t l on  will 

be  reported.  Table 2.1 a l so   I nd i ca tes   wh ich   two-d ig i t  S I C  code 

manu fac tu r ing   i ndus t r i es   a re   i nc luded   i n  each o f   the   "manufac tur ing  

subgroups". 

The I n d u s t r l a l  Water Use Survey  contained  quest ions  regarding  the 

q u a n t i t i e s  and expendi tures on water  intake,  t reatment,  

r e c i r c u l a t i o n  and discharge. As w e l l   t h e   s u r v e y   I d e n t i f i e d   t h e  

source  o f   in take  water  and the   po in t   o f   d l scha rge   f o r   was te   wa te r .  

Th is   in fo rmat ion  i s  Impor tan t   f o r   de te rm in ing   wa te r   ren ta l   cos t  

based on p r o v i n c i a l  and mun ic ipa l   l i cens ing   regu la t i ons .  The survey 

a l s o  asked f o r  employment da ta   and  in fo rmat ion   regard ing   the   f i rm 's  

product  and product ion  process. 



- 7 -  

TABLE 2.1 

1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I- 
I 
I 
I 
I 

Organizat ion  o f   Observat ions  f rom  Br i t ish  Columbia 
N a t i o n a l   I n d u s t r i a l  Water Use Survey 

Manufactur ing 
Sub Group 

Indus t r y  
(and S I C )  

Number o f  
Observations 

1 )  Petro  Chemicals  Chemicals  (37) 47 
Petroleum and  Coal  Products  (36) 

2) Heavy Industry  Mineral   Products  (35) 
Transpor ta t ion  Equipment  (32) 
Meta l   Fabr ica t ing  (30) 
Primary  Metals  (29) 

91 

3)   Forest   Indust ry  Paper  and A l l ied   Produc ts   (27)  104 
Wood Products ( 25) 

4 )  L i g h t   I n d u s t r y   T e x t i l e s  (1s) 
Rubber  and P las t ics   (16)  
Food and  Beverages ( 1 0  

130 

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  are  two  other 

sources of   water   cost   data.  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  

Environment  suppl ied  informat ion on p rov inc ia l   wa te r   ren ta l   f ees  and 

water   l i cence  fees   fo r  f i r m s  w i th   p r i va te   i n take   sou rces .  The 

B r i t i s h  Columbia  Water  and Waste Water Associat ion  (1984)  provided 

d e t a i l e d   i n f o r m a t i o n  on mun ic ipa l   wa te r   ra te   s t ruc tu res . th roughou t  

B r i t i s h  Columbia. These two  sources  were  valuable as they  a l lowed 

i n t a k e   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  

those  f i rms  wh ich   d id   no t   supp ly   cos t   in fo rmat ion .   F ina 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 the   va lue   o f   ou tpu t  

f o r   B r i t i s h  Columbia  manufacturtng  industr ies and  on expendi tures 

f o r  non-water  inputs. The var ious  data  sources  descr ibed  here 

prov ide  an exce l l en t   sou rce   o f   i n fo rma t lon   rega rd ing   I ndus t r i a l  

water  use i n   B r i t i s h  Columbia. 
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C. Economic  Model 

I n  o r d e r   t o  model t he   va r ious  segments o f   t h e   B r i t i s h  Columbia 

manufactur ing  sector  i t  i s  assumed t h a t  each o f  them  can  be 

character ized  by a p o s i t i v e ,   s t r i c t l y  quasi-concave,  monotonic and 
t w i c e   d i f f e r e n t i a b l e   p r o d u c t i o n   f u n c t i o n   o f   t h e   f o l l o w i n g   g e n e r a l  

f orm: 

(1 )  Q = f (WI* WT, WR, WO, X) 

where Q i s  output ;  WI, WT, WR and WO a r e   t h e   q u a n t i t i e s   o f   w a t e r  

in take ,   water   t rea tment ,   water   rec i rcu la t ion  and water  d ischarge, 

respec t i ve l y ;  and X r e f e r s   t o  a v e c t o r   o f  non water  inputs  such as 

labour  and c a p i t a l .  The func t ion   represented  i n  equat ion (1) g ives 

t h e  maximum output  o f  each  manufacturing sub group  fo r  any s p e c i f i e d  

l e v e l   o f   t h e   i n p u t s  . 1 

The cos t   f unc t i on   re la tes   t he   p r i ces   o f   t he   i npu ts  and t h e   l e v e l   o f  

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

equat ion ( 1 ) -  the   cos t   f unc t i on  will be o f   t h e  form: 

where the Pi r e f e r s   t o   t h e   p r i c e  o f  t h e  ith inpu t .  Under t h e  

r e s t r i c t i o n s   p l a c e d  on the   p roduc t i on   f unc t i on ,  i t  can  be shown t h a t  

t he   cos t   f unc t i on  will be s t r i c t l y  quasi-concave,  posit ive,  non 

d e c r e a s i n g   I n   p r i c e s  and t w i c e   d i f f e r e n t i a b l e   ( D i e w e r t ,  1975). 

Because t h e   N a t i o n a l   I n d u s t r i a l  Water Use Survey  co l lected  data  on ly '  

on water  use i t  would be v e r y   d i f f i c u l t   t o   c o n s i d e r   i n p u t s   o t h e r  

Economic t h e o r y   d i c t a t e s   t h a t  a f i r m ' s  p r o d u c t i o n   f u n c t i o n   s a t i s f y  
c e r t a i n   p r o p e r t i e s .   F o r  example, i f  more i npu ts   a re  used  then more 
output  i s   p o s s i b l e .  The assumed c h a r a c t e r i s t i c s   e n s u r e   t h a t   t h e  
mathematical  expression  used t o   d e p i c t   t h e   p r o d u c t i o n   f u n c t i o n  
possesses  the  features  required  by economic t h e o r y   ( f o r  a f u r t h e r  
d iscuss ion,  see Varion, 1981,  ch. 1). These assumptions  are  a lso 
necessary t o  ensure   tha t  a c o s t   f u n c t i o n   d u a l   t o   t h e   p r o d u c t i o n  
funct ion  ex is ts   (Diewer t ,   1975) .  
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than  these i n   t h e   e s t i m a t i o n  model. As a r e s u l t ,  i t  i s  assumed t h a t  

t he   cos t   f unc t i on  i s  separable i n   t he   wa te r   i npu ts .   Tha t  i s ,  t h e  

cos t   f unc t i on  i s  assumed t o  have t h e   f o l l o w i n g   s t r u c t u r e :  

where t h e   f u n c t i o n  +( ) i s  a sub-cost  funct ion.  The i m p l i c a t i o n  

o f  t he  assumed s t r u c t u r e   o f   t h e   c o s t   f u n c t i o n  i s  t h a t   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  among t h e  components o f  +( ) a r e  

i ndependen t   o f   t he   l eve l s   o f   t he   quan t i t i es   o f   t he   o the r   i npu ts   i n  

g( ) . A's w e l l ,   t h e  assumed s e p a r a b i l   i t y  imp1 i e s   t h a t   a l l   o f   t h e  

i n p u t s   i n  +( ) have t h e  same e l a s t i c i t y   o f   s u b s t i t u t i o n  wi th  i npu ts  

no t   i n   t he   sub -cos t   f unc t i on ,  +( ). The reader i s  r e f e r r e d   t o  

Berndt and Chr is tensen  (1973)   for  a de ta i l ed   d i scuss ion   o f   t he  

i m p l i c a t i o n s   o f  assuming s e p a r a b i l i t y  i n  t h e   s t r u c t u r e   o f   t h e   c o s t  
func t ion .  

T h e r e   a r e   o t h e r   l i m i t a t i o n s   o f   t h e   f o r m  assumed f o r   t h e   c o s t  

f u n c t i o n   i n   e q u a t i o n  ( 2 ) .  By s p e c i f y i n g   t h a t   t h e   c o s t   f u n c t i o n  I s  a 

f unc t i on   o f   t he  exogenous p r i c e s  i t  i s   b e i n g  assumed t h a t   t h e  f i r m ' s  

( o r   i n d u s t r y ' s )  demand f o r   t h e   i n p u t  has  no impact on t h e   i n p u t ' s  

p r i c e  and t h a t  each u n i t   o f   t h e   i n p u t  i s  q u a l i t a t i v e l y   t h e  same. I n  

the   con tex t   o f   es t imat ing   the   sub-cos t   func t ion  +( ) f o r   B r i t i s h  

Columbian  manufactur ing  industr ies,  i t  i s  u n l i k e l y   t h a t   e i t h e r  o f  

these  assumptions i s  reasonable and t h a t   t o   m a i n t a i n  them  might  lead 

t o  a f lawed  est imat ion  procedure.  The reasons f o r   m i s t r u s t i n g   t h e s e  

assumpt ions  (exogenei ty   o f   input   pr ices and u n i f o r m i t y   o f   i n p u t  

q u a l i t y )  and t h e  ways i n  which  the  basic model o f   t h e   c o s t   f u n c t i o n  

can  be  extended  are  discussed  below. 

There  are  several  possible  reasons why t h e   p r i c e   o f  an  input  would 

no t  be  exogenous t o   t h e  firm. A f i r m ' s   ( o r   i n d u s t r y ' s )  demand f o r  

an i npu t   cou ld  be l a r g e   r e l a t i v e   t o   t h e   s i z e   o f   t h e   e n t i r e   m a r k e t  
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and t h i s  would  suggest some d e g r e e   o f   p r i c e   s e t t i n g  power by  the 

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

could be non-hor izonta l  and,  as a r e s u l t ,   t h e   m a r g i n a l   p r i c e   o f   t h e  

Input  would be a f u n c t i o n   o f   t h e   q u a n t i t y   t r a d e d .   T h i s  i s  u s u a l l y  
t h e   c a s e   f o r   i n p u t s   l i k e   w a t e r   o r   e l e c t r i c i t y   w h i c h   a r e   p r i c e d   i n  

b l o c k   r a t e   s t r u c t u r e s   b y   p u b l i c   u t i l i t i e s   ( K i n d l e r  and Russel l ,  

1984, Ch. 1 ) .  

As an i l l u s t r a t i o n   o f  how a non ho r i zon ta l   supp ly   f unc t i on   cou ld  be 

i nco rpo ra ted   I n to   t he  model o f   the   cos t -min imiz ing  firm, consider  

the   f o l l ow ing   s imp le  example o f  a firm opt imiz ing  over   two  inputs ,  

X1 and X2 and assume t h a t  p, i s  exogenous t o   t h e  firm w h i l e  

= p (X ) i s  t h e   ( i n v e r s e )   s u p p l y   f u n c t i o n   f o r  X2. The f i r m ' s  

problem i s   t h e   f o l l o w i n g :  
p2 2 2 

where A i s  t h e   L a g r a n g i a n   m u l t i p l i e r  and Qo i s  some a r b i t r a r y   l e v e l  

o f   ou tpu t .   So lv ing   t he  f i rs t  o rde r   cond i t l ons   f o r   t h i s   p rob lem 

y i e l d s  a sys tem  o f   two  in te r re la ted  demand equat lons:  

where t h e   s t a r  ( * )  Ind ica tes   the   op t ima l  amount o f   t h e   i n p u t  and n2 
i s  t h e   p r i c e   e l a s t i c i t y  o f  supp ly   fo r   inpu t   two.  

An a l te rna t ive   approach  to   the   reduced  fo rm method o f   adapt ing   the  

models i s  ava i l ab le .  I f  t h e   s p e c i f i c   f o r m   o f   t h e   I n t e r a c t j o n  
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between t h e   f i r m ' s  demand and t h e   p r l c e   o f   t h e   i n p u t  i s  unknown then 

t h e  model o f   t h e  f i r m ' s  i n p u t  demands can  be  used i n  an una l te red  

form  but  an Instrumental   Var iables  approach i s  used i n   t h e  

e s t i m a t i o n   o f   t h e   c o s t  and demand funct ions.   Th is   procedure will be 

discussed i n   t h e   n e x t   c h a p t e r .  

The second m a j o r   l i m i t a t i o n   o f   t h e   c o s t   f u n c t i o n  as expressed i n  

equat ion ( 3 )  i s  t h a t  i t  does n o t   a l l o w   t h e   q u a l i t y   o f  any o f  the 

i n p u t s   t o  be  included i n   t h e  model. I n  many ins tances   t he   qua l i t y  

o f  an i n p u t  i s  a very   impor tan t   cons idera t ion   fo r   the  firm. 

Consider some examples:  workers  can d i f f e r  as t o   t h e  amount o f  

re levant  job  exper ience  they  possess,  types  of   fuel  o i l  can d i f f e r  

i n   t h e i r  BTU/gal lon  rat ings and d i f f e r e n t   w a t e r   b o d i e s   c a n   d i f f e r  i n  
t h e i r   a l k a l i n i t y ,   a c i d i t y   o r  BOD l e v e l .  In the  case  o f  an i n p u t  
which has a s i n g l e   q u a l i t y   p a r a m e t e r   ( f o r  example,  'years  of 

exper ience '   for   workers)   then it may be p o s s i b l e   t o   r e d e f i n e  the 

i n p u t   r a t h e r   t h a n   t r y   t o   i n c o r p o r a t e  a q u a l i t y   p a r a m e t e r   i n t o   t h e  

demand model. I n  t h e  example of  workers,  the  model  might  be 

reformulated so t h a t   t h e  firm has separa te   (bu t   in te r re la ted)  

demands for   exper ienced and inexperienced  workers. This r e d e f i n i n g  

o f   the   inpu t   p rocedure  i s  n o t   f e a s i b l e   i n   a l l  cases  and i n  these 

i n s t a n c e s   t h e   q u a l i t a t i v e   c h a r a c t e r i s t i c ( s )   o f   t h e   i n p u t  must  be 

e x p l i c i t l y   i n c o r p o r a t e d   i n t o   t h e  demand model. 2 

There  are a t   leas t   two  reasons  why i t  would  not be f e a s i b l e   i n  

g e n e r a l   t o  expand the   vec to r  o f  i npu ts  i n  o r d e r   t o  encompass t h e  

qua l i t y   d imens ion .  F i r s t ,  wh i le   th is   approach may be appropr ia te  

f o r   i n p u t s   w i t h   w e l l   d e f i n e d   q u a l i t i e s  such as d r i l l  presses  or   fue l  

o i l  i t  may no t  be s a t i s f a c t o r y   f o r  goods character ized  by a 

continuum o f  q u a l i t i e s .  Not   on ly   would  the  vector   o f   inputs  become 

so l a r g e  as t o  make econometr ic   est imat lon  o f  a cos t   o r   p roduc t i on  

;2 Rosen (1974)  provides a de ta i l ed   d i scuss ion  on t h e   t h e o r e t i c a l  
aspec ts   .o f   the   top ic   wh i le  Spady and Fr iedlaender  (1978)  consider 
t h i s   p r o b l e m   i n   t h e   c o n t e x t   o f  an  appl ied economic  model. 
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on  infeasible,  but  also, if qu 

. .. 

ality i s truly  continuous,  th ,ere 
is no  convenient  way  to  define a quality-specific  Input  (cf.  Spady 
and  Freidlaender, 1978, p. 159-61). The  second  reason  stems  from 
Rosen's original  view  of  goods (1.e. inputs  or  outputs)  as  bundles 
of  quality  characteristics.  Rosen  then  developed a theory  of 
hedonic  prices  which  emphasizes  that  bundled  goods  may  be 
indivisible;  that  is,  not  subject  to  costless  'unbundling  and 
repackaging'  (Diamond  and  Smith, 1985, p. 281). The  above  reasoning 
suggests  that a more  appropriate  way  to  model  inputs  with  important 
and  discernible  characteristics  would  be  to  model  explicitly  the 
relationship  between  the  productivity  of  the  input  and  its 
attributes.  Thus,  the  primal  ptoductlon  function  in  equation (1 )  
could  be  rewritten: 

where a and B, ,  R 2  are  discernible  quality  characteristics  for 
intake  and  discharge  water,  respectively.  For  example a1 could 
measure  acidity  and aL2 could  measure  hardness.  The  resulting  dual 
cost  function  then  would  have  the  following  structure: 

1' a2 

where,  now,  the PHI ( ) and Pwo ( ) act  as  sub  aggregator 
functions  and Pa,, Pa2, PB1,  and  PB2  are  the  shadow  prices  of  their 
respective  quality  attribute.  The  derivation  of  these  shadow  prices 
1 s  discussed  in  the  next  chapter. 

3 

There  are  several  important  economic  variables  which  may  be  derived 
from  the  estimated  cost  function. A s  Indicated  In  the  above 
paragraph,  shadow  prices  for  alternative  qualitative  characteristics 

Readers  not  familiar  with  the  relationship  between  the  economic 
theories  of  duality  and  separability  are  referred  to  Berndt  and 
Christensen (1973).  and  Blackorby,  Primont  and  Russell (1977). 
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( i n   t h i s  case  di6ferent  forms o f  water  t reatment)   can  be  der ived. 

I n   a d d i t i o n ,   i n p u t  demand equations  can be obtained  using  Sheppard's 

Lema  (c f .   Var ian,  1978,  p. 32) i n  t h e   f o l l o w i n g  manner: 

.where x, (p,Q) i s  t h e   c o n d i t i o n a l  demand f o r   i n p u t  i, p i s  a vec tor  

o f   i n p u t   p r i c e s ,  Q i s  t h e   l e v e l  o f  output,  C(p,Q) i s  t he   cos t  

f u n c t i o n  and P i  i s  t h e  ith f a c t o r ' s   p r i c e .  

F i n a l l y ,  a s e t   o f   e l a s t i c i t i e s  can  be der ived  f rom  the  est imated 

cos t   f unc t i on .  The i n p u t s '  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   a r e  

eas l ly   der ived  f rom  parameter   est imates.  As w e l l ,   t h e   r e l a t i o n s h i p  

between  any p a i r   o f   i n p u t s  can  be  approximated  through  the 
cons t ruc t i on  o f  A l l e n   p a r t i a l   e l a s t l c l t i e s  o f  s u b s t i t u t i o n .  These 

economic va r lab les  show the  responsiveness  o f   an  Input   ra t io   (eg.  

c a p i t a l   t o   l a b o u r )   t o  an  incremental change i n   t h e   r a t i o   o f   t h e  

inputs '   p r i ces .   Formal ly ,   th is   can  be expressed as t h e   f o l l o w i n g  

(Var ian,  1978,  pp. 70-72): 

which,   by  us ing  the  economic  theory  o f   dual i ty ,   can  be shown t o  

equal   the  fo l lowing  expression  (Berndt  and Wood, 1975): 
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These e l a s t i c i t i e s   a r e   v e r y   v a l u a b l e   I n   c h a r a c t e r i z i n g   t h e  f i r m ' s  

technology as t h e y   c a n   I n d i c a t e   t h e   d e g r e e   o f   s u b s t i t u t i b i l l t y   o r  

complementar i ty  between  pairs  of   inputs.  

The economic  model o f   t h e   f i r m ' s   t e c h n o l o g y  and t h e   f i r m ' s   d e c l s l o n  

making as it I s  descr ibed i n   e q u a t i o n  (8)  has severa l   features  which 

make I t a t t r a c t i v e   f o r  use I n  water demand modeling. The 

behavioural   assumption  of   cost   mlnimlzing  behaviour  which i s  

l m p l l c l t  i n  the   cons t ruc t ion   o f   equat lon  (8 )  I m p l i e s   t h a t   t h e  flrm 

simultaneously  chooses  the  opt imal  levels  of  a l l   o f  i t s  inpu ts .  The 

op t ima l   quan t i t y   o f   wa te r   I n take ,   f o r  example, I s  then a f u n c t i o n   o f  

t h e   p r i c e s   o f   a l l   o f   t h e   i n p u t s   t h e  firm i s  employing.  Secondly, 

t h e   c o s t   f u n c t i o n   i n   e q u a t i o n  (8 )  i s  qu i te   genera l  as t o   t h e  

r e l a t i o n s h i p s  among inputs .  Whether  any p a i r   o f   I n p u t s   a r e  
complements or s u b s t l t u t e s  I s  an  empl r l ca l   ques t lon .   F lna l l y ,   the  

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

q u a l i t a t i v e   f e a t u r e s   o f   i n p u t s   ( p a r t i c u l a r l y   w a t e r )   i n t o   t h e   f i r m ' s  

decision  making  process.  This i s  a va luab le   fea ture  as f o r  many 

f i r m s  the   qua l i t y   o f   p rocess   water  i s  an  impor tant   cholce  var iab le.  

D.  Conclusions 

This  chapter has presented  the  data  set  and t h e  economic  model t o  be 

used i n   t h l s   p r o j e c t .  The data  set  i s  n a t i o n a l  i n  scope  and 

prov ldes   p lan t -spec i f i c   observa t ions  on the   manufac tur ing   sec tor ' s  

water  use and expendi tures.  The da ta   se t   a lso   p rov ides   in fo rmat ion  

on the  degree  of  water  treatment  conducted  by f Irms. The economic 

model presents a theo ry   o f  flrm decision  making  based on the   I dea   o f  

cost   mln lmlzat lon  through  the  s lmul taneous  cholce  o f   input  demands. 

The model  can  be  extended t o   a l l o w   f o r  nonexogenous I n p u t   p r i c e s  and 

t o   I n c o r p o r a t e   w a t e r   q u a l i t y   I n t o   t h e  f i r m ' s  cholce  set.  Having 

s p e c i f i e d   t h e   g e n e r a l   t h e o r e t l c a l  model It I s  now necessary t o  

de ta i l   the   economet r lc  methods t o  be  employed. 
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CHAPTER I11 

ESTIMATION MODEL 

I 
I 
I 
1 
I 
I 
I 

A. In t roduct ion-  
This  chapter will d e t a i l   t h e   e s t i m a t i o n  models  and  procedures  used 

t o   a p p l y   t h e   t h e o r e t i c a l  economic  model t o   t h e  1981 B r i t i s h  Columbia 

p o r t i o n   o f   t h e   I n d u s t r i a l  Water Use Survey. The s p e c i f i c a t i o n   o f  an 

es t ima t ib le   f o rm Cor the  water   use  cost   funct ion i s  discussed i n   t h e  

n e x t   s e c t i o n .   I n   t h e   t h i r d   s e c t i o n   t h e   g e n e r a t i o n   o f  the 

ins t rumen ta l l   va r iab le   f o r   t he   i n take   p r i ce  and the   hedon ic   p r ice  

f u n c t i o n   f o r   t h e   t r e a t m e n t   p r i c e  i s  discussed. 

0 .  The Water Use Cost  Function 

For  the  purposes  of   est imat ion i t  i s  necessary t o  employ a s p e c i f i c  

f u n c t i o n a l   f o r m   f o r   t h e   c o s t   f u n c t i o n   d e s c r i b e d   b y   e q u a t i o n   ( 8 )   i n  

the  prev ious  chapter .  The Cobb-Douglas func t i ona l   f o rm i s  chosen. 

Whi le  the Cobb-Douglas i s  no t  a f l e x i b l e   f u n c t i o n a l   f o r m ' ,  i t  does 

a l l ow   bo th   t he   es t ima t ion   o f  demand equations as a system and t h e  

e s t i m a t i o n   o f   t h e   i n p u t s '  own and c r o s s   p r i c e   e l a s t i c i t i e s  and own 

o u t p u t   e l a s t i c i t i e s .  

The water  use  cost   funct ion  being  considered has f o u r   i n p u t   p r i c e s  

and t h e   l e v e l   o f   o u t p u t  as i t s  arguments. The f o u r   i n p u t   p r i c e s   a r e  

the   f o l l ow lng :   p r i ce   o f   wa te r   i n take  ( P I N )  , p r i c e   o f  . water 

t r e a t m e n t   p r i o r  t o  use (PTRT), p r i c e   o f   r e c i r c u l a t i o n  (PRCR)  and 
p r i c e   o f   t r e a t m e n t   p r i o r   t o   d i s c h a r g e  (POUT). The f o u r   f a c t o r  

Cobb-Douglas cos t   f unc t i on  may be w r i t t e n .  

( 1 )  C = u P,jai + C P i  Qbi 
i 1 

Diewert   def ines a f l e x i b l e   f u n c t i o n a l   f o r m  as  one which  can  provide 
second order   approx imat ion   to  an a r b i t r a r y   t w i c e   d i f f e r e n t i a b l e  
func t i on .  'The translog  (Chr istensen,  Jorgenson and  Lau,  1971, 1973) 
s a t i s f i e s   t h i s   p r o p e r t y   b u t   i n i t i a l   e s t i m a t e s   u s i n g  t h i s  form  were 
unsuccessful ;  i n  p a r t i c u l a r ,   t h e  second order  terms  were 
i n s i g n i f i c a n t ,   s u g g e s t i n g  a Cobb-Douglas form. 
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The second te rm on the   r igh t -hand  s ide  o f  equat ion  (1)   a l lows  the 

Cobb-Douglas t o  be non-homothetic as t h e   l e v e l   o f   o u t p u t  appears i n  

each i n p u t  demand equation.  Using  Sheppard's Lema (Diewert,  1974) 

al lows  the  system o f  i n p u t  demand equat ions  to   be  der ived  f rom 

equat ion   (1 ) :  

( 2 )  aC a j - 1   a j   b i  
a P i  = X i  = ( a i  P i  ) u j  P j  t Q 

f o r  i=1..4 and j not  equal t o  i 

or, a f t e r   t a k i n g   t h e   n a t u r a l   l o g   o f   b o t h   s i d e s  o f  equat ion ( 2 ) .  

( 3 )  l n X i  = I n   ( a i )  t ( a i - 1 )   I n   ( P i )  t L a j   I n   ( P j )  t b i  I n  (Q)  
3 

f o r  1 = 1...4  and j not  equal t o  i 

where Xi I s  t he   cos t   m in im iz ing   cond i t i ona l  demand f o r   t h e  ith inpu t .  

A m a j o r   l i m i t a t i o n  o f  t h e  Cobb-Douglas f o r m   I s   t h a t  i t  assumes t h a t  

a l l  o f   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 i n p u t s   a r e   e q u a l   t o  

one . Nonethe less ,   c ross-pr ice   e las t i c i t ies   (cond i t ioned on a 

c o n s t a n t   l e v e l   o f   o u t p u t )  may be der ived.  From equat ions ( 3 )  t h e  

2 

ijth c r o s s   p r i c e   e l a s t i c i t y   i s   s i m p l y   e q u a l   t o   t h e   e s t l m a t e  of  the 

parameter (a,) f rom  the i equat ion.  A s  w e l l ,  each i n p u t ' s  own t h  

o u t p u t   e l a s t i c i t y  can  be der ived  f rom  the  est imated  parameter  (b ) .  J 

j 

The i n p u t   p r l c e   v a r i a b l e s  will be generated as fo l lows:  average 

cos t  will serve as a p r o x y   f o r   p r i c e s  of  r e c i r c u l a t i o n  and  treatment 

p r i o r   t o   d i s c h a r g e   w h i l e   i n t a k e  and t r e a t m e n t   p r i o r   t o  use will be 

generated  us ing  inst rumenta l   var iab le and hedonic methods, 

respec t i ve l y .  The two l a t t e r  procedures will be  explained i n  t h e  

nex t   sec t ion .   To ta l  employee  hours  per  year will be  used  as a proxy 

for the   ou tpu t   var iab le .  The system o f  t h e   f o u r  demand equations  as 

* I n  o r d e r   t o  see th is ,   app ly   equat ion   (11)   f rom  the   p rev ious   chapter  
t o   e q u a t i o n   ( 1 )  above. 
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descr ibed I n  equat ion ( 3 )  will be  es t imated   us ing   an   i te ra t i ve   ' two 

stage  least  squares  procedure wi th  the  appropr iate  homogeneity and 

cross  equat ion  symnetry  condi t ions imposed. All est ima t ion  will be 

conducted  using  the  computer  econometrics  package SHAZAM (White, 

1978). By comparing  equation ( 3 )  t o   e q u a t i o n  (1) i t  i s  apparent 

tha t   es t imat ing   the   sys tem  o f  demand equat ions i s   e q u i v a l e n t   t o  

es t ima t ing   t he   cos t   f unc t i on  and a l l   b u t  one o f   t h e  demand equat ions 

(due t o   t h e  adding-up  property  of  demand equat ions as  seen i n  

Euler 's  theorem - cf .   Var ian,  1978,  p.  269). 

Thus, the   s t ruc tu re   o f   the   water   use   techno logy   fo r   each  o f   the   four  

B r i t i s h  Columbia sub manufacturing  groups will be character lzed  by 

es t imat ing   the   sys tem  o f   four   Input  demand f u n c t i o n s   i n   e q u a t i o n  

( 3 ) .  I n   o r d e r   t o  do t h i s   t h e   e s t i m a t i o n  model  must  be p l a c e d   w i t h i n  

a stochastic  framework. It i s  assumed t h a t   t h e   d e v i a t i o n s   o f   t h e  

obse rved   quan t i t i es   f rom  the   op t ima l   i npu t   l eve l s   resu l t   f r om  e r ro rs  

i n   c o s t   m i n i m i z a t i o n  by t h e  f i r m s .  Thus, a d d i t i v e   e r r o r   t e r m s   a r e  

appended t o  each of   the  est imated  equat lons.  These er ro r   te rms  a re  

assumed t o  be Independen t l y   and   i den t i ca l l y   no rma l l y   d i s t r i bu ted  

w i t h  mean zero and a constant,   non-singular  var iance - covar iance 

m a t r i x .  

C .  Ins t rumenta l   Var iab le  and  Hedonic  Hodels 

I f  t h e   i n p u t   p r i c e s  were t r u l y  exogenous t o   t h e   i n d u s t r y   t h e n   t h e  

above d i scuss ion   o f   t he   es t ima t ion  model would  be s u f f l c i e n t .   B u t  

t h a t  i s  not   the  case when c o n s i d e r i n g   B r i t i s h  Columbia  water 

demands. The i n t a k e   p r i c e   I s   p o t e n t i a l l y  endogenously  determined 

because it i s  approximated  by  the  observed  exposte  average  -cost  of 

i n t a k e  and  because  most f i r m s  i n  t h e  sample face   dec l i n ing   b lock  

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

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

the   quan t i t y   o f   wa te r   w i thd rawn .   I n   t he   con tex t   o f   es t ima t ing   wa te r  

demand equations, t h i s  f u r t h e r   I m p l i e s   t h a t   t h e   p r i c e   r e g r e s s o r   t e r m  

i s   n o t  independent  of  the  disturbance  term.  Using OLS techniques I n  
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t h i s   I n s t a n c e  may lead  to   b iased  parameter   es t imates  (Maddala,  1977, 

ch.  11;  Judge, e t   a l ,  1982,  ch. 17) .  

I n  order   to   avoid  generat ing  b iased  parameter   est imates  an 

i ns t rumen ta l   va r iab le  method will be  used f o r   t h e   i n t a k e   p r i c e  

va r iab le .  A pr i ce   I ns t rumen t  will be created  by  regress ing  the 

observed  average  cost  of  intake  water  against a se t   o f   Ins t ruments  

which a r e  assumed t o  be  exogenous t o   t h e  f irm (and,  therefore,  

o r thogona l   t o   t he   e r ro r   t e rm)   bu t   co r re la ted   w i th   t he .   dependen t  

var iab le.   Fo l lowing  Tay lor   (1975)  and  Jones  and H o r r l s  (1984)  the 

s t ruc tu res   o f   the   b lock   ra te   schedu les   fac ing   Br i t i sh   Co lumbia  

manufactur ing f i r m s  will be  used to   c rea te   t he   reg resso rs .  

S p e c i f i c a l l y ,   t h e   f o l l o w i n g   e q u a t i o n  will be  est imated  (using OLS 

techniques) i n   o r d e r   t o   g e n e r a t e  an  inst rumenta l   est jmate f o r  the  

i n take   p r i ce   o f   wa te r :  

where Pi i s  t h e   i n t a k e   p r i c e ,  TCi i s   t h e   t o t a l   c o s t   o f   i n t a k e ,  Q, i s  

t h e   q u a n t i t y   o f   I n t a k e   w a t e r ,   a l l   f o r   t h e  ith firm. The s e t   o f  
regressors may be  descr ibed  through  reference t o   f i g u r e  1. The biJ 

a re   t he   d i f f e rences  between t h e   l e v e l s   o f   c h a r g e s   i n   t h e  jth block  

r a t e   p r i c i n g   s t r u c t u r e   f a c i n g   t h e  ith firm. The d regressors  are 
a s e t   o f  dumny var iab les .  The f i r s t  dumny tes ts   f o r   whe the r   t he  

firm i s  p u b l i c l y   o r   p r i v a t e l y   s u p p l i e d .  A second dumny t e s t s  

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

water.  A f l n a l   e x p l a n a t o r y   v a r i a b l e   i s   i n c l u d e d   w h i c h  measures t h e  

popu la t i on   o f   t he   t own   i n   wh ich   t he  firm i s  located.  The l a s t   t w o  

va r iab les   a re  meant t o   c a p t u r e  any  economies o f   s c a l e  I n  water 

13 
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d e l i v e r y   a f f e c t i n g   t h e   n a t u r e   o f   t h e   b l o c k   r a t e   s t r u c t u r e   f a c i n g   t h e  

firm . 3 

The o t h e r   p r i c e   v a r i a b l e   t o   r e c e i v e   s p e c i a l   a t t e n t i o n  i s  t h e   p r l c e  

o f   t r e a t m e n t   p r i o r   t o  use. Because t h i s   v a r i a b l e  i s  so c l o s e l y  

r e l a t e d   t o   t h e   q u a l i t y   o f   t h e  raw  intake  water i t  was decided t o  

est imate  an  hedonic  pr ice  funct ion  based on water  t reatment and t o  

use t h i s   e s t i m a t e d   f u n c t i o n   t o   g e n e r a t e   t h e   p r i c e   o f   t r e a t m e n t   p r o x y  

( ra the r   t han   s imp ly   rep resen t ing   t he   p r i ce   o f   t rea tmen t   va r iab le   by  

the  observed  average  cost   of   t reatment)  . 4 

According t o  Rosen (1975) a two  stage  procedure i s  necessary i n  

o r d e r   t o   i n c o r p o r a t e   q u a l i t y   a t t r i b u t e s   I n t o  a demand model. F i r s t ,  

the  observed  pr ice i s  r e q r e s s e d   a g a i n s t   t h e   q u a l i t y   a t t r i b u t e s :  

(5 )  P(Z )  = f (2, ... Zn) 

where P( 2)  I s  the   observed  p r ice  and t h e  Z1 I s  a r e   t h e   q u a l i t y  

a t t r i b u t e s .  Then t h e  shadow p r i c e   c o r r e s p o n d i n g   t o  each a t t r i b u t e  

i s  der ived  by t a k i n g   t h e   p a r t i a l   d e r i v a t i v e   o f   e q u a t i o n  ( 5 ) :  

( 6 )  P i  = aP(2)  = a f  (21 . . . . 2,) 

a z i  3 Z i  

These shadow p r i ces   a re   t hen  used  as endogenous va r iab les  I n  t h e  

second-stage  s imultaneous  est imat ion  of   the demand equations. An 

example o f   t h i s   p rocedure  I s  found i n  Spady and Friedlaender  (1978). 

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

The procedure  out l ined  should remove the   s imu l tane i t y  
c rea te  a he teroscedast ic i t y   p rob lem as the   es t ima t ion  

b i a s   b u t  may 
o f  eaua t i on 

( 7 )  draws  observa t ions   f rom  d i f fe ren t   b lock   ra te   s t ruc tu res   (c f .  
Jones  and Morr is ,  1984,  pp.  199-200). 

I n   o r d e r   t o   r e m a i n   c o n s i s t e n t  t h i s  procedure  should  be  fo l lowed  for  
t h e   p r i c e   o f   t r e a t m e n t   p r i o r   t o   d i s c h a r g e   v a r i a b l e  as w e l l .  Data 
l im i ta t i ons   p reven ted   t h i s   f rom  be ing  done. 
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s i m p l i f i e d   v e r s i o n   o f  Rosen's  method. The p r i c e   o f   t r e a t m e n t   p r i o r  

t o  use  (computed  as the  average  cost)  I s  regressed  against   the 

quant i t ies   o f   water   rece iv ing   var ious   types   o f   t rea tment .  The 

t rea tmen t   va r iab les   I nc luded :   ch lo r i na t i on ,   f i l t r a t i on ,   sc reen ing  

and hardness. The equat ion was est imated i n  double-log  form: 

( 7 )  I n  (PTRT) = Eai I n  (()Ti) 
i 

where t h e  QT1 rep resen t   t he   quan t i t y   o f   wa te r   rece iv ing  one o f   t h e  

four   t rea tment  methods. The est imated  equat ion was then  used t o  

generate  the  hedonic   proxy  for   the  pr ice o f  t reatment .  It i s  hoped 

tha t   t h i s   p rocedure  will do two  th ings. F i r s t ,  i t  wlll demonstrate 

t h e   f e a s i b i l i t y   o f   I n c o r p o r a t i n g   t h e   q u a l i t y   o f   w a t e r   I n t o  an 

economic  model o f   wa te r  use  and  second. i t  will i n d i r e c t l y   a c t  as an 

ins t rumenta l  - va r iab le   t ype   es t ima to r   ( t hus   he lp ing   t o   reduce   t he  
s imu l tane i ty   b las   p resent  i n  the   es t ima t ion  o f  ' the  system  of   water 

use demand equat ions).  

D.  Conclusions 

This chapter has de ta i led   the   economet r ic  model  and es t ima t ion  

procedures t o  be  used in   cha rac te r i z ing   t he   wa te r -use   t echno log ies  

o f   t h e   f o u r   B r i t i s h  Columbia  manufacturing  groups. A system o f  

demand equations,  derived  from  the  non-homothetic Cobb-Douglas cos t  

func t ion ,  I s  t o  be est imated  us ing a t w o   s t a g e   I t e r a t i v e   l e a s t  

squares  procedure wi th  the   I npu t   p r i ces   o f   wa te r   i n take ,   t rea tmen t  

p r i o r   t o  use, r e c i r c u l a t i o n  and t rea tmen t   p r i o r   t o   d i scha rge ,  and 

. output  as the  arguments. The p r i c e s   o f   r e c i r c u l a t i o n  and  treatment 

pr ior   to   d lscharge  are  approx imated  by  observed  average  cost .  The 

p r i ces   o f   wa te r   i n take  and t r e a t m e n t   p r i o r   t o  use  are  generated 

us ing   I ns t rumen ta l   va r iab le  and hedonic  methods,  respectively. 

To ta l  employee  hours  serve  as a p roxy   va r iab le   f o r   ou tpu t .  The 

r e s u l t s   o f   t h i s   p r o j e c t ' s   e m p i r i c a l  work a r e   r e p o r t e d   i n   t h e   n e x t  

chapter.  
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CHAPTER I V  

EMPIRICAL RESULTS 

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

This chapter   p resents   the   resu l ts   o f   the   es t imat ion   p rocedures  

conducted f o r   t h i s   p r o j e c t .   I n   t h e   n e x t   s e c t i o n   t h e   e s t i m a t e d  
c o e f f i c i e n t s   o f  the water-use demand equat ions  are  repor ted and 

In te rp re ted .  The es t imated  ins t rumenta l   var iab le  and hedonic  models 

a r e   r e p o r t e d   I n  an appendix. 

8. Demand Equat ion  Resul ts 

As I nd i ca ted   i n   t he   p rev ious   chap te r   t he   es t ima t ion  model cons is ted 

o f   f o u r  demand equat ions:   water   In take,   water   t reatment   pr ior   to  

use ,   water   rec i rcu la t ion  and wa te r   t rea tmen t   p r i o r   t o   d i scha rge .  
The exp lana to ry   va r iab les   p resen t   i n  each  equation  were  the own 

p r i ce ,   t he   o the r   t h ree   i npu ts '   p r l ces  and t h e   l e v e l  o f  output .  The 

equations  were  est imated  slmu'l taneously  as a system wt th  the  

homogeneity  and  cross-equat ion  restr ict ions demanded by  economic 

theory  imposed. All equations  were  est imated i n  double- log  form  by 

a two-stage  i terat ive  least   squares  procedure on the  computer 

econometric  package SHAZAM (1978). The r e s u l t s   f r o m   t h l s   e s t i m a t l o n  

a re   repo r ted   I n   Tab le  4.1. 

The f i rst  t h i n g   t o  be  noted when i n t e r p r e t i n g   t h e   f i g u r e s   i n   T a b l e  

4.1 i s  t h a t ,  because the  est imated  equat ions  were i n   d o u b l e - l o g  

fo rm,   t he   es t ima ted   coe f f i c i en ts  may be  in terpreted  as 

e l a s t i c i t i e s .  Thus, t h e   c o e f f i c i e n t   f o r   l n ( P 1 N )   i n   t h e   i n t a k e  

equat ion may be   In te rpre ted  as 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  

water  (equal t o  -0.118 for   the  Petro-Chemical   indust r ia l   group) ,   the 

c o e f f i c i e n t   f o r   I n  (PTRT) may be  seen  as t h e   c r o s s   p r i c e   e l a s t l c l t y  

o f   i n take   wa te r  wi th  r e s p e c t   t o   t h e   p r i c e  o f  wate r   t rea tmen t   p r i o r  

t o  use ( i n   t h e  case of  Petro-Chemicals,  equal t o  0.058) and'  the 

c o e f f i c i e n t  on t h e  I n  (Q) t e rm  rep resen ts   t he   ou tpu t   e las t i c i t y   o f  
i n take   wa te r   (equa l l i ng  1.63 for  Petro-Chemicals). The c o e f f i c i e n t  
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Table 4.1 

Est imated Demand Equat ion   Coef f i c ien ts  

Petro-Chemical 

Demand Equations1 

I n t a k e  

-8.2939 
( -3.5368) 

-0.11  862 
( -2.2625) 

0.58297E-1 
( 0.46382) 

0.14618 
(2.1697) 

-0.85849E-1 
( -1 .3203) 

1 .6289 
(1.8347) 

R3=. 6260 

Treatment 

-26.351 
( -6.8949) 

0.58297E-1 
( 0.46382) 

-0.36076 
( -1 -3459) 

0.27856 
( 1.7846) 

0.23901 E-1 
(0.19509) 

2.6665 
(7.7234) 

R 2 = .  61 00 

Reci rcu lat ion  Discharge 

-21.448 
(-5.9757) 

0.14618 
(2.1677) 

0.27856 
( 1.7846) 

-0.59720 
( -3.4366) 

0.17246 
( 2.0795) 

2.4799 
(7.9587) 

R2=.  6309 

System LLF = -408.252 
No. of  Observat ions = 47 

-9.0530 
( -3.7653) 

-0.85849E-1 
( -1 ,3203) 

0.23901 E-1 
(0.19509) 

0.17246 
( 2.0795) 

-0.11051 
( -1  -2760) 

1 .6347 
(7.7188) 

R2=. 5678 
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Table 4.1 (Cont 'd)  

Est imated Demand Equat ion   Coef f i c ien ts  

Heavy 

Demand Equations1 

In take  Treatment   Recl rcu lat ion  Discharge 

1.6620 -8.681 2 -3.9460 0.5001 
( 0.94282) ( -4.0723) (-1.7188) (0.29723) 

-0.24857  0.62342E-1 0.25298 -0.66754E-1 
(-4.3412) ( 1.2282) ( 5.0733) ( -1 -8456) 

0.62342E-1  0.38777E-1 -0.561 61 E-1 -0.44958E-1 
( 1.2282)  (0.5710)  (-1.0608) ( -1.0940) 

0.25298 -0.561  61 E-1 -0.44526 0.25844 
( !i. 0733) ( -1 ,0608) ( -5.6620) (5.2551) 

-0.66754E-1 -0.44958E-1 0.25844 -0.14673 
( -1  ,8456) (-1.0900) (5.2551) ( -3.5025) 

0.69397 0.94915 0.58836 0.68698 
(4.5978) ( 5.2292) ( 3.0290) ( 4.8097) 

R2:=. 2289 R2=. 2890 R2=. 3320 R2=. 1922 

System LLF = -819.025 
No. of  Observat ions = 91 
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Table 4.1 (Cont 'd)  

Est imated Demand Equat ion   Coef f i c ien ts  

Fores t  

Demand Equat  ions1 

In take  

-3.1382 
(-0.99336) 

-0.50599 
(-8.8151) 

0.49702 
( 7.6083) 

0.15630 
(5.0897) 

-0.14733 
( -4.7547) 

n .1659 
( 4.9498) 

R 3 = .  2392 

Treatment 

-18.971 
( -4.5805) 

0.49702 
( 7.6083) 

-0.92272 
( -8.6393) 

0.23266 
( 6.3604) 

0.19303 
( 3.6920) 

1.6647 
( 5.4067) 

R 2 = .  21 39 

R e c i r c u l a t i o n  

-8.41  94 
( -2.3982) 

0.15630 
( 5.0897) 

0.23266 
( 6.3604) 

-0.50891 
( -9.4700) 

0.11995 
( 4.4674) 

1.051 4 
(4.0255) 

R 2 = .  5442 

System LLF = -946.828 
No. of  Observations = 104 

Discharge 

-2.2838 
( -0.79674) 

-0.14733 
(-4.7547) 

0.19303 
( 3.9620) 

0.1 1995 
( 4.4674) 

-0.16566 
( -4.8660) 

1.0450 
( 4.8994) 

R2=. 3000 
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Table 4.1 (Cont 'd)  

Est imated Demand Equat ion   Coef f i c ien ts  

L l g h t  

I n take  

-10.991 
( -4.7689) 

-0.53678 
( -1  6.735) 

0.50083 
(15.069) 

0.20889 
( 6.9036) 

-0.17294 
(-7.9774) 

1.9439 
(9.8356) 

R3:=. 231 1 

Demand Equations1 

Treatment 

-5.6732 
( -2.2540) 

0.50083 
( 15.069) 

-1.0719 
( -1 8.226) 

0.38876 
(9.4225) 

0.18227 
( 5.921 4) 

0.55238 
(2.5622) 

R2=. 6024 

R e c i r c u l a t i o n  

-8.9730 
(-2.9514) 

0.20889 
(6.9514) 

0.38876 
(9.4225) 

-0.77584 
( -1 3.034) 

0.17818 
( 6.0898) 

1.1837 
( 4.5802) 

R2=. 4475 

System LLF = -1071.83 
No. of Observat lons = 130 

Discharge 

-7.5446 
( -4.4290) 

-0.17294 
(-7.9774) 

0.18227 
(5.9214) 

0.17818 
( 6.0898) 

-0.18751 
(-7.4168) 

1  S514 
(10.658) 

R2=. 3497 
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Table 4.1 (Cont 'd)  

Estimated Demand Equat ion   Coef f i c ien ts  

Notes : 

1Al1 equations  were  estimated i n  double-log  form. The four  equat ions 
were  estimated as a system w i t h  homogeneity  and  cross  equation 
r e s t r i c t i o n s  imposed. The homogeneity r e s t r i c t i o n   r e q u i r e s   t h a t   t h e  
c o e f f i c i e n t s  on the   p r i ce   t e rms  sum t o  ze ro   f o r  each  equation. The 
c r o s s   e q u a t i o n   r e s t r i c t i o n s   r e q u i r e   t h a t   t h e   m a t r i x   o f   p r i c e  
c o e f f i c i e n t s  be symnetric.. The f i g u r e s  i n  brackets   a re  t values. 

*The v a r i a b l e   d e f i n i t i o n s   a r e  as fo l lows:  

I n  ( P I N )  = l o g  of  i n t a k e   p r i c e  
I n  (PTRT) = l o g   o f   t r e a t m e n t   o f   w a t e r   p r t o r   t o  use p r i c e  
I n  (PRCR) = l o g  o f  r e c i r c u l a t i o n   p r i c e  
I n  (POUT) = l o g   o f   t r e a t m e n t   p r i o r   t o   d l s c h q r g e   p r i c e  
I n  (9) = l o g   o f   o u t p u t  
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f o r   l n ( Q )  measures the  expected  percentage  growth i n  in take  water  
demand  when t h e  company's leve l   o f   ou tpu t   Inc reases   by  one percent.  

The  demand equations  appear t o  have r e l a t i v e l y  good explanatory  

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

c ross-sec t iona l   da ta  and i s  e f fec t i ve l y   ave rag ing   ove r   poss ib l y  

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

t he  0.05 p e r c e n t   l e v e l  . 1 

All o f   t h e  own pr lce   te rms have n e g a t i v e   c o e f f i c i e n t s   ( w i t h   t h e  

except ion   o f  I n  (PTRT) f o r   t h e  Heavy Industry  group) and  most a re  

s i g n i f i c a n t .   I m p o r t a n t l y ,   t h e  own p r i c e   t e r m s   f o r   t h e   p r i c e  o f  
water   in take   a re   negat ive  and s l g n i f l c a n t .  The wa te r   i n take   p r i ce  

e l a s t i c i t i e s   r a n g e   f r o m  -0.12 f o r  Petro-Chemicals t o  -0.54 f o r   L i g h t  

I ndus t r l es .  The r e l a t i v e  magnitudes o f  t h e s e   i n t a k e   p r i c e  
e l a s t i c i t i e s   c o n f o r m   t o  a p r i o r i   e x p e c t a t i o n s   t h a t  as the  water  use 

cost  share i s   g r e a t e s t   f o r   L i g h t   I n d u s t r i e s  and th i s  fac t   wou ld  

suggest t h a t   L i g h t   I n d u s t r i e s '   w a t e r   I n t a k e  demands would be  most 

p r ice   respons lve .   S lml la r ly ,   Pe t ro -Chemica ls  and  Heavy I n d u s t r i e s  

have qui te   low  water   cost   shares and  have cor respond ing ly   low  in take  

p r i c e   e l a s t i c i t i e s .  

The pa t te rn   o f   c ross -e las t i c i t y   es t ima tes   ac ross   I ndus t r i es  I s  q u l t e  

revea l ing .  It should be remembered t h a t   w h i l e   t h e  Cobb-Douglas form 

r e s t r i c t s   a l l   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  inputs t o  equal 

one, c r o s s - p r i c e   e l a s t i c i t i e s  can still be  estimated. From Table 

4.1 i t  can  be  seen t h a t   f o r   a l l   i n d u s t r i e s   w a t e r   i n t a k e  and 

d ischarge  are complements (as seen by   t he   nega t i ve   coe f f i c i en t  on 

t h e  I n  (POUT) v a r i a b l e  i n  t h e   i n t a k e  demand equat ion)   whi le   water  

i n t a k e  and t rea tment   a re   subs t i tu tes .  As we l l ,   wa te r   i n take  and 

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

obse rva t i on   ce r ta in l y   con fo rms   to   p r i o r   expec ta t i ons .  

A t  t h e  0.05% l e v e l ,   t h e   c r i t i c a l  t va lues   fo r  40 and  120  degrees o f  
freedom, respec t i ve l y ,   a re  1.68  and  1.65  (Maddela, 1977,  p.  507). 
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The In take   wa te r   ou tpu t   e las t i c i t i . es   a re   qu i te   h igh  wi th  on ly   the  

Heavy I n d u s t r y   g r o u p   e l a s t i c i t y   e s t i m a t e   b e i n g   l e s s   t h a n  one. I n  
par t i cu la r ,   the   es t imates   fo r   the   Pet ro -Chemica l  and L i g h t   I n d u s t r y  

g roups   Ind ica te   tha t  a one percent  growth I n  output  will l e a d   t o   a t  

l e a s t  a one and one-hal f   percent  increase I n  water demands. 

However, f o r  most i n d u s t r i e s   ( t h e   L i g h t   I n d u s t r y   g r o u p   b e i n g   t h e  

except ion) i t  should be n o t e d   t h a t   t h e   I n t a k e   o u t p u t   e l a s t i c i t y   i s  

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

would  suggest t ha t   f u tu re   g rowth  i n  the  manufactur ing  sector  may 

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

water   consumpt ion  ra tes  for   those  indust r ies.  As w e l l ,  It I s  
encouraging t o   n o t e   . t h a t   a l l   i n d u s t r i e s   ( e x c e p t   t h e  Heavy Indus t r y  

g r o u p )   h a v e   r e c i r c u l a t i o n   o u t p u t   e l a s t i c i t i e s   g r e a t e r   t h a n  one. 

This   would  suggest   that   fu ture  indust r ia l   growth will, c e t e r i s  

par ibus,   be  character ized  by  increased  use  o f   rec i rcu lat ion.  

I 
I 
I 

C. Conclusions 

The resu l t s   p resen ted   he re   i nd i ca te   t ha t   B r i t i sh   Co lumb ia  

manufactur ing  water demands a r e   q u i t e   s e n s i t i v e   t o  economic 

var iab les  such  as t h e   p r i c e   o f   w a t e r  and the   p r ices   o f   water  

t reatment and r e c i r c u l a t i o n .  As we l l ,   t he   resu l t s   sugges t   t ha t  

increases i n   t h e   p r i c e   o f   w a t e r  can  be  expected t o   l e a d   t o   l o w e r e d  

water  use and increased  rec i rcu la t ion   by   indus t r ia l   water   users .  

I n   t h e   n e x t   c h a p t e r ,   t h e   r e s u l t s   o f   t h i s   p r o j e c t  will be  sumnarlzed 

and suggest ions   fo r   fu tu re   s tud ies  will be presented. 
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' CHAPTER V 

SUMMARY AND SUGGESTIONS FOR FUTURE STUDIES 

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

This   chapter  will summarize t h e  methods  used i n   t h e  second  phase o f  

t h e  B r i t i s h  Columbia I n d u s t r i a l  Wa'ter Demand p r o j e c t  and will draw 

conc lus ions   f rom  the   emp i r i ca l   resu l t s   p resen ted   i n   t he   p rev ious  

chapter.  The f ina l   sec t ion   o f   the   chapter   p resents   suggest ions   fo r  

fu ture  work.  

6. Summary and Conclusions 

The purpose o f   t h e  second  phase  of t h i s   p r o j e c t  was t o  extend and 

rev i se   t he   resu l t s   ob ta ined   du r ing   t he  f irst phase  through  the  use 

o f  more soph is t i ca ted  economic  models  and s t a t i s t i c a l   t e c h n i q u e s .  
Wi th   respec t   to   the   deve lopment   o f   the  economic  model, t h e  second 

phase  based i t s  est imat lon  procedure on a system of  water-use demand 

equat ions   ra ther   than  s ing le  demand equations. The advantages o f  

t h i s  development  were t h a t   t h e   a l t e r n a t i v e   w a t e r  uses ( i n take ,  

r e c i r c u l a t i o n ,   t r e a t m e n t   p r i o r   t o  use  and t r e a t m e n t   p r i o r   t o  

discharge)  can be est imated  s imultaneously  and  that  changes i n  t h e  

c o s t   o f  one use may be  modeled  as a f f e c t i n g   d e s i r e d   l e v e l   o f   a n o t h e r  

use. 

The statistical method  employed t o   e s t i m a t e   t h e  demand equat ions was 

also  extended. I n  order   to   address   the   p resence  o f   s imu l tane i ty  

b ias  i n  the  est imat ion  procedure,   an  instrumental   var iable  approach 

was adopted i n  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   i n t a k e   w a t e r .  A s  

wel l ,   at tempts  were made t o   i n c o r p o r a t e   c o n s i d e r a t i o n s  o f  water 

q u a l i t y   i n t o   t h e  economic  model  and est imat lon  procedure.  This was 

done th rough  the   use   o f  a hedon ic   p r i ce   f unc t i on   t o   rep resen t   t he  

p r l c e   o f   w a t e r   t r e a t m e n t   p r l o r   t o  use. 

The emp i r i ca l  estimates of   the  water-use demand equat ions  were  qui te 

encouraging. The own p r i c e   e l a s t i c i t i e s  were  cons is tent ly   negat ive 
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and o u t p u t   e l a s t i c i t i e s  were   cons is ten t ly   pos i t i ve .  A s i g n i f i c a n t  

f i n d i n g  was that  the  Petro-Chemical  and Heavy Industry  groups had 

subs tan t i a l l y   l ess   p r i ce   respons ive   wa te r   i n take  demands t h a n   d i d  

the   L igh t   I ndus t r y   g roup .  On the   o the r  hand, a l l   i n d u s t r y  groups 

demonstrated  intake-discharge  complementari ty and i n t a k e - r e c l r c u l a -  

t j o n   s u b s t i t u t i b i l i t y .  

There  are  several   conclusions  which may be  drawn from t h i s  p r o j e c t  

and I t s  e m p i r i c a l   r e s u l t s .   F i r s t l y ,  t h i s  t ype   o f   s tudy  - an 

economic i n v e s t i g a t i o n   I n t o   i n d u s t r i a l   w a t e r  use - I s  f e a s i b l e  and 

i s  capab le   o f   exp la in ing  a s u b s t a n t i a l   p o r t i o n   o f   t h e   v a r i a t i o n s   i n  

i ndus t r i a l   wa te r   use   w i th   re la t i ve l y   s imp le   mode ls  and w i th  e a s i l y  

acqui red  data.  Second,  an economic perspec t ive   can   p rov ide   Ins igh t  

In to   water   resource  management problems. The p o s s i b i l i t y   o f   u s i n g  

t h e   p r i c e   o f   w a t e r  as  an i n c e n t i v e   t o  encourage  conservation and t h e  

a b i l i t y  o f  flrms t o  adopt r e c l r c u l a t l o n  as an a l t e r n a t l v e   t o  
increased  In take  are  two  top ics  which may be addressed  using 

economic  models. T h i r d ,   t h e   i n t e g r a t i o n   o f   w a t e r   q u a l i t y   d a t a   I n t o  

economic  models of   water  demand i s  a f e a s i b l e  and p o t e n t i a l l y   v e r y  

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

t y p e   o f  economic a n a l y s i s   c o u l d   a i d   s i g n i f i c a n t l y   I n   t h e   p l a n n i n g  

and management o f  water  resources. I f  p lanners   a re   go ing   t o  

eva lua te   i n te rbas in   t rans fe rs   o f   wa te r   o r   a re   go ing   t o   de te rm lne   t he  

' o p t i m a l '   a l l o c a t i o n   o f   w a t e r   w i t h i n  a b a s i n ,   t h e   r e l a t i v e   v a l u a t i o n  

of  water  resources  by  users  must be known. I f  conservat ion I s  t o  be 

encouraged,  then  the  abi l  i t y   o f  users t o   s u b s t i t u t e  away from  water 

use  and the  pr ice  responsiveness  o f   water  demands must  be known. I f  

water demands a r e   t o  be fo recas t   then  the   s t ruc tu re   o f   water   use  

technology and t h e   e f f e c t s  on water  use  of  changes i n   p r i c e s  must  be 

known. The t y p e   o f  economic analysis  conducted I n  t h i s   p r o j e c t  can 

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

C. Suggest ions  for   Future  Studies 

Very l i t t l e  i s  known about  the  economic  nature  of  water  use i n  
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Canada. This s l t u a t l o n  must  change I f  Canada I s   t o   d e r l v e  maxlmum 

bene f l t s   f rom I t s  use o f  water  resources. I n  t h e   f o l l o w l n g   s e c t i o n  

suggestlons  are made f o r   f u t u r e  economlc s tud ies  o f  water  resources 

l n  Canada. 

1. Economlc Analys is  o f  Water Q u a l i t y  

More a t ten t i on   shou ld  be p a l d   t o   i n c o r p o r a t i n g   w a t e r   q u a l i t y  

cons lde ra t l ons   l n to   wa te r .  demand models f o r   a l l   s e c t o r s .  As 

w e l l ,   b u l l d l n g   w a t e r   q u a l i t y   c o n s l d e r a t l o n s   I n t o   r l v e r   b a s l n  

op t lm lza t l on   s tud ies  and I n t o   f o r e c a s t i n g  models  should  be 

attempted. These types o f  e f f o r t s   c o u l d   l e a d   t o   f u r t h e r   s t u d i e s  

whlch  examine  the  costs and b e n e f l t s  o f  changing  water   qual l ty .  

2. Water Demand Model ing 

The study has  examined t h e   B r l t l s h  Columbla  manufacturlng 

sector 's   water  demands. Future  s tud ies  could  extend  these 

r e s u l t s  by   cons lder lng   o ther   sec tors   o r   by   s tudy lng   the   en t i re  

Canadlan  manufactur ing  sector  or   by  using a less  aggregated  data 

se t .  As w e l l ,  more soph ls t l ca ted  economlc  models  and 

econometr lc   technlques  are  avai lab le.   Specl f lca l ly ,   the demand 

fo r   water   shou ld  be  modeled  as one o f  a system o f  i n t e r r e l a t e d  

i n p u t  demands Including  non-water  Inputs  such as l a b o u r ,   c a p l t a l  

and energy  Inputs. Once t h e  1986 I n d u s t r l a l  Water Use Survey l s  

completed a poo led   t ime  ser ies   c ross   sec t iona l   da ta   se t   cou ld  be 

const ructed and  used t o   s t u d y   b o t h   s h o r t   r u n  and long  run  

s u b s t l t u t l o n   p o s s l b l l l t i e s  between  water and o ther   Inputs .  

F i n a l l y   t h e  models o f  water demands whlch  are  developed  could 

u l t i m a t e l y  be i n t e g r a t e d   l n t o   t h e   e x l s t l n g   l a r g e  macro  economlc 

computer  models o f   t h e  Canadlan economy. 

Another  stream o f  research  whlch  could  f low  f rom  the  bas lc   water  

demand model lng  concerns  the  valuat ion o f  water.  Water demand 

func t lons   cou ld  be t r a n s l a t e d   I n t o   w a t e r   v a l u a t i o n   f u n c t i o n s .  
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These could be a p p l i e d   t o   o p t i m a l   a l l o c a t i o n   p r o j e c t s  I n  which 

net  benef i t s  from  water  use  would  be  maximized  through  the 

a l l o c a t l o n   o f   w a t e r   t o  i t s  h ighes t   va luers .   U l t imate ly   research  

i n t o   o p t i m a l   w a t e r   p r i c i n g  and the  des ign  o f   quasi -markets   for  

water   cou ld   lead   to   the   use   o f   auc t ions   In   wh ich   compet ing   users  

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

Data  Gathering 
An i n c r e a s e d   d a t a   g a t h e r i n g   e f f o r t   I s   c e r t a i n l y  a p r e r e q u i s i t e  

t o  an  expanded  economic r e s e a r c h   e f f o r t .  Much o f   t h e   b a s i c  

in fo rmat ion   regard ing   mun ic ipa l  and commercial  water  use has 

never been co l l ec ted .   I ndus t r i a l   wa te r   use  has o n l y   l i m i t e d  

coverage  by   the   ser ies   o f   Indus t r ia l  Water Use Surveys.  Perhaps 

th i s   t ype   o f   da ta   ga the r ing   cou ld   be   ex tended   to   o the r   sec to rs  

such  as  domestic  and  farming  water use. 

I n   a d d i t i o n   t o   c o l l e c t i n g  more  economic data  concerning  water 

use  an e f f o r t   s h o u l d  be made t o   i n t e g r a t e   t h e   c o l l e c t i o n   o f  

economic data wi th  t h e   c o l l e c t i o n   o f   i n f o r m a t i o n   c o n c e r n i n g  

w a t e r   q u a l i t y  and o the r   phys i ca l   cha rac te r i s t i cs   o f   wa te r .   Th i s  

i n t e g r a t i o n  wlll c e r t a i n l y  be necessary If w a t e r   q u a l i t y  i s  ever 

t o   r e c e l v e   s u b s t a n t i a l  economic ana lys is .  
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APPENDIX 

The purpose  o f   th is   appendix  i s  t o  document the  est imated  forms  o f   the 

i ns t rumen ta l   va r iab le  and hedonic   pr ice  funct ions.  The economic bas is  

fo r   t he   cons t ruc t i on   o f   t hese   f unc t i ons  i s  discussed i n  Chapter Two. A 

descr ip t ion   o f   the   es t imated   equat ion   fo rms i s  i n  Chapter  Three. 

Inst rumenta l   Var lab le  Equat ion 

The fo l l ow ing   equa t ion  was e s t i m a t e d   u s i n g   t h e   e n t i r e   B r i t i s h  Columbia 

data  set .  Once est imated, i t  was used t o  genera te   i n take   p r i ces   f o r  each 

o f   the   four   indus t ry   g roups .  The est imated  equat ion i s   t h e   f o l l o w i n g :  

(LAC) = -2.4147 + 0.088088  (LD1) - 0.061774  (LD2) - 2.0811 (DR)  
(-3.28)  (4.73)  (-2.91)  (-2.44) 

-2.1729( DB) + 0.0231 49( LPOP) + 0.59595( D6) 
(-4.82) (0.35) (1  -38) 

DF = 158 F = 100.174 R2=. 3349 
( t h e   f i g u r e s   i n   b r a c k e t s   a r e  t values) 

where : 
LAC = l o g   o f  average  cost   o f   in take 
LD1 = l o g   o f   d i f f e r e n c e   i n   p r i c e s  between  blocks one  and two 
LD2 = l o g  o f  d i f f e r e n c e   I n   p r i c e s  between  blocks  two and th ree  
O R  = dumny va r iab le ,  = 1 i f  p r i va te l y   supp l ' i ed  

DB = dumny va r iab le ,  = 1 i f  p r i v a t e l y  and p u b l i c a l l y   s u p p l i e d  

LPOP= log   . o f   popu la t i on   se rved   by   t he   pub l i c   u t i l i t y   supp ly ing  

DG = dumny va r iab le ,  = 1 i f  u t i l l t y   s u p p l y i n g   r e s p o n d e n t  draws 

= 0 otherwise 

= 0 otherwise 

the  respondent firm. 

from  ground  water 
= 0 otherwise 

Hedonic  Price  Functions 

IDne hedonIc   p r ice   func t ion  was es t ima ted   f o r  each o f   t h e   f o u r   i n d u s t r y  

groups. These equat ions   re la ted   the   average  cos t   o f   water   t rea tment  

p r i o r   t o  use to   t he   quan t i t i es   o f   wa te r   rece iv ing   va r ious   t ypes   o f   wa te r  

t reatment.  The equat ion  resul ts  are  sumnarized i n  t h e   f o l l o w i n g   t a b l e .  
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LQF 

LQC 

LQS 

LQH 

R2 
F 

Where : 
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Table A . l  

Estimated  Hedonic  Prlce  Functlons 

PetroChemlcal 

-0.28792 
( -0.15) 

-0.67594E-2 
( -0.45) 

-0.37120 
(-3.04) 

-0.27727 
( -2.46) 

-0.66729E-1 
(-1.53) 

.3569 
19.736 

I n d u s t r y  

Heavy 

-3.061 9 
( -1 -40) 

-0.31 231 
( -1.23) 

-0.1891  3 
( -0.94) 

-0.37345 
(-1.86) 

-0.231 39 
( -7.87) 

.1161 
9.919 

Forest  

-3.2786 
( -2.02) 

-0.80826E-1 
( -6.85) 

-0.16404 
(-1.16) 

-0.26692 
( -2.49) 

0.67475E-1 
( -0.53) 

.0814 
13.210 

LQF = l o g   o f   q u a n t i t y   o f   w a t e r   f i l t e r e d  
LQC = l o g   o f   q u a n t i t y   o f   w a t e r   c h l o r i n a t e d  
LQS = l og   o f   quan t l t y   o f   wa te r   sc reened  
LQH = l og   o f   quan t i t y   o f   wa te r   t rea ted   f o r   ha rdness  

L i g h t  

-0.78762 
( -0.87) 

-0.34092 
(-3.94) 

-0.19537 
( -2.42) 

-0.46583 
( -3.32) 

-0.76534E-1 
(-0.75) 

.4299 
28.663 
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