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ABSTRACT

Growth (either positive or negative) in industrial water use
can be explained as a process of ad justment to the forces underlying
structural change in the economy. Industrial structure,‘as defined in
this thesis, refers to the types of.industrial groups represented in a
study area. It is measured by a variable such as the proportion of
total employment or output in particular categories of industry.
Structural change is defined here as the change which occurs in these
proportions over time. Four principal factors underlié qge process of
structural chéﬁge: variations in sypply conditions, wvariations in
demand conditions, productivity changes and technological changes.

The thesis designs and tests enpirically a framework with which
to aﬁa;yze industrial water use in the coﬁtext of structural change.
The literature on both structural change and indusgrial water use sug~
gésts that input-ocutput analysis 1s an effective technique for integ-
rating these gwo subjects. Accordingly, it 1is used as the basf; of the
conceptual framework. Supply and demand forces underlying structdral
change are viewed as those which determine the level and types of out-
put in an economy, ;nd are combined for measurement pufposes Into the
final demand component of an ioput~output framework. These two factors
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combined are referred to as the "fipal demand” factor. Productivity and
techﬁbiégiiél conditions are viewea'hskihoqe<uﬁ§th determine how goods
and servicea-‘are producgd ahﬂﬁﬁre measured by the coefficients of a
Leontieff inverse matrix ;f input=-ocutput analysis. The productivity and
technological factors, once combined, are referred to as the 'prqguc-
tion technology™ factor. Industrial vater.use considerations are mea-

sured by means of water use coefficlents, and are referred to as the

"water use coefficient” factor.

The industry-by—iﬁdustry form of input-output analysis is used

throughout the thesis, despite the more common Canadian practice, which
:

is theoretically uell;founded, of using the comnodity-by- industry
form. The industry-by-indistry format is adopted because data on indus-
trial water use are available on an industry basis, and are not
separable into commodity groupings without introducing questionnable
assunmptions.

The framework adppted consists of augmenting an input-output
model to include a set oflwater use coefficidhts. This augmented frame-

A

work inclgdes three principal components: an input-output inverse mat-
rix, a vector of final demands and a set df water use coeffig;en;s.
These components are calculated for a series of time periods. By var-
ying each of these three framework components systematically and in

sequence, changes in industrial water use due to "pure” changes in fi-

nal demand, production technology and water use coefficients can be

-

measured.



The empirical portion of the -research focusses on compiling,
. - -~ * .

from primary and original sources, data on industrial water use, and

from secondary sources, input-output-related data. Patterns of indus-

trial water use are described i1n detail. The ma jor emplrical task, once

the data are assembled, 1s to measure the effgcté on:inter—period

‘e

industrial water uses of the three structural change components, final
demand, production technology and water use coefficients. This was donl
for Canada as a“whole for the time periods 1966 =-1972, 1972~1976 and

-
1966-1976; it was done for the five Canadian economic reglons for” the

L4

time period 1966-1974. .

It was found that interperiod changes in industrial water use
are a complex adjustment to the three structurally-related factors. The
final demand factor is positive and large in its impact.on water use.
The effect -of this factor is partially offset in most cases by the ne~
gative effects of the production technology and the water use factor.
The water use factor, although 'often substantial in its impact on
changing water u#e, is somewhat more variable than the o}her two

factors in its direction of influence on industrial water use changes

during the study period.

-

Implications of the research and the findings for both water

management and geographical research are discussed in the final chap-

ter. h

vi



ACKNOWLEDGEMENTS

The ﬁndertakiné and cﬁmpletion of a doctoral thesis depends
upon the advice, support and. encouragement of a number’of perscns. I
am pleased, at this point, to acknowledge this aggslstance, which in all
cases, was provided willingly and unselfisghly.

Dr. fete; Harrison served as my principal ;dvisor fhroughOut
all phases of the research. I benefitted greatly from Dr. Harrison's
cozpetence and abilities, particularly during the process of conciptua-
1izing the problem and designing the research approach taken to this
p;qject. Drs. Roberge and Johnson‘also provided adﬁi;e and re?iewed
the manuscript prior to its fipmal submission.

I owe muck to the financial and logistical support of the fed-
eral Department of the Eavironment. The generous educational leave
provisions of my employer are a model of professional development, and,
indeed, made this Tesearch, possible. 1In particular, I offer sincere
thanks t; Mr. P.J. Reynolds, Mr. H. B. Rosenberg (retired), Mr. R. L.
Pentlana and Mr. N. H. James for their continuing support. As well,
several of my colleagues provided assistance at various stages of this
work. |

My former research'assistant; Mr. L. L. Black provided help in

preparing the figures for this thesis, and has also been a source of

vii



support in many past ;ndéavors. This contribution is greatly apprecia- ~
ted. The aseistance of my colleague, H. Arthur Shaw, in the statistiéal
analysis for the thesis was also appreciated. Mr N. Miller and Mr. M.
Bedard of Statistics Canada's ‘ Input—Output Division provided valuable
advice and assist;nce in compiling the input—output tables used here.-
| On a more personal level,'the support and encouragement of my
mother and my deceased fatfier has been constant through many years, and

»

are a princlpal reason for any modest success. I have achieved. This .
thesis is ‘&edicated to my father's memory. A number of relatives and
friends also have’ giyen thei& goodwill throughout the period in which ‘
this research was carried out. 'Fiﬁally, and most of all, my wife,
Sharron, and sona Chistopher and Jomathan have be.en unwavering in their
encouragément and sharing in this undertaking. éithout‘this combined
family support, this project would have prbven very much more
difficult. I hope in the future that I can repay their patience and

understanding. ) -

viii



TABLE OF CONTENTS

ARSI RACT. - e eittieeiinnrennnnnnn. I T R T T iv
ACKNOWLEDGEMENTS e e s v evevnns. crrerecrennnranne ceetnttaresstrertacanan vii
TABLE OF CONTENTS...eveeu.. S et e et e it irresentrreancenntontenna eeresdx
LIST OF FIGURES.ucuueeanunsuesotneensnnnnnsasnnnnennennnnnnnn. sev.xiid
LIST OF TABLES. .. uuuuttnonneanenenesnneesnnnenseeneennnrnnnenannnnn.. xiv
e oy
Chapter _ ‘ Page
I. PURPOSES AND SCOPE OF THE RESEARCH ue-ccnvennnnnnnnnnnnnnnn... 1
Study Outline............................, ................. 2
Scope 0f the STudY..evenenentcnueennensonennnnnnnsnnnn, 3
Geographical and Water Management
Relevance of the ReSearcheeuceeeeeveevennncnnnnnnn.. 6
II. THE DEFINITION AND MEASUREMENT OF INDUSTRIAL
STRUCTURE AND STRUCTURAL CHANGE. s suuvuuceeennnnnsnnnnnn. 9
Factors Underlying Structural Change....cvvvunn. Ceesseens 10
SUPPLY FACLOTSe et reanssennnnerrennnsnnnnnnnnnennnnn. 11
Demand FactorSueeeeerereerenesenrenscennnnnenennnen., 13
PrOdUCTAVILY ChangeS . e e neenrennnrrennnereennnnnrunn.. 14
Technological Change..eeeeerennnneneeuennsennennnnnn. 16
Summary of the Factors Leading to
Structural Change..eeeeesseeseconennncnnnnnn. 19
Systems of Measuring Structural Change..ecierenennnns 19
Input—Qutput and the Analysis of ) ’
Structural Change..veeecerenesnnnnnneelomnnns, 23
Historical AntecedentS.............. Besvavrnanannsans 23
The Accounting FramewoTK:-.ueeeesuneeeeeoneorennnnn... 24
National or Single Region Iaput—Qutput .
Models. oo reneininininenneecnnnnnnnan eeenn 227
The Industry-by—InduStry FOrmAL....eeeveveennnnn.. 28
The Commodity-by-Industry FOIMAT..ueeseowsoon..... 33
Interregional Input—Output AnalysiB.tecerenatinnnnnan 38
The Concept of MUltiplierSeceeeusensneenecnnnnnnn.... 39
Input-Qutput in the Analysis of
Structural Change...evecnevenecenenanennn.. 4]

ix

X



I1I1. A REVIEW OF INDUSTRIAL WATER USE STUDIES.eusueueenerenssanassdd

Basic, Concepts of Industrial Water UB€.sesecsvecceccaeesdd
Approaches to the Study of Industrial Water Us€.c.ecssss...48

The Coefficients Approach..c.ececccersnccsvosreocncnsead8
The Regression Approach..eseecses ceasasins cesennansesansdl
The Demand Management ApPpProach....eesscececracease eass5]
The Process Modelling Approach....ceevveseccccasccass .57
The Input—Qutput Approach.....c.ceevcsncacesceces veessa60
The Lofting—McGauhey Study..... “esessesascscacsnens 60
The Davis Study..eeecescacsacncnes ssaseen snesesssasbl
The Victor Study...eveescecescanss Gescscnerneraarna 62
The E3rmme Study.eeceveeccescecsrssoseccssvacacannacsa 64
Summary of the Approaches to Analyzing .

Industrial Water UsS€.iseececeen. ceescans 1
Iv. FORMULATION OF THE CONCEPTUAL FRAMEWORK..veoveroveanracsancsn 68
The Framework..eovivevcuens bereascencasa Chesessesercssasan 69
Incorporating Water Use FactorS.cieesecenccasocens ie..09

Partitioning the Total Changes in Water Use
into Structural Change ComponentS....e.... cevenas 71

Relative Importance of the Structural Change
Factors in Interperiod Water Use ChangeS......... 73
Application of the FramewoTK.e.veeeoeonrvereenennnsssns 76
V. PATTERNS OF CANADIAN INDUSTRIAL WATER USE..:teeceses desene eesd?
Taking InVentOTYeeeecseesersacsacsoscaaccnnncanncnns cenena 77
Questionnaire DeSign..vieeecviceereoosennncsonneasannsas 78
Selection of the Survey UniverSe€...veveeeeececcecseanns 79
Response RateS.ccvvenscenns seetsettaescsetrcnacssananna 81
Estimation of Results for Non—RespondentS..eeecesesssss 82
Water Use Data for the Structural Change Model....eeeeeen. 83
General Descriptlion 0f the DaAt@.iccieeereeeeeeeancerssne 83
Estimation of Water Use Data £0r 1966..uc.eececncccccess 85
Canadian Industrial Water Use PatterDS..cveeesceccesoscacs 87
An Overview by Industrial Group.cecsececcaceecaensonnns a8
ABrlcUltUre.ecseeennsoeraannsncsconnsannna cesesannn 88
Forestry, Fishing, Hunting and Trapping-eeeeeeccnnees 30
Mineral EXtractiof.eerecscssassscncesscsonnnes reveana S0
Manufacturing...ceeiieirinennernecenannanaan ceseacea 92
Electric Power GeneratioN..ccceteeenseenceoncnananss 92
Other Tertiary IndustriesS.eeeceescceeerencansen veses93
water Intake by Source....... sraereencssanes trrene -
Water Intake by PUTrPOBE.ccressrncereacsnonne teseeessae .95
Water Use In Manufacturing...... reesesesnnns tesrescnans 97
Reglonal Water UsBuveescesncncrensroncncnnns cesnaas +ea102
Implications for the Current Research.i.......... cecana ...105

!
x

-



VI. WATER USE AND STRUCTURAL CHANGE: AN EMPIRICAL TEST..--....;.106
Outline of the InvestigatioNieceeesnvsvecnseoan P
Data Compi]-ation......-.l.-l......l....l'.l..........'.los

Inverse MatricCeB.essvsaneencasecrecencsnnacosscesssllf
National Final Demand and Output Dat@..eeeeecess...108
- Regional Final Demand and Output Daté...eececeesos..109
Derivation of Water Use Coefficients....ccounnanaalll
An Index Measure of Water Use and Industrial

‘structure-........ll..l...-l.....‘....‘...'..ll‘l
Water Use Simulations and ShiftS..eceseeevceceoncaceeall?
Least Squares An8lySiS.ceeeslecesersoefonascsnsanees ..113
Analysis of Predominant Factors of Change.............l13
’ Industrial Water Use Responses to
Industrial Structure...eeeceeven. seesenseceanns seaselld
Lorenz Curve AnalysiS...cecevececcsn trssesssrssessrssalld
Water Use Shifts in Response to
- Structural Change.ceeceeecceencaness cresnsnan 116
Agriculture....... cmsasuanaa sesstetrnaanens sssraanns 116
Mineral Extractiont.......... tevsscnsanaens cesseccnaa 121
Manufacturing......... srectsesirerransena seessneessal28
- Electric Power.e.cvecececenn.. eesesennas teiesenaass 139
Trade....... Stseesaarsresancesenrsansnns Cemenesenss 144
Summary of Structural Change Effects on
Industrial Water Us€...evecvonsacsoanons 146
Dominant Directions of Structural Influence
on Industrial Water Use ...... ttesvssasrrsans 147
Least Squares AnalysiS.....eeeenianen tesasesesrocccnas 148
SUMMATY.cerevenssncnnns e 153
VII. CONCLUSIONS, IMPLICATIONS AND RESEARCH DIRECTIONS..... eraeseaaldd
. ) .
ConclusionSeeectisranecnncnses tesecccantrttanana sreeoan «..154
Implications of the Study for Water Management...........158
Implications of the Study for Geography ...... ....,4ﬁ.....159
Research DirectionS.ecuiiceeeseeealonecsoocannennnn eenenas 161
REFERENCES - ¢ vvvvnveennennnanns reeeaenenan et etaenerer e ...164
APPENDIX Auuevoennnennenneensenennnnnns e eereteeieieteeeieaeaenaee. 173
APPENDIX Beveeoenns tee s eireensrtsnenavanssasare sesetnnrasasns tersanes 15}
APPENDIX Covvvcvnnnnnncans s ececrurtensesananorinnnna eretasnanns sesa.204
APPENDIX Dicvrvneannosnooanseonosncnoosnennnses teetseevstssansavranns 209
xi



A-PPENDII E..--------------.........------.----.....-..o-...---o------zzs

APPENDH F-----.---o--lloooott ------ -.--------..o...o-.ll.!lto.-cc---236

) A-PPENDIXG ----- l.....l...-ll....‘..-.-.ll...‘ll.....l...'..“...-.....261

xil-



.- Flgure
2.1

2.2

3.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

LIST OF FIGURES

A Simplified Input—Qutput Transactions Table.sveeceeeceecess. 26
The Accounting Framework of Canadian

Input—Output TableS..eeereeecesoennn. O 34
A Generalized Diagram of an Industrial

Plant Water Use SySTemiu.eeeeeeeeeeeeoennnenes. teveseanss 45
Effects of Structural Change on Agricultural Water

Use, by Factor, Canada, 1966=1976..cccceeeecrecnceennnn.. 117
Effects of Structural Change on Agricultural Water

Use, by Factor, Reglons, 1966=1974...ceeuveeennroennnnn.. 118

Effects of Structural Change on Mineral Extraction
Water Intake, by Factor, Canada and Regions, 1966-1976...122

Effects of Structural Change on Mineral Extraction

Gross Water Use by Factor, Canada, 1966-1976............. 123

a2l

Effects of Structural Change on Mineral Extraction
Gross Water Use by Factor, Regions, 1966-1974,........... 124

Effects of Structural Change on Manufacturing
Water Intake, by Factor, Canada, 1966-1976......0.0...... 130

Effects of Structural Change on Manufacturing
Water Intake, by Factor, Regions, 1966-1974......0ev..... 131

Effects of Structural Change on Manufacturing
Gross Water Use by Factor, Canada, 1966-1976............. 132

Effects of Structural Change on Manufacturing
Gross Water Use by Factor, Regions, 1966-1974............ 133

Effects of Structural Change on Electric Power
Water Use by Factor, Canada, 1966=1976......0cvvvunnnnn.. 138

Effects of Structural Change on Electric Power
Water Use by Factor, Reglons, 1966=1974..........eun..... 140

Effects of Structural‘Change on Trade Sector :
Water Use by Factor, Canada and Regions, 1966-1976....... 145

xiil



Table

3.1

5.1
5.2
5.3
5.4
5.5

5.6
5.7
5.8

5.9
5.10
5.11
6.1

6.2

6.3

6.4

LIST OF TABLES

Page
Cogparison of Approaches to the Study of Industrial
Water UBCccrierreneinruncnnnnornnannnnes emessen ceranae serrase 67
Details of the 30-Industry System Used.....eeeuses.. censsen 84
Industrial Water Intake, 1966, 1972 and 1976..ccececeennn.. 87
Water Use Patterns by Industry, 1966, 1972 and 1976........ 89
Industrial Water Intake by Source, 1972 and 1976....c..c... 94
Industrial Water Intake by Purpose, 1972 and 1976....... -1
Water Use Patterns by Major Watef-using
Manufacturing Groups, 1972..uiiceueeeenenesnncsascncenannn .98
Water Use Patterns by Major Water-using ¢
Manufacturing Groups, 1976..eeecceereneccecsrnnnncocacnenas 99
Use Rates and Consumptions Rates for Major Water—using
‘Manufacturing Groups, 1972 — 1976..ueenecrcnccncecansennns 100
Water Intake by Reglon, 1972 and 1976 ceevunenenennnnnnnn. 101
Gross Water Use by Reglon, 1972 and 1976.cceveerencecncnn. 103
Water Consumption by Region, 1972 and 1976....0eeveneen. ..104
Summary ofFWater Use Shift CalculationS.eeecveeeeveaeacens 113
Lorenz Curve_Anélysis of the Response of
Industrial Water Use to Industrial SErUCTUTE..-veeeses.. ..115
Trends in Input and Output Linkages by the Five
Sectors Most Closely Linked to Agriculture,
Canada, 1966=1076. ... uiteueereacecncencnsennnocnascnnnnnns 119
Trends in Input Linkages by the Five Sectors
Most Closely Linked to Mineral Extraction
Industries, Canada, 1966=1976.u.cieicenneeereccnccnnnnnnes 125

xiv



a

6.5
6.6
6.7
6.8
6.9

6.10
6.11

6.12

6.13

Trends in Qutput Linkages by the Five Sectors
Most Closely Linked to Mineral Extraction
Industries, Canada, 1966-1976.uceeennninnnnnnnnn.. censansaal2?

Trends in Input Linkages by the Five Sectors
Most Closely Linked with Major Water—using
Manufacturing Sectors,Canada, 1966-1976...... wetsescessacen 134

Trends in Output Linkages by the Pive Sectors
Most Closely Linked with Major Water-using
Manufacturing Sectors, Canada, 1966-1976......0enenen...... 135

Trends in Input and Output Linkages by the Five
Sectors Most Closely Linked to Electric Power,
Canada, 1966=1976...cccveirennennnnnnn... R . 143

Trends in Input and Output Linkages by the Five

Sectors Most Closely Linked to the Trade‘Sector,
Canada, 1966=1976......cuuuuiirennninnnnnnnnn . <. 146

Results of Kolmogorov-SmirnovTest on Water Use Shift
Statistics, Canada and Regions, 1966~1976....cccvuuunnnn... 148

Results of Least Squares Analysis of .
Normalized Water Use Shift Data, Canada, 1966-1976......... 150

Results of Least Squares Analysis of
Normalized Water Use Shift Data, Reglons, 1966-1974

Results of Least Squares Analysis of
Normalized Gross Water Use Shift Data, Regions, 1966-1974..152

Industrial Water Use by Parameter, Canada, 1966...000vucu.. 174
Industrial Water Use, by Parameter, Canada, 1972...0cuuu... 175
Industrial Water Use, by.Parameter, Canada, 1976........... 176
Industrial Water Intake by Source, Canada, 1972.....0000... 177
Industrial Water Intake by Source, Canada, 1976......c00n.. 178
Industrial Water Intake by Purpose, Canada, 1972........... 179
Industrial Water Intake by Purpose, Canada, 1976........... 180
Industrial Use Rates and Consurption Rates,

Canada, 1972 and 1976...vecernceneecnnnnecnanenness vaensaaasl8l

Industrial Water Intake by Region, 1972..ieuceueereeeomnnnnns 182

XV



A-10
A-11
A-12
A~13
A-14
A-15
A-16
A=17

B-1

B-2

B~-9

B-10

B-11

Industrial Water Intake by Reglom, 1974...cccvvvnveacceass.183
Industrial Water Intake by Reglon, 1976..cccsecencncennsesa184

Industrial Gross Water Use by Region, 1972....cececessceces185

Industrial Gross Water Use by Reglon, 1974........ cessesess186
Industrial Gross Water ﬁéé'by Region, 1976....... teemne veee187
Industrial Water Consumption by Region, 1972....ceeve.... ..188
Industrial Water Consumption by Region, 1974....e.eeveeene.. 189
Industrial Water Consumption by Region, 1976...... cetereaaa 150

Basic Data for Calculation of Water Uses
for 1966, Canada..ui.veeeeeeneenonnenocnnnens cesssenasrsanae 191

Calculation of Water Uses for 1966 by Industry

- Group, Canada...cieiiiieeneeensesonnnensaccasonancnoasnnnes 192

Basic Data for Calculation of Water Uses
for 1966, Atlantic RegIOMe-uveueueecceenneecensonosonnnn ...193

Calculation of Water Uses for 1966 by Industry
Group, Atlantic RegIOm.e.eeeecereonnrennernncnecncssnnennes .195

Basic Data for Calculation of Water Uses
for 1966, Quebec RegLOMeceuuiuiiescnarenennsroonennanasnennes 196
5

Calculation of Water Uses for 1966 by Industry
Group, Quebec RegioD.eveeecnsnsncees tesaneseirrerrncsreaang 197

. Basle Data for Calculation of Water Uses

for 1966, ORtario RegiOD.ssseeeeeenesneessreeseoneaacenesns 198

Calculation of Water Uses for 1966 by Industry
GToup, ONtario ReZLOMeeeseenecneneaceeesansonoeasncceennsen 199

Basic Data for Calculation of Water Uses -
for 1966, Prairie RegioDe.eeeeeseeen.. researesaens arrreracs 200

Calculatlon of Water Uses for 1966 by Industry
Group, Prairie Regiomecvevecncecrecnconnans tessenceann +ese.201

Basic Data for Calculation of Water Uses
£Or 1966, BuC. REBIOMuuuttcnscnccanecnnensnsesnoennncnnnnnns 202



D-7

D-8

D~9

D-10

D-11

D-12

~
Calculation of Water Uses for 1966 by Industry
Group, B.C. Region...... sesssee st eamssassccsaansas vesenasa203
Water Use Coefficients by Industry Group, . - :
Canada, 1966-1976.....00.0.. tesessssctmrcsscsannntnnanane ...205
Water Use Coefficients by Industry Group,
Atlantic and Quebec Regions, 1966 and 1974..... trrssscacaas 206
Water Use Coefficilents by Industry Group,
Ontario and Prairie Reglons, 1966 and 1974..ececrcccccnen.s 207
Water Use Coefficients by Industry Group,
B.C. Reglom, 1966 and 1974.ueueeeianrencenccacacsrnnennnens 208
Water Intake Shifts by Industry Group,
Canada, 1966-197 2. . .. ciuitrrnennoecnnnncacaneosonsnnnnonnnns 210
Water Intake Shifts by Industry Group,
Canada, 1972=1976 .ttt aieraensnieennnneecnceacosacnnonnans 211
Water Intake Shifts by Industry Group,
Canada, 1966-1976.uueueiieernressnncannncnsoesnsacacnnnnns 212
Gross Water Use Shifts by Industry Group, :
Canada, 1966-1097 2. 0ttt eionaneenaeeennnoseneansscncnenns 213
Gross Water Use Shifts by Industry Group, |,
Canada, 1972-1076. i iuiuriereeuetnnnsnsoncccceesannnonennnns 214
Gross Water Use Shifts by Industry Group,
Canada, 1966=1076. ..t uuinenrncestenencceoosnnonnnnsonnennn 215
Water Intake Shifts by Industry Group,
Atlantic Region, 1966-1974..... et s esesseacatastesattesanne 216
Gross Water Use Shifts by Industry Group,
Atlantic Region, 1966=1970 e uucnnueennrnenesenanesnecnnnan 217
Water Intake Shifts by Industry Group,
Quebec Reglon 1966=1974. . ccuuenrnunincccncnnennncens eesenn 218
Gross Water Use Shifts by Industry Group,
Quebec Reglon, 19661974 0 ucnuuennenueensoccnncenanonnnnnns 219
Water Intake Shifts by Industry Group,
Ontario Reglom 1966=1974. cuineneiienennnunocnnesnonnanannnnn 220
Gross Water Use Shifts by Industry Group,

Ontario Reglon, 1966=1074 .. iutreenennsceccecnncnsonnnnna. 221



D-13
D~14
D-15

D-16

F=4

Water Intake Shifts by Industry Group,

Pr&irie Region, 1966_1974.-¢oo-o-000 ----- sssmeasessane -o'--222
Gross Water Use Shifts by Industry Group,
Prairie Reglon, 1966-1974...cccivnsnnvcnnnacnesns R ereea223
Water Intake Shifts by Industry Group,
.B-C. Region 1966-1974- ....... s s es e BEEES S teB B sroenssssEnD s 224
Gross Water Use Shifts by Industry Group,
B.C. Reglon, 1966-1974.......... ertsasesscassscsssnnssnnnnnn 225
Industrial Final Demand Data by Region, 1966,
In 1966 dollarsS.ccscesscanss sececsssnsaaas ersiecssnnsasssas 228
Industrial Final Demand Data by Region, 1966,
in 1974 dollarS.eeccecssssacsanns s sssessitassinacsasnnnna 230
Industrial OQutput Data by Region, 1966,
In 1966 dollarSeecsussscsosnsrssccrssncasascanancens eessseea232
Industrial Qutput Data by Region, 1965, .
in 1974 dollarsS.veciuatasiasassnas Seesssecsssensaane ——eanes 234
" Transposed Inverse, Canada, 1966
Industries 1 £o 10..ieciieericniinrencnsnannns PRI 237
Industries 1l to 20..00ernnensns rtsensssanntassenns 238
Industries 21 to 30..iiciiiiieirrcnerrsecanssanannnns 239
Transposed Inverse, Canada, 1972
Industries 1 to 10.cuienninenniinnnaanss seassasenana 240
Industries 1]l to 20..eereennsnecencianacncsaasannans 241
Industries 21 t0 30.iuiiiiiceccannnnaansannncnnanrnnas 242
Transposed Inverse, Canada, 1976
IndustTies 1 to 10...iinicnrnnssnnnensonceconcannans 243
Industries 1! to 20..civnrecniennnennnes sessstascans 244
Industries 21 to 30...... cesstcessencsanann v erasrann 245
Transposed Inverse, Atlantic Region, 1974
Industries 1 to 10iceeeceananas ceretennstscascnnaan .246
Industries 11 to 20...ccieenennn vesssssressansssannae . 247
Industries 21 to 30...... sesssissnssasas tecuvsnatinaa 248
‘Transposed Inverse, Quebec Reglon, 1974 .
Industries 1 to 10..ceeeevnnnanas tectescsassassesnans 249
Industries 11 to 20.ieviecnennns sesessas cessssssnnas 250
Industries 21 to 30.icenecaess tiessareas sesesanssarss25l

s

xviii



F-6 Transposed Inverse, Ontario Reglon, 1974
Industries 1 to 10..eeaecenvosencanccnns ceeeesanneeaa2l2
Industries 11 to 20..cceeensnevssansnssssssasranasns2d3
Industries 21 to 30.4eecieen sesesssssssscsasaaanaas « 254

-7 Transposed Inverse, Prairie Region, 1974
' Industries 1 to 10.uicuveencnencnen resrssrrrraverrnay 255
Industries 11 to 20.ceveesaee sesstessssncsssassennna 256
Industries 21 £0 30..cveennccncess essccssssansanns . 257

F-8 ' Transposed Inverse, B.C. Reglion, 1974

™ Industries 1 to 10..... et esssrtenranennnuan cereans 258
Industries 11 to 20..... resecesnessenannss cecssasssall9
Industries 21 to 30.cceuunee ssassssssasssnnsssnannas .260

k“"xﬂ

xix



NOTATION

Throughout the thesis, upper case letters have been used in the

equations to symbolize matrices, lower case letters to syobolize vectors

or scalars. (This listing has also been placed in the erfpapers of the

thesis.)

U-

MATRICES-
an o * n matrix of direct input coefficients based on an industry-by
industry input-output table. ) -
a m * n pmatrix of direct commodity fnput coefficlents based upon a
commodity—by-industry input-output table.
an n * n matrix of direct industrial input coefficients based upon a
a commodity~by-industry input-output table.
an abbreviated notation for the Leontieff inverse (I =- A)-l used in

the industry-by-industry version of input-cutput analysis.

an 1 * n identity matrix.

a matrix of water use coefficlents formed with‘:he.coefficients com-
prising the principal diagonal, with all of the off-diaéonal ele-
ments egual to zero.

a matrix of the values of commodity inputs by 1ndustr§ group.

a matrix of the values of industrial outputs by commodity group.

2
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VECTORS" AND SCALARS

the value of the direct inﬁut requirements for industry i's prod-

product per unit of output in industry j.

the value of the input of commodity i required to produce a unit
of output by industry j.

the jth industry's market share of the production of the ith com—
modity.

the value of industry j's commodity outputs.

= the vector of the values of commodity outputs by industry.

= a difference vector quantifying the “"pure™ effects on changes in

output of changes in final demand between an initial time period,
z, and a final time period, t.

a difference vector quantifying the “pure” effects on changes in .
output of changes in production technology over the period z-t.

a difference vector quantifying the changes in total water use
over the period z-t.

a difference vector denoting changes in total water use for any

water use parameter over the period z-t due to “"pure” changes in

water use coefficients.

= the value of the domestic output of commodity i.
= the vector of the values of the output of commodities.

= a difference vector denoting changes in tatal water use for any

wateT use parameter over the period z-t due to "pure” changes in

final demand.
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s te, difference vector denoting changes in total water use for any

-~

» . -

water use parameter over the period z+t due to “pure” changes in
production technology.

t = the final year of any time period.

v = the value of the jth induséry's output of commodity 1.

x, = the value of the ith industry's industial dutput.

y, - the sum of final demands for the products of industry i.

y = the vector of the sums of final demands for industrial products.

z = the initial year of any time period.

z-t = the perlod between year z and year t.
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CHAPTER I

o PURPOSES AND SCOPE OF THE RESEARCH

One important function of water resources in any econoﬁy lies
in supporting the economy's in&ustrial base. In water management, con-—
siderations of }industriél water use are therefore of céntral
importancel. For thils reason, one aim of research in the ‘'water resour-
ces fileld is to expané the knowiedge'of'industrial water use.

The level of industrial water use 1s a response to a large num-
ber of interacting variables. Among the more important of these vari—

~

ables are the level of production by the industry in question, the na-
ture of the technology in use, the.product mix, the degree of recircu:
lation, the opportunities for by-product recovery and ‘the cost of
water. This list is indicative.rather than exhaustive, and a more com— -
prehensive treatment of the wvariables influencing industrial water ‘use
was. compiled by Bower (1968, p. 89). Several wvariables, such as the
level of technology, the level of productivity of industrial operations
and the factors governing output levels, are associated with industrial
structure, and the forces which lead to structural change. Thus, there
is an overlap between the variables influencing industrial water use
and those governing the nature of structural changg.

In view of this commonality of underlying variables, this the-

sis, examines the influences of factors underlying structural change on

~
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changes in the levels of industrial water use. Specifibally, a frgme-
work will be established to quantify thesé influences. A case study
will be conducted to test the analytical effectiveness of the proposed
framework. Conclusions will then be drawn as to the quantitative role

played by each of the structural change factors in determining changes

in industrial water use over time.

1.1 STUDY QUTLINE

The remainder of this chapter discusses the scope of the work
.and the-relevance of the thesis to geography and to water management.
Chapter two is concernmed with the definition and measurement of indus-
trial sﬁructure and structural change. For feasons to be given in this
chapter, an input-output analytical framework has been selectéﬁ for
measur;ng some of the principal factors involvegk;q Fhe changing indus-

trial structure of a nation or region. Thus, Chapter two will include

a discussion of input-output analysis. Chapter three discusses the

field of industrial water use, focussing upon previous approaches to

analyzing this subject. On the basis of these literature. reviews,

Chapter four develops in deta}l a framework to analyze indqptrial water
use within the context of structural change.

The émpirical part of the research (Chapterg fivé and six)
begins with a detailed outline of industrial water use in Canada, based
on the results of surveys conducted by the author since 1973. In addi-
tion, Chapter five outlines the derivatton of water use data for 1966,

and presents time series of water use data for the period 1966-1976.
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Results of analyzing these data uéing the framework developed in
Chapter four are presented 1in Chapter six. The conclusions'derived
from this empirical study and the implications of the f£indings for
water management, geography and future research are outlined in thé

r
'

Hnal chaptfr

./

1.2 SCOPE ‘OF THE STUDY

In discussions of water use, a distinction is commenly drawn
betwéen withdrawal and'nonwithdrawa; uses. Withdrawal uses refer to
activities, such as the provision of municipal or industrial water sup-—
plies, which take water from some ambient water source into a distinct
and separate circulation system, use.i; as requireh, and return some or
all of it to the ambient source. Noowlthdrawal uses employ characte-
ristics of - thé walter resource as 1t occurs in its natural state. Com—
non examplés of the latter type of usage are hydroelectric power gene-
ration rand water-based recreation. . The distinction between the two
types of watef use 1s important heré; Eecause th;s‘reséarch pertains
onl§ to the.fofmar type of use. Many of tﬁe qoncepfs employed here
would be inappropriate for a s;udy of nonwithdrawal water usage.

There are two Principal Eypes of withdrawal water use, those
which are related to the support of the population and those which per—
tain primarly to the support of industry. The former includes munici-
pal .énd rural domestic uses; the latter includes water used for manu-—
facturiog, mineral extraction, thermal power production and agriculture

(livestock support and irrigation). In Canada, the most recently
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avallable statistics on water use (Canada, 1983c, p. 34) indicate that
about B89% of natiomal ﬁgter withdrawais is comprisggi of industrial use
as defined here. White (1960, p.414) showed that. industrial ‘uses:
accounted for some‘ 93% of total withdrawals in the U. S. in 1955. l
In view of the overwhelming importance of the industrial component of
national water withdrawals, the present research excludes analysis of
munlcipal and rural domestic uses.

The printipal emphasis was placed upon defining suitable mea-
sures of changes in industrial structure, and combining these with mea-
sures of Industrial watef use Into an analytical framework. Althoﬁgh.
tﬁé factors behind structural cha?ge were discussed in some detail, the
thesis was not aimed at an extensive discussion of the processes
generating shifts. in a region’'s industrial v structure. Rather it
examined the implications of such shifté for the use of_yatgr resources
by industry. '?he frémework established 'was . used to analyze the
_chéugeé in industrial water'usé for selecte& ‘areas and time -periods.
The use of anninput-output accounting framework implicitly reflects the
industrial structure of the area in question. Changes in the
input—output description of an economy over time provide a .measure of
structural change. Ihe incorporation of water use considerations into
the Iinput-output framework permits analysls of the effects of
structural change on industrial water use. It 1s clear that the case
study results (Chapter six) are indicative of conditions occurring over
the period of study. However, the analytical process deveioped Is a
general one, which can be applied to any area, given the avallabllity

of suitable data.
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The empirical portion of this research was undertaken at a
broad 1level of spatial and Iindustrial aggregation. Spatielly, the
s}udy deals with Canada and its five econcmic reglous: A;lantic Region,
Quebec Region, Ontaric Reglon, Prairie Region and British Columbia
Reglon. These five economic Tegions represent one common way in which
Canada has been regionalized for politico-economic and administrative
descriptions. This reglonal scheme was also the spatial basis of
Cang%a's first regional input—output table, which ;qs used in this the-
sis. “The country's two northern territories were omitted from conside-
ration because neither ;ndustrial water use nor Input—output data were
available for these areas.

Industrially, the database used was cowbiled at the broad
2-digit Standard Industrial Classification level used by Statistics
Canada. An 6utline of the industrial groups used will be given in
Chapter five. The spatial and industrial orientation of the work was
chosen for.two reasons: an interest in the factors underlying indus-—
trial water wuse ai the broad national and regional levels, - and the
availability of suitable input-output tables. The spatial scale selec-

ted meant that structural changes and water use at

‘individual plants or
in less extemsive areas were not examined. Thus ob;ervations about
specific structural changes as they affect water use were not possible.

The time period c&vered was from 1966 to 1976.  Although pri-
mary Canadian industrial water uge déta were avallable for the years
197% .and 1976 only, a longer time period was required in order to con—
duct a proper study of structural changes. as they affect this resource

use. As mentioned in the previous paragraph, Canada's first reglional
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input-output table was complled for 1966, making it the Flear cholce
for the beginning year of_the ﬁnalysis. The method for overcoming the
water use data defliclencles for 1966 are outlined in Chapter five.

‘ Several rélated areas of water management résearch were not
examined in this thesi;i Economic aspects of industrial water use,
although mentioned in Chapter three, were not dealt with substantively.
No cousidera;ion was given to water supply conditions, nor was any
attempt made to address the issues 1Involved in water use:supply imba-
lances. The complex area of industrial water quality and watér pollu-
tion were also excluded. Each of these related areas present opportu—

nities for future research.

1.3 GEOGRAPHICAL AND WATER MANAGEMENT RELEVANCE OF THE RESEARCH

The wuse of water is one of the most fundamental transactions
between man and nature. In the case of the establishment and growth of
most significant Industrial areas, the availability of adequate water
supplies is a fundamental, though not determining, consideration. That
the study of resource quglity and availability is an appropriate area
for geographical research there can be little doubt. For many years,
geographers have been involved in resource inventory and analysis. The
case for geographical study of resource issues has perhaps been most
fully developed in the area of land use, where many of the measurement,
mapping and analytical methods have been due to the efforts of geogra-

phers (Mitchell, 1979, pp. 57-67).

An equally strong case can be made for geographical analyses of
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water use. Geographers have been active in thislfigld, and have made
substantial contributions to it. Sewell (Canada, 1968) was a principal
collaborator in a federal government colloqium and subsequent publica-
tion concerning methodélogies for forecasting water demandé. Both Lee
(1969) :;d Grime (1972) made significant contributions to the theore—
tical understanding of residential water use in developing and develo-
ped countries. Mitchell and Leighton (1977) conducted a- study to com-

pare methodologles of water . use forecasting in new residential
communities.  Robinsonr (1979) conducted, and is still actively engaged
in conducting, research to promote water conservation in the -Regional
Municipality of Waterloo, Oﬂtario; a large portion of this research is
aimed at understanding the nature of municipal water use. In the area
of data collection, the author and his colleagues at Environment Canada
(Canada, 1977a, 1983b; Tate anéﬁLacelle, 1978) have established a con-
tinuing program of data collection and analysis on both industrial and
municipal water use.

Therefore, this thesis is seen, not just as an isolated study,
but rather as part of a'developing area of geographical research. An
effort has been made in the thesis to advance the understanding and
analysis of industrial water use. As Mitchell (1979, p. 79) pointed
out, the compllation of resource inventories and knowledge of current
and future resource use are central to the task of water management,.
and are tasks which are well within the scope of geography as a disci-
pline.

In the context of Cana@}an water management, the thesis also

has significant relevaace. With nationally abundant water supplies,
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Canada’s answer to water problems has traditionally been one of supply
manipulation and physical works. The large engineering feats, such as
the St. Lawrence Seaway, the James Bay development, the Columbia River
project, and many others, are examples of the supply management
approach which Canadians have often taken to water resource igsues
(Tate, 1982, p. 155). No attempt 1s made here to laud or condemn this
supply-oriented approach, but it must be pointed out that this approach
has been taken in clear disregard for the alternatives suggested by
demand management, which is concerned with influencing water demands so
as to curtall the need for large scale (public) capital works.

Relatively few efforts have been made to unde;stand the nature of water
use and the factors which influence it. The current research project
is aimed, therefore, at’examining ome aspect of iIndustrial water use,

namely 1ts interaction with the factors of structural change.
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CHAPTER II
THE DEFINITION AND MEASUREMENT OF
INDUSTRIAL STRUCTURE AND STRUCTURAL CHANGE

Industrial structure refers to the composition of the indus-
trial base of a nation, region, or urban area. O‘ngnor's (1974, pp.
113-114) definition of industrial structure is suitable for use in this
thesis, namely that industrial structure refers to "..* the types of
industrial groups represented in a study area, measured by a_ variable
such as (the) proportion of total employmeat in particular caﬁégo;ies
of irdustry.” Structural change is simply the change which occurs in
these proportions over time.

This chapter 1s concerned with examining the concept of struc-
tural chaége as it is used - in this thesis.. The major factorg under—

lying structural chaﬁge are dealt with in the first section of the

- chapter. Four major groups of factors are dealt with in this section:

supply cpnditions, demand conditioms, conditions which give rise to
productivity chénges, and those which generate technological changes.
The second section of this chapter reviews' briefly some of the past
eff''rts which have b;en used to measure and analyze industrial
structure, placing emphasis upon the possibility of incorporating inteo
each measure considerations of resource use. To anticipate somewhat

9



”

-10
the outcome of this discussion, input—-output analysis has been found to
be the most appropriate method of combining resource use considerations

with structural change analysis. The third section of the chapter is

devoted to an explanation of this finding and to an overview of the

L

input—output technique.

2.1  FACTORS UNDERLYING STRUCTURAL CHANGE

The development of a nation or region over. the long run can be_
fundamentally described in terms of its shifting ecquomic structure.
Works by Perloff et al. (1960), for the U.,S. economy, and by Kuznets
(1966), for the developed nations are but two of the -major works in
the past to document economic history in terms of structural change.

-Although structural change can be quantified quite readily in aggre-
gate terms, as indicated at the beginning of this chapter, explanation
of the processes underlying shifts in industrial structure are complex,
and have been the subject of considerable research 1in economics,
geography gnd other disciplines.

This thesis uses the concept of structural c¢hange to examine
shifts in the pattern of Canadian industg}al water use. The relatively
drief comments made here, although important for development of the
thesls, constitute b§ no means a comprehensive review of the structural
change literature, and draw no conclusions as to the processes
underlying structural shifts in an econony’'s Industrial base.

For present purposes, fhe'factors underlying structural change
have been discussed under four major groupings, namely: supply forces,
demand forces, productivity changes and technological changes. The

classification of forces is by no means the only one possible, but is
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oae which will be wuseful in developing the framework for the current
research. Although this classification of forces was useful, it is
still somewhat artificiazl in view of the many interactions between

factors. Several examples of these interactions can be given. Supply

-

-~

and demand forces comblne and interact to determine the price of goods
and services. Prices, of course, are érucial in determing the nature
and structure of an Industrial base. Shifts in technology may be
generated by of may generate changes in productivity or changes in the
structure of demand. Shifts in demand due to autonomous price changes,
like those occuring as a result of energy shortages may generate
conditions favourable to technological .chauge. Several examples of
these energy-related technological changes have been described by Howe
(1979). The focus of this section is descriptive, rather than
definitive and explanatory in its treatment of the four facror groups
which underlie structural change.

2.1.1  Supply Factors

For present purposes, supply factors are conslidered to be
those related to the supply of inputs to industrial processes.
Economists have traditionally classified these resource‘inputs as land,
labour and capital. The "land”™ factor rdlates not just to the land
mass occupled by a nation or region, but also to the natural resources
contained therein, as well as to the physical capital which has been
created. Labour as a productive factor refers to the availability and
charactistics of an area's labour force, while capital 1s used to
generalize the availability of financial resources and infrastructure.

Structural change usually involves decreasing production costs,
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the generation of new products, the use of new processes or the
discovery of new ways of using raw materials. Increasing the supply of
any productive input will tend to decrease production costs. Supply.
increases may emanate from a variety of sources, such as the discofery
of new raw material sources or of new methods of using previously
unused materials. As suggesfed by Zlmmermann, (1953), the concept of
natural resources is fundamentally function;l in nature, meaning that
the "peutral stuff; of nature is not.a resource until a function is
found for it to satisfy human wants or needs. In genmeral, any
couversion of Tneutral stuff” into resources is by definition an
Increase in-resource supplies and thus may create conditions for
atructural change. In economic terms, increases in resource supplies
will tend to shift the supply curve downward to the right, thereby
tending to lower the cost of the material in question, and thus lowér
raw materlal supply costs.

Water has considerable importance as an industr;ai raw
material, and some evidence exists that its availability can influence
an area's industrial structure. The signif%cant industrialized areas
of Canada, for instance, are all located close to abundant water
supplies. The Great Lakes-St. Lawrence and the Lower Fraser River
basins are examples of this locational phenomenon. It is not suggested
here that water supplies cond;tion absolutely industrial location, for
that would be over—simpliying the factors and calculus of industrial
location. However, the location of heavily industrialized areas in
water—abundant 'locatiqns demonstrates that water supply has been an

influence on industrial location decisions.
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2.1.2 Demand Factors

In considering questions of demand influences on structural
change, the concept of income elasticity of demand is a key one.
Income elasticity of demand is a concept devised to measure the degree
of responsiveness of the quantity of a good or service demanded to
changes in income levels. In a situation of rising income levels, the
demand for a good or service is said to be inelastic if the increase in
quantity demanded is less than proportional to the rise in income
levels. It is said to be elastic if the rise in the quantity demanded
is more than proportional to the rise In income levels. The
implication. of an income inelastic demand is that, as incomes.rise,
proportionately less 1s spent on the good or service in question,
leaving proportionately more money available to spend on other goods
and services. |

Income elasticity of demand is significant in the sector theory
of growth (Fisher, 1933 and Clark, 1940), which attempts to explain the
appareat shifts from a significant concentratlion on agriculture to
manufacturing and tertiary industries as a country develops. The
demand for agricultural products tended to be income inelastic, and, as

.
incomes grew, proportionately less was spent onm such productsa‘leaving
a residual amount available to generate a demand for manufactured goods
and tertiary services. As real iﬁcomes became progressively larger,
thils residual grew, raising demand for the goods and services provided
by manufacturing and tertiary sectors. Thomas (1969, pp- 44-45; 1974,
p- 41) showed tH;t income elasticity ofldemand was a slgnifjicant faec-

-

tor leéding to strpcturél change, by raising the demand for secdndary
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and tertiary goods and servicés,i‘;nd by creating the demand for new

ﬁ‘
A
‘\Products.

In addition to incomé elasticity, other deménd-related factors
are also important in considering\ the sources of structural change.
Clearly,- changes in the size, quality and location of the population
will change the character of demand. The sheer volume of a nation's or

- -

region's population will tend to increase demand, as well as leading to

denands for new products. Ch;;ges.in the quality of a population (e.g.
higher average educational attainmﬁtt) will lead to a shift in demand
functions, will generate new product demand, and thus induce-structural
change. ) y -
Demand- and supply factors, as noted above, are closely inter-—
linkegg_,Bgadg%y available rescurces, for example, will oténd to give
rise to relatively lqy production costs, as compared to other producing
areas less well eddo#eag These lower costs will, assuming the exist—
ence of reasonably "pure” competition (i.e. a market situation in which
no person or firm has any individual influénce on market price), give
rise to lower prices, which, in turﬁ? wlll lead to iﬁcreased demand for

the product.

2.1.3 Productivity Changes -

Producéivity is measured by a raéid of output per unit of
input; fof example, output per man~hour measures labour productivity.
While labout p;oductivity is perhaps the most well known geasure of
productivity, other measures are possible. For example, in this
thesis,_pro&uctivity is measured by the value of output per.unit value

of input to the I1ndustrial compoments of Canada's economy. Improved
p ?
. X e
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productivity in the agricultural sector wag used in the sector theory
of growth, referred to earlier, to complement the effect of income
elasticity of demand. Productivity improvements can result from a
variety of measures, such as mechan;zation, improved education, and
computerization. The general effect of improved productivity is to
lower production cost$, leading to increased output and/or ;t:uctural
change. . 3

Productivity increases have also been suggested to piay a key
role in the "unbalancedé growth theories of Perroux (1955), Hirschman
(1958) ?nd Boudeyille (1966). Thes# theories of industrial growth and
structural change are based upon a 1lead industry or "growth pole”,
which géins an initlal advantage 1in a region. The dynamic growth of
this lead industry induces growth in related industries through such
mechanisms as interin&ustry linkages, accelerators and multipliers.
Thompson (1968, pp. 12-15) described this process of induced growth for
a hypothetical urban region. Through the mechanism of input and output
| linkages, the 1ead_industrf attracted both its input suppliers and the
users of its products and by-products. As the region grew, more and
more servigqs were attracted to.it, and a greater proﬁértion of income
was retained within the region. Multipliers, which arﬁse through the
effect éf the respeqdiﬁg-ok earned incomes, reinforce the retention of
funds within the region. If the growth process contiﬂues unimpeded,
not only does the volume of regiomal economic activity increase, but
also the region's industrial structure becomes Increasingly divéfsi-

fied.-

T There are other avenues by which cost reductions can be ach-

P e e e e el e o e T T e e
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leved through‘productivity improvements. One is through the attainment
of economies of scale. As production increases, the opportunities for
scale economies are numerous, for example, bette? and/or more intensive
use of maéhinery, specilalization of the work force and bulk ordering of
raw materials. A related path of cost reduction is spatial in nature,
the so-called spatial' ;conomies of scale, such as localization
economies; urbanization economiés and agglomeration economles. .These
have been described by Isard (1960, pp. 404-409) and underlie the
industrial complex analysis technique of regional science (Isard and
Schooler, 1959). Another avenue of cost reduction is technological

change.

2.1.4 Technological Change

. A major force leading to economic growth and development over

the loﬁg term is technological change. According to Schmookler (1966,

P-2), technology is .

esa the social pool of industrial arts.... The

' rate at which new technology is produced in any
period 1is the rate of technological progress...
When an enterprise produces a new good or service
or uses a method' or input which is new to 1it, it
makes a technological change...

While Perroux (in McKee et al., 1970, pp. 93-103) and other growth pole

!

theorists alludéd to the role of technological change, their analyses

focussed on factors which affected growth principally in the short run.
Their’ concern with a single, short term cycle, or "round”, of growth
and its economic effects did not {nclude.factors which give rise to

long-term change. Thus, they concentrated on factors such as cost re—
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duction, elasticities, and others ‘which can be conceived of as acting

over the short term.

15

In contrast, technological advance is an important factor in .
the explanation of long-term economic and structural changes, and has

two general effects: increased efficiency and new products. The former

generates cost reductions and/or increased productivity. New products .

engender an increased demand and fresh demands for new products. When

.

combined, the effects of decreased cost and new demands generate growth

and structural change.

e

Schultz (1977, p. 31) stressed indirectly the seminal role of
technological change in socletal living standards. After pointing out

the role of market-like arrangements in stimulating Eechnological

change, he stated that:

-

Living standards in modern Western socleties are, by
an order of magnitude, superior to those of the ear-
ly seventeenth century.. Had the triumph of the mar-
ket meant only a more efficient use of the technolo—
gles and resources then available, the gains in
living standards would have been miniscule by compa-
rison. What made the difference was the stimulation -
and harnessing of new technologies and resources.

-

Technological change has effects on the other three factors
underlying shifts in industrial structure. As shown earlier, the pre-
viously “neutral stuff” of nature can be transformed into prodﬁctive
resources. Demand patterns can be shifted substantially thro?;h the
invention of new or improved products. Technological advances éan a}so

lead to productivity changes, thereby lowering production costs and

1eéding to structural changes. Different types of technological

.
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changes have been descriﬁéd. Some are ihposed from outside the indus-
try in question, and are terﬁed exogenous. Such exogenous changes have
been felt in the transportation sector, with the long-rum shift to

smaller automobiles, the demand for which increased subgtantially as a
- ’ =

result of the energy f'crises" of the 1970's. Other technological
changes can generated from within the industry itself, and afe termed
endogenous. The endogenous changes are most often the product of
industriai resear;h and development efforts.

There 1s no doubt that technologlical changes from whatever
source éan affeéz industrial water use. In-plant water use patterns
have frequently been caused by endogencus shifts in technology. A no—
table example occured with the conversion to use of the baslec oxygen
furnace from the open hearth method in steelmaking. Changes of this
tffe ultimately have an effect upon wéter use (Bower, 1966, 1968), as
éhown in a study of the Canadian integrated iron and steel industry
(Canada, 197£). Similaély, exogenously created shifts in technology,
such as decreasing automobile size may affect water use, in this case
tending to lower it for a comstant level,of demand. This thesis exa-
mines tﬁe results of technological change on waté; use, not at theﬁ
causes of that change, and thus makes no attempt to assess the relative
importance of the two types of shift.

The process of technological innovation is a continuous one,
normally achieved through the adoption of small Jimprovements to
production processes, and occaslonally through major imnovations, such

as the current advances occurring in microcomputer technology. The

adoption of new technologles has time lags or imertia built into it.

- ’

+

? R
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When industrial operations are new, they presumably inc?rporate the
latest advances in technology. Once established, they represent
significant investments, which cannot easily or inexpensively be
altered, because of amortization and write—off considerations, and
also because of interruptions to production. Thus technological change
tends to be "step—wise” rathef than contioucus in nature.

This problem of inertia is a significant one in considering
industrial water systems, and aspects such as water recycling and pol-
lution control. It is clear that water systém .considerations are
relatively minor ones in overall plant design. In addition, water 5ys-—
tex investments, while fundamental to plant operatlons, are essentially

_non—productive ones, except possibly for the issue of by-product reco-

- Ed

~very. Also, water costs are iusignif%sanf Snes g&ith fesPect-to corpa-
rate decision-making and in the ;etéi cost of ;;w material acquisition
in most plants. For these'ﬂfeasons, water and other environmental
considerations are unlikely to be candidates for efforts to maintain
the state-of-the-art in production ﬁrocesses. In other words,
substantial . inertia exists in altefing plant water systems; The
implication ;ere is that industrial water systems chénge only very
slowly, and that analysis of issues such as the adoption of water

recycling is a long—term undertaking.

2.1.5 Summary of the Factors Leading to Structural Change

To summarize this section, four sets of factors have been put
- :
forth in previous research studies to explain structural change. These
factors, although discussed separately, are interrelated to  sonme
o \a

L

degree. Attention Is drawn here to the fact that demand and supply fac-
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tors interact to establish an equilibrium level of production, and to
establish what types of products are produced. On the other hand, pro-
‘ductivity change- and technological chahgé—inducing factors interact to
determine how goods and services are produced. More will be said later
in the chapter about the usefullness of combining the four factors into
thosé which govern the quantity and type of production and those which
govern primarily how goods and services are produced. Before dolng
this, however, it will be useful to examine possi?le approaches to the

measurement of structural change.

2.2 SYSTEMS OF MEASURING STRUCTURAL CHANGE

This section outlines some of the systems which have been de-
veloped to wmeasure Industrial structure and structural change. The
outline is not intended to be exhaustive, but is intended to show some
of the research strategles used by geographers and others to examine
Ehe structural change dimension of economic growth. The purpose of
this review is to examine the degree to which existing tecﬁniques of
structural change analysis can be augmented to include, simultaneously,
considerations of resources utilization.

Economic base studies arose from the effort to determine which
were- the important ;ariables underlying the processes of natiomal or
reglional economic growth. The economic base approach drew a distinél
tion between basic and nonbasic economic activities in an economic sys-—
tem under study. Emplo;;ent was commonly the parameter used in

economic base studies, although output and other measures have also
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been used. Basic activitles were considered to be those which produced
goods and services for extra-regional markets. Nonbasic, or service, .
activities consisted of those which served markets internal to the
‘Treglon. Basic activities, according to the economic base hypothesis,
are important for regional growth because they attract momey and capi-
tal flows into the region. o

One measurement wmethod commonly used at the régiogal level was
to develop, from data on the nation as a whole, a proportion of total
employmeﬁt which could be "expected”™ in a region, assuming that the
reglon mirrored exactly the nation's production pattern. Multiplying
this set of proportions by the total regional employment gave a set of
expected employment levels in the region. Reglonal employment din.each
industry in excess of the expected level was considered to be basic
employment. The remainder (i.e. that up to the expected level) was con—
sidered to be nombasic employment, or that employment which served
intraregional markets.

Ale#ander (1954,  pp. 87-100) reviewed and criticized-the eco-
nomic base approach to structural analysis. It is not intended here to
review these criticisms. Rather, the point is to look at the techoique
as a possible method for structural change analysis, and at the poten-
tial for augménting it to include resource use consideratiqns.
Clearly, changes iz structure could be measured by.lobserving inter-
period changes in the amounts of basic employment in each industrial
group. However, while this process might indicate overall‘éhanges in
industrial structure, the technique is one-dimensional in that only one

parameter at a time can be analyzed. In other words, it is not possi-
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ble to integrate other conditions, such as resource utilization into
the calculations. Thus, the technique 1s umsultable for the analysis
of resource use inr conjunction with measuring structural change. Even
1f water use were to'replace enployment as the parameter used for mea-
surement, 1t seems clear that the divislon of water use into baslc and
non-basic éomponents would be futile and meaningless. The point should
also be made here that tﬁe analysis of resource use in conjunction with
calculation of baslc activity was not an Intended application of the
economic base technique. &

The same type of criticisms can be levelled at a number of
other methods for examining industrial structure. Harris®' (1943) func-
tional method for classifyiﬁg cities, Nelson's (1955) service classi-
fication, Boivert's (1978) functional method for examining regional
structure, and Lloyd's 61979) components of industrial change methodo-
logy are all one dimensional in the variables considered and offer
little hope for augmentation to consider the resource use impacts of
stuctural change.

Perloff et al. (1960) described and analyzed long-term struc-
tural change in the industrial base of the United States from 1830 to
1950. Regional structure was measured by calculating the employment
levels 1o each reglonal industry. Structural change was then described
by observingrchanges in the proportlons of regional employment in each
industry over time (i.e. share " analysis). Analysis of structural
ch;nge was carried out by partitioning the changes in these proportions
into two types of employment shifts: differential shifts and propor-

tional shifts. Differential shifts were hypothesized to be related to

o
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the advantages offered by the region to industry. In contrast, propor-
tional shifts were thought to be due to the nature of the region's in-
dustrial base. Together these two shift components added up to the
region's total shift in employment.

The shift—$hare technique and the principal criticisms levelled
against it have been dealt with extensively by Stevens and Moore (1980;
see also Tate, 1981),. In terms of analyzing resource use -
simultaneously with structural change, the techaique is open to the
same criticisms as levelled against the economic base and related tech-
niques outlined above. However, the shift-share technique does parti-
tion the observed changes in economic structure into components related
theoretically to the forces behind structural change. This technique
of partitioning total changes inte theoretically-based components Is
similar to the one adopted in this thesis to consider the effects of
structural change on Industrial water use.

Input—output analysis, in contrast to the structural analysis
technijues dealt with above, offers a framework which is both based on
a description of an economy's industrial structure and sufficiently
flexible to accomodate simultaneous consideration of water use. The
‘remainder of the chapter is devoted to an outline of this analytical

method.

2.3 INPUT—-QUTPUT AND THE ANALYSIS OF STRUCTURAL CHANGE

2.3.1 Historical Antecedents ~\\

The roots of Iinmput—output analysis are found in the ‘literature
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of economics, with their origin being generally credited to the French
physiocrat Quesnay (1694-1774). Quesnay’s description of anleconomy
as an integrated whole, which could be depicted in tabular form was an
earl} version of the modern input-output table. Little developmént was
given to this line of research until Walras (1834-1910) developed a
system of equations to demonstrate how prices were determined in an -~
economy,ﬁgiven assumptions about pure competition, individual utility
functions, commodity supply and demand functions'and production techno-—
logy. Walras' system provided a theoretical view of an economy, but
the amount of information required made his system of little practical
value.

Leontieff (1905 - ) used the theoretical system of Walrés, but
simplified the information requirements by "collapsing™ the number of
industries to a manageable number, forty-five in his ploneering work an
by dispensing with the Walrasian demand functions (Leontieff, 1936).
The acttractiveness of such “input-output” anélysis is its general

equilibrium view of the economy, one of the few economic models to

incorporate such a view in a workable manner.

2.3.2 - The Accounting Framework

Inpﬁt-output analysis is based upon an input—output table,
which systematically accounts for the sources of inputs used in an eco-
nomy and the polnts of disposition of the economy's outputs.
Richardson (1972, p.l4) drew a distinction between input-output as an
accounting teéhnique and as an anaiytical model. it is usefulqét the
outset to describe briefly the nature of faput-output accounts.

In the established Keynesian economic framework, national
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income (¥) is equal to the sum of coﬁsumption (C), iavestment (I),
government expenditure (G) and the nation's net trade flow, exports(E)
minus imports (M). The accounting system based upon: the Keynesian
conceptualization of the economy, is commonly\zgggrred to as the
system of national income accounts. In this accounting framework, the
production of 1ndividual industries and the flows between them are not
speclfied. In contrast, the input—output accounting system views the
economy in a substantiélly more detailed manner.

PR Il
Richardson stated (1972, pp.l4-15):

. The major difference between inpdéhoutput ac-
counts and Income accounts 1is that input—output
accounts break down the business sector into a large
number of individual industries or sectors and
record the transactions that flow between each
sector; these intersectoral flows are shown as an
interindustry tramsactions matrix in the account.
Apart from this, the input-output account contains
more or less the same kind of information found in
national . (or regional ) accounts, though
occasionally in a slightly different form...

Although input-output accounts can be made
consistent with income accounts, their emphasis is
different. The dominant concern of income accounts is
the composition of final demand, while input-output
accounts focus more on the interindustry transactions
that lie behind changes in final demand.

L 4

An overview of the input—qutput system of accounting is shown
in the form of an input—output table (Figure 2.1) for a hypothetical
economy. This table is set up to show how input—output and natiomal
income accounts are related. The intermediate sector of the table,
labelled producing and purchaging sectors, contains rows and columns
for each of the "u' industries in the economy. Each row of this pa:t”

of the table shows the distribution of sales from one industry to each

e
i
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Pigure 2.1 A Simplified Input~Output Transactions Table
To Purchasing Sectors Final Demand Sectors
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holds Invest— ment Gross
From leceeoselonssenan went Outlays
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Source: Richardson (1972, p. 19).
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of the other lndustries in the econohy. Each column shoﬁg‘the sources
of one industry's purchases. The final demand sector records how much
of each industry's sales -are purchased by the wvarious categories of
final demand, such as h&ﬁseholds, p?ivate investments, exports, and
éovernment. Below the producing sector of the table are recorded‘the

varlious categories of primary input, including imports. The right-hand

column records the total gross outputs for each producing sector and -

the total amount of primary inputs, while the bdttgm Tows shows the-
total gross outlays for edch of the.purchasing_ and final .demand
sectors.

The tableﬁshows that national income accounts can be computed
from the inpuf~output accounts, using the data recorded in the final
demand and import portions of the table. Final demand consists of
household consumpcion, private d1ovestment, sales to government ;nd ex—
ports. As shown in the table, the input—ocutput accodnting stanc; also
contains a detalled description of interindﬁstry flows.

With this accouﬁting framework established, it 1is now possible
to describe input—output as an analytical model. The following outline
commences with a descripiion’of national input—-output models, and then

proceéds to discuss briefly the interregional form of the models.

2.2.3 National .or Single Reglon Input—Qutput Models
Input—output analysis was inigiaily-seveloped in the natio?al
or single region context. Ian the Iaitial phase, data requirements and
computer capacity comstraints limited the . development to the singie
spatial unit, and single unit models are.sti;l in use. The follo;ing

review covers two types of single unit models: the industry-by—industry
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model and the commodity-by-industry model. The former is reviewed
because it forms the basis for the research carried oﬁf in.this pro-—
_ Ject; the latter.because it is the frafewo;k for 'Canadian input—output
work and, accordingly, - was the_:source used in obtalning much of the

data to be used in this research.

The Industry-by-Industry Format: In the industry-by-industry for-

| mat,“the.set of purchasing sectors 1s identical to the set of préﬁuciné

sectors. The relationships between lmputs and outputs for any igdustfy

can be stated in the following identity:

X, = —

1 xij + ¥y (Eq. 2.1)

—

ﬁhere:'xij = the sum of sales from industry i to industry j;
x, = total value of sales of industry i;
£ = the sum of the final demands for the

p

‘products of industry i.
Assuming that industry j's purchases from industry i are stable™

in terws of ipdustry i's dutpufz equation 2.1 may be rewritten as:

Ky < 8y %] T 8y,%, T 8yq¥y " eee. TR, X ¥, (Eq._Z.Z)
" where: aij = the direct input requirements for
- industry 1's product per unmit of output in
industry 3. .
In equatiomn 2.2, the' aij's are termed direct lamput coefficients since

they denote how much of industry i's iqut must be purchased by each
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industry per unit of output.

The 6bje&tive of the input—ocutput analysis is to estimate total
outpu;; in each industry, given the levei of final demand for -each in-
dustry's products. This task 1involves tracing not only the direct
first round outputs reqﬁired to meet these ‘final demands, but also the

Co . -
outputs required in second and subsequent rounds of production. ‘The
method;logy for accomplishing this was developed by Leontieff and  1is

now a standard procedure in economic and regional analysis. In terms

of matrix algebra:

x-Ax =y (Eq. 2.3)
: where: x = a column vector of gross output;
QL“ y = a column vector of final demands;

A=an (nx ) matgik'of direct imput

coefficlents. .

Using an identlty matrix, equation 2.3 can be rewritten:
(I -a)x = ¥ (Eq. 2.4)
where: I = an (p x n) identity matrix.

L

Since the level of gross outpuy in eachlindustry is the wvariable being

solved for, the system is rewritten as:

x = (I - A)_l b4 (Eq. 2.5)

where: (I - &)1 = the Leontieff inverse matrix.



The, elements of tge iﬁ;erse matrix quantify the direct plus
indirect requirements of industry {1 pér unit of final demand for the
output of industry j. With the relationship quantified between final
demand and total output, this model can be used ;o simulate the effects
of changés in final demand on e;ch of the producing industries.

Iwo assumptions dre o{ central imporéance'in using this méthod—
ology- First, the system allows the production of no joint products,
that is, each commoditytproduced isg assbcia;ed with one industry only.
SEESud, the Eech;ical coefficlents are asgsumed to be constant, requi-
ring -constant returns to scale and no import substitution. The “one
indusgry : one product” assﬁmption is especlally important in this
thésis, sioce industry-by—-industry input—output tables-wereuused here.
This choice was made in spite of conventional pracﬁ}ce in Canada to use
commodity-by—i;dust;y tables. The assumption, and its principal
alternative are discussed here, followed by an explanation of why the
industry-by—industry approach- was selected.

Holtzmat (1953) discussed methods, criteria and problems of
aggregation. The theoretical criterla Pbr aggreéating industriél .
operations developed in this work were (1) similarity of input struc-—
tures and (2) complementarity of output. Davis (1963, pp.22-23) summa-=

rized the two criteria as feollows:

. (With regard to) similarity of imput structureés ...

. if two sectors utilize their inputs in identical
' proportions, nothing 1s lost with regard to analy-
tical results from their aggregation into a single

sector. More specifically, the'laverse of the ag-

gregated table under such circumstances is identical
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ta>the aggregated lnverse of the original table ...

(With regard to) complementarity of output....if the

outputs of two sectors are produced in fixed‘bropor—

tlons, these sectors may also be combined without

undesirable effects upon the analytical results....A

classic example is.-the consclidation of the textile activities of
spinning, bobbing, weaving, etc.

Conslderations of practicality must enter into the aggregation
proce§§;. Clearly, 1f an analysf‘is examining a particular problem,
industrial sectors which have little bearing on the problem can be ag—
gregated with little loss to the analysis. For anmple, in preparing
the model outlined in - Chapter five, many of the industries in the
Canadian Input-output system will be aggregated because they are minor
water users. A second issue of practicality is the concerﬁ for data
availability. There must be a trade-off between theoretical precision
and data ?vailabilipy constraints. The latter consideration was the

principal one involved in the decision to use the industry-by-industry

-, \

approach.

The "one industry : one product“ggésumption has been strongly
- AY

criticized by -many analysts (e.g. Rosenbluth, 1968, p. 260; Victof,

1972, p. 20). In fact, criticism of this assumptibn has motivated

v
some¢ countries, including Canada, to adopt a’commodity-by-industry

approach to building input-output table;, in place of the Leontileff
iﬁdustry-by- industry approach. Victor (1972; P. 20) summarized this

polnt as follows:

Until recently, input-output analysis and inter-
industry analysis have been synonyms for each other.

.In order to study inter-industry relations it was
practice to aggregate the various commodity ocutputs

. of each industry into one ‘average', 'typical' or
'primary’' product. As a result of this aggregative
process, inter-industry models have the characteris-
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tic that-.industry outputs can always be structured
80 that any flnal demand can be produced exactly,
without shortage or surplus. Referring to this as a
'sleight of hand of the inter-industry system', Pro-
fessor Gideon Rosenbluth has argued that "if the
economic system 15 indeed well—described by rigld
Industrial input coefficlents....and 1f we recog—
nize that industries have multiple outputs, then it
is unreasonable to suppose that there is no such
thing as Joint production ....and hence it is un-
reagsonable to assume that any blll- of goods one
cares to specify should be produceable exactly with-
,out shortage or surplus.” For this and other
reasons, Rosenbluth advocates "the abolition of
industry-by-industry analysis and lts replacement by
«++.commodity-by~industry analysis.” In this vari-
ety of Iinput-output anmalysis, commodities and indus—
tries both enter expllcitly, and the need to aggre-
gate the multi-commodity output of each industry
into one composite commodity is avoided.  Full re-
cognitlion can thus be given to the fact that Iindus-
try uses and produces many commodities, and that
some commodities are produced by more than one in-
dustry.... As a result of the interest of Canadian
economists in this particular type of lnput —output
analysis, and their contributlions in its
development, Canadian  dinput-output data are
published in commodity-by- industry accounts.

In splte of these criticisms‘of the "one industry : ome commo-
diry"” assumption and the theoretical improvements offered by the com-
modity—by-industry apppoagh, which 1s dealt with below, the decision
was made to use tﬁe industry-by-in@ustry approach. This decision was
taken because of ‘the availability of data on industrial water use.
These data were collected and compiled‘on an Iindustry basis, and the‘
surveys used foé-the data collection have not asked for informétion_on
water used to produce individual commoditie;. While commodity—-specific
water use estimates could have been made in a manner similar to tﬂat
used by*Victbr (1972, p. 172), such an estimation exercise was rejec—

ted because of the possible error which would thereby be intreduced.

1
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%or example, in a paper mill ;peration?' it would Pe very diffiéult to
allocate water use amongst major products because of. the integrated
nature of operations. Such an allocation process would require the
making of ;’number of quite arbitrary assumptions, thereby introducing
sources of error.

The second assumption, that of comstant technical coéfficients,
was pot an essential part of the methodology wused in the current
research, as distinect input-output inverses were used for each succes—
sive year in the analysis. %n fact, the analysis hinges in part upon

the changes in thé coefficients of the inverse. In view of the. method-

ology used, no further comment is made here on the coefficient cons-

/A"
tancy assumption. !

1

The Commodity-by-Industry Format: The development of the\\fom—

wodity-by~industry approach to input—output modelling was based Gpgu
the reasoning given by Viétor,/cited ét 1ength earlier. Statistics
Canada has been a pioneer in the development of national and inter—
regional models of this type (see Canada, 1969, 1979). The following
brief outling is based upon the work of that agency. The outline is
glven because the industry—b}-industry,tables used in this research
were derived from the commodity-by-industry tables of Statistics
Canada.

The major mgtrices and vectors involved in commoditz—by- lndus~-
try tables are shown in Figure 2.2. In place of the n x n ﬁrocessing

sector of industry-by-industry analysis, two commodity-by-industry mat-

rices form the basis of the approach. The V matrix, often called the

make” matrix shows the values of the industrial outputs ‘of the system,
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Pigure 2.2 " “The Ac;ounting Fr&mework of Canadian Input—QOutput Tables
Commodities Industries Final Demandl Total
Commodities u F q
Industries v | g
Primary
quutsz YX YF n
Totél q' - g' e’

1. Final demand categories include: persomnal expenditures on goods and
services, fixed capital formationm (business and government), value
of physical change in Ilnventories (both withdrawals and additiouns),
gTross government current expenditure on goods and services, domestic
exports of goods and services, re—exports of goods and services, im-
ports of goods and services, and government revenue from sale of
goods and services. '

2. Primary inputs Include: commodity indirect taxes, other indirect
taxes, less subsidies, wages and salaries, supplementary labour in-
come, net income of unincorporated business, and other operating
suplus.

Notatlion:

V = a matrix of the values of industrial outputs;
U = a matrix of the values of intermediate inputs;.
F = a matrix of the values of commodity inputs of final demand cate-
gories; C
YI = a matrix of the values of primary inputs of industries;
YF = a matrix of the values of primary inputs.of final demand catego-

" rties;

= a vector of the values of total commodity outputs;

a vector of the values of total industrisl-antputs;

= a vector of the values of total inputs (commodity plus primary)

of £inal demand categories;

n = a vector of the values of total primary inputs (industries plus

final demand categories).

m {e 0O
n

Source:r adapted from Canada, 1982b, p. 8.
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classified by-commodity. The U, or "use”, matrix contains the values
of the intermediate commodity inputs to industries. The other matrices
and vectors are as described in the figure.

Two sets of assumptions tie these matrices together into an
input-output model. The first set concerns the allocation of commodity
préduction amongst industries. The second set establishes industrial
production functions, which are in turn used to determine the indus-
-trial requirements for commodities. A basic accounting identity estab—
lishes a balance between the supply and demand for commodities in-.the
system, When the commodity allocatlion and industrial production
assumptions are combined with the accounting identity, an input—ouput
model is defined, which determines outputs as a function of final
demand, in a manner similéf to the interindustry model.

The commodity allocation assumption states that, regardless of
the level of production, industries will maintaiﬁ their share of domes-
tic commodity output. In other words, the total domestic output of
each commodity is produced by industries in fixed proportions. In

mathematical terms: )

L .
dji = vji/qi _ (Eq. 2.6)

where: dji = the jth industry's market share of the

<

production of the ith commodity; -

-

vji = the output of the ith commodity by industry j;

-
qi = the potal domestic output of the ith commodity.-

~

The .total value of the output of each indust®; equals the sum

of the output value of each coQ%Pdity produced by the industry; that

T
v

¥,
-4
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is:

- m

where: g = the m x 1 vector of industry j's outputs.
By combining equations 2.6 and 2.7, the total industry output

can be expressed in terms of market share coefficients:

o)
This equation can be restated in matrix form as:

" g = D.g (Eq. 2.9)

where D = a matrix of the elements d {0 referred to by

]

Statistics Canada as the Domestic Market Share

Matrix;

: ]
g and q = the vectors defined.in Figure 2.2,

The iﬁdustrial pr;duction assumption states that the values of
the inputs useé in each industry are fixed In terms of the industry's
total output value. This assumption is the familiar industry tecﬁno*
logy assumption discussed earlier, and can be derived as follows:

’ bij = uij/gj (Eq. 2.10)
whére: bij = the input coefficient, that is, the value of the

input of commodity i required to produce a unit of out-

put by industry i;

uij = the lnput of the ith commodity to the jth industry.

rl

!

"
kS

Equation 2.10 can be rearranged to produce a relationship bet-

ween industry output and commodity input:
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) . Uy = bij'gj (Eq. 2.11)
In matrix terms, this can be restated as:
Ul = B.g " (Eq. 2.12)
where: U = the matrix of commodity imputs;
1l =ann x 1 vector whose elements are 1's;
B = the matrix of input coefficlents, termed by
Statistigs Canada the Industry Technology Matfix.
Given the composition of matrix B, any vector of inputs deter-—
nines exactly the required commodity outputs by usiné the accounting
identity, which states that total doﬁestic commodity production must
equal the sum of intermediate outputs and final demand. This can be
written in matrix form as:
q = Ul + £1 (Eq. 2.13)

where: f = an n x f matrix whose elements, denotes the

£y
final demand for the ith commodity by the jth
category of fipnal demand.

From equation 2.12, Ul = Bg, and thus:

-
q = Bg + f1
\ Also, from equation72.9, g = Dg, and thus:
gD-l = Bg + fi
This can be manipulated to:
g =(I - pB) L.pg (Eq. 2.14) =

This equation defines the linear transformation of final demand
categories into industry outputs. The expression DB in Equation Z.14
is equivalent to S%trix A in Equation 2.5, thus providing a means of

transforming a2 commodity-by-industry input—output formulation into an
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1ndustry—by—1ndd§try format. This type of trausformation was used in
preparing the input—output tables for the current research.

2.2.4 Interregional Input—Qutput Analysis

Input—output analysis at the national or single reglon level,
while fruitful in terms of aggregate analysis such as the provision of
overall Impact multipliers, is of 1limited usefulnmess at the regional
level. For example, because of the nature of interregional impacts, an
expansion of steel production; say,.in Ontario, will require increased
agricultural output. Since.Western Canada is the country's major ag-
ricultural area, some of this required increase in agricultural output

as a result of expanding steel production will originate in Western
/

- Canada. Such interregional I1mpacts cannot be addressed effectively

using national level analysis.

These types of considerations led to the development of an
interprovineial lnput—output .table by Statlstlics Canada. This table,
compiled on the basis of 1974 data, was done on a commodity-by-industry
basis, with provinces being interlirked by an interprovincial trade
flow matrix. Its structure has been described by Hoffman and Kent
(Canada, 1976a) and in the Statiétics Canada Users"Guide (Canéda,
1981, Chapter 7). -

The subject of interprovincial trade flows and their impacts on
industrial water use (Davis, 1968) 1s beyond the scope of this thesis.
The focus here is on the industrial structure and structural change in
each region by itself, and not oﬁ the inﬁerregional system as a whole.
In other words, each'reglon was treated separately, and, accordingly,
the interregional input—output work is not described here. However,

- (¥ od
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the interprovingial table did provide the source of inmput-ocutput data
and inverse matrices for each of the five regions comprising the Teglo-
nal portion of the work. Indusfry—by—industry tables were provided_for
each region by Statistics Canada, calculated by removing the effects of
imports from each regional table. In other words, the regional tables
used here account for iatraregional Pgoduction only. - These tables,
once calculated can be“considered as single region tables and treated
in the same manner as outlined earlier for the national tables.

2.2.5 The Concept of Multipliers

In neo—~classical economics, the multiplier concept is 2 common
one. In terms of the national income approach to quantifying the level
of productive activity in an economy, an increase in any of the under-
lying wvariables, ‘(consumption, investment, government export, or net
exports) will tend to increase national-income. When expenditures are
increased in any of these national income sectors, part of the 1ncrease
is re-spent by its recipient. For example, purchase of an automobile
requires that the auto industry increase 1its purchaées of raw
materials. The re;ipients of _ these increased auto industry
expenditures, likewise, wlll Jdncréase ;heir purchases. Thus, the
initial increased consumer demand will have an effect on national
lncome greater than its initial level, due to ﬁhe input Alinkage
process, assuming that the product demanded is not impofted from

outside the economy. The ratlio of total (i.e. direct plus indirect)

expenditures to the original direct expenditure is one form of economic

multipler.

In input-output terms, changes in the final demand for indus-
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trial products have direct plus indirect effects on other industries;'
thereby, the effect of firal demand increases are spread through the
entire economy. For example, income increases resulting from increased
final demand can.be traced through the economic system, and their total
income generating effects can be compéred, in the form of multipliers,
with Fhe initial direct effect. Similarly, employment multipliers can
be generated to show the total effect oﬁ.industrial empioyment of an
increase .in final demand.- The wmethods of calculating income and
.employment multipliers have been dealt with by Ri;hardson (1972, pp.
32-43), and will not be outlined here, since they do not play an integ-
ral role in the development of the thesis.

The concept of water use multipliers, however, is of more
direct interest. Lofting and McGauhéy (1963, p. 23) referred to a
water use intéractions matrix, formed by post—multiplying the inverse
matrix by a diagonalized vector of water use coeffiéients. (This study
will be described in more detail in Chapter three.) Each entry in the
water use iInteractions matrix shows the amount of water Tequired in any
industry to meet a unitary change in final demand in any other indus-
try. If the roﬁg of this matrix are totalied , the resulting set of
figures will show aggregate water rquifements on an Interindustry ba- ..
sis for the delivery of output to final consumers. These totals, when
divided by the direct water use coefficients, form a set of water use
multipliers, twhich can be interpreted as indices of the extent to which
industrial inter—dep;ndencies affect total industrial water use.
i Let it be assumed that the water use muléiplier is relatively

high. For example, Lofting and McGauhex- (1972, p. 23) showed that the
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direct freshwatef withdrawal coefficient for the chemical products
industry was some 30 acre—feet per million dollars of output, while the
direct plus indirect freshwater requirements were 1681 acre;féet,‘
maiing the water use multi;iier in excess of 56.  These figu;eélshow
that, even if water use :in-che chemical industry ;ere Teduced Ehrough
recycling, or by other means, to almost zero, %....this would only:l
reduces by about ong—fiftigth the amount of watef_ needed _oﬁ an
interindustry basis to supply cheﬁical products to final demand.™ Thus,
the total picture of freshwater use‘could be diﬁtorted substantially if
water  uses were projected using constant (direct) water use
coefficients. Also ghisl example’ shows that, for the C%lifornia
economy, the very high water use multipliers were for industries with"
strong linkgges to some segment of the agriculture, mining, and-to a
lesser extent, to electric power industries. &hus, the authors

concluded that: -

.+..the really striking shifts in water use techno—
logy may not come ...from recycling or reclaiming
methods...The largest potential shifts in technology
appear to lle in the greater use of inorganic mate-
rials or through controlled photosynthesis which
would free some industries from their ties with the
organic products of the traditiomal forms of agri—
culture. (Lofting and McGauhey, 1963, p.

2.2.6  Input-output in the Analysis of Structural Change

Earlier in the chapter, it was shown that the supply and demand
‘,\

'factors underlying structural change combined to determine both - the

equilibrium level of production and the types of products made in an

economy. In terms of the input—output . framework, these two factors are
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closely related té6 final demand. The factors Yeading to prodnctivity
«and technological changes on the onher hand, are related to the tech-

,nological coefficients o?}the input—output framework
This type of combining procedure has been used In past appli—
cations of input—output analysis to. the study of structural and tech-'
nolngical change. The model outlined below is based upon a paper by
Syed (Canada, 1978)_ who examined 1ntertemporal structural. changes in
the Canadian econon;.between 1961 and 1971.
Earlier,‘Equanion 2.5 was stated as:

-

% = (I - A)"L,

p— ) ~

For convenience, let F = (I - A)_l and thus x = F.y. To incorpo-—

Tate time into this equation, let

xt- Ft.yt .l - . i ) ; ) (Eq- 2.15)

- t = . & -
where: x = the vector of gross outputs in time t;

Ft

the inverse matrix in time t;
. N
Y

the final dennnd vector in time ¢, - o

To analyze changes in gross output resulting‘fronA'pure“ cha
in final demand, techaology, as refiected'by_ the coefficientn ofjizz
inverse, is held constant, and the actual output experience in year {
compared te -a hypothetical outpun pattern calculated using the final
demand of an earlier time neriod. Thun:

S A (Eg. 2.16)
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where: kz_t', -z d;fference vectorlquﬁntifying the 'ﬁﬁre"
effects of final demand between the initfal
" time period, z, and the final period, t. (This

length of time is noted here-as z-t.)

Similarly, to quantify the changes in output reéulting from

“pure” technology changes:

AL N R i . (Eq. 2.17)

where: mz_t = a difference vector quantifying the"pure”effects

of technolog%/jiﬁnge between periods z and t.

e
~

. The combined effects can be written as:

x> T ‘m Ft-yt- Fz.yz L SEE (Eq. 2.18)

s m
P

This type of dethodology will be used as the basis of the frame-
work to analyzeé .industrial water use in the contexﬁ of structural
change, as will be outlined im €hapter 5. Before this framework is

outlined, however, it is first necessary to examine the major

approaches which have been taken in analyzing.of industrial water use.

E |

-
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< CHAPTER III

A REVIEW OF INDUSTRIAL WATER USE STUDIES

g . . . -
i ‘ -

In conducting’ this study, several approaches were possible for

analyzing the industrial water use component. These different approa-

t

ches are reviewed in this chapter to assess thelr usefulness for the

present research. Specifically addressed are (l)_the ways in which the .

issue of industrial structure is dealt with in the various approaches
reviewed (2) the application oﬁ\ioch approach to the national and re-
glonal scales of study, and (3) the ways in which inputcoutput techni—

ques have been used 'in industrial water use analyses., .The chapter

begins with a discussion of the basic industrial water use concepts

-

used in the thesis

s . . ) ity
. . —— -

-
LEEpRS
o

3.1 BASIC CONCEPTS OF INDUSTRIAL WATER USE

In- examining the ‘use of water by industry, a distinction 1s
commonly drawn between the terms “water use” cand Twater demand”.
i - ' o e '
"Hacg; demand” is a term used in situations in which a relationship has

been drawn between the quantity of water used and the price .paid to

Y

supply this use. “Water use”, on the” other hand, is a more general

term, used in situations where there is no price implication on the use

-0of water. Because this research concentrates on issues other than

o

44 _ o .
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water pricing and supply:demand equilibria the more general term "water
use” 1s used throughout most of this thesis. Nevertheless, in the
fnterests of completeness, literature on both water use and water
X / . ~

P , .
demand will be reviewed.

In collecting data and conducting research on industrial water
use, the fbllowing concepts have beem used, based upon Bower's (1966,
1968) description of a typical plant _:ater circulation system. A éiﬁp*

1ified industrial water systen i{s shown in Figure'3.1. Water 1s taken

Figure 3.1 A Generallzed Diagram of an Industrial
Plant Water Use System

% Water
onsumption
1{'
. af -
Water Intake Gross Water Use Water Effluent
3
L
X Water
Recirculation

Source: Canada (1971). p. 25.
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into the plant by way of some type of intake system composed of pipes,
pumps and intake treatmént. The amount of water taken in for first
time use is termed “water intake”, or simply “intake.” To produce éhe
product, some total améunt of v;ter is used;‘ghia_amount is referred to
as "gross water usé". The arithmetic difference between water intake

e

and grbss water use 1s made up by “water recigculation'. All ﬁlants in
their use of water are considered as having water intake and gros;
water use components; not all recirculate water. Many relatively small
users or large users located adjacent to lqgge water bodies may emplo¥y
“once through”™ water systems, in which water is taken into the plant,
used and discharged, with no recircuf&tion at all.

The ratio of gross water use to water intake is called the “use
rate” and is an index of water recirculation in the plant. The ;inimum
value of the usce rate is i.O {for the once through s&stems); the ratio
increases as moré and more water Ils recirculated,:and may reach values

")

of 15 or higher. To quantify the amount of water reEi;culated,
industrial firms were asked to estimate the amount of watér which would
have been required in their operations had there been wno recirculating
system; this amount is the gfoés water used at the plant. From this
P
amount is deducted the amount of water intake, the residual being taken
as the amount of rec¢irculation.
On the discharge side of a typical plant water circulation BYS—
tem three components are apparent. “Water discharge” is the amount of

water put back into receiving waters after use, and, 41in many cases,

subsequent to some form Qf waste treatment., The arithmetic difference

—
i

between water intake and water discharge i1s termed “water comsumption”.
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The third discharge component of the system is composed ofrvater re-
circulation, discussed in the previous paragraph. The r;tio of water
consumed:water intake 3is called the "consumption rate” and varies in

-

value between 0 and 1. _ . -

In making comparisons of water use with avallable water sup-
plies, both intake (Canada, 1972) and consumption (Wolman and Bonem,
19715 have been used. Neither measure is completely satisfactory.
Water intake denotes the total instantaneous withdraw;l from an ambient
water source by a given set of industries. Most or all of this water
is retu;ﬁed to the watercourse from which it was withdrawn, and there-
fore does not conmstitute a “loss™ to thé Tegional water supply. Other
types df environmental "losses” which may occur as the result of indus-
trial use, such as water quality degradations, are acknowledged but
bt addressed in this thesis. "

Water comsumption, in contrast, is a measure of water apparent-
1y lost dpr;ng a plant's operation, a?‘c:ov.-u;fl.sr:.’mg o% components such as
evhp6r;t;ve losses, water incorporated into products,.wastes removed
fédm the plant site to landfill sites, and other such losses. The con-

cept of water consumption thus measures the water loss at a ‘particular

location. But this concept does not necessarily indicate losses to the

~

~.

water resource system as a whole, even in the local area. Evaporative
losses may fali locally ;s precipitation; products which incorpora;e.
part of plant water intake may be used in‘thé local area, with the
water re—entering the watercourse near tﬁe plant; watér in wastes de- -
posited in local landfill sites will eventuall} Te—enter the local

water system. Thus, water consumption may not be a true indicator of
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water loss to the local or regional water supplies. As used here, the

concept of water consumption is relative to the industrial operation

itself and not to the concept of the hydrologic cycle.

-

. 3.2  APPROACHES TO THE STUDY OF INDUSTRIAL WATER USE

3.2.1 The Coefficlents Approach

The coefficlents appro to Industrial water use analysis is
based upon selection of a varia:;z‘:;;:h is ciosely assoclated with the
use of water; examples of such variables used in the past are physical
output, output value, value added and employment. The amount of water
used (i.e. 1intake, recirculation, etc.) per unit of.the selected vari-

able forms the water use coefficient. The variable is then forecasted

: 7 .
independently. Finally, the water use coefficient is multiplied by the

forecast of the assoclated variable to produce the forecast of water

use.

There have been many variations on this simplest form of the

coefficilents approach. Ome variation uses time as the explanatory va-—

»

riable. This form of forecasting is simply an extrapolateon into the

future of past trends. A second variation recognizes that, within a

%
given industry,.water use will vary depernding upon product mix. The
. .

plant output is divided into typet of output, and separate coefficients
qré calculated for each output type. ‘Then'the.gutpue mix is projectéd;.
the fprecasted.levels_of each iype of outpuﬁ are multiplied by the cor-—
responding‘water use coefficient, and £inally the resulting levéls of,

output are summed to give the forecasted level of water use for the
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plant as a whole. A third variation associates water use coefficlents

with different ;ypes of production technology. For example, within an

iron and mill, crude steél can bé produced in open hearth, basic oxygen
or electric arc furnaées. The amount of water used to produce steel
varies substantially, depending upon the type of technology in use

(Canada, 1971). Coefficient-based forecasts using this variation deve~

lop coefficients‘ of water use for each particular technologi, and then

use a procedure similar to the second variation outlined above. ' Addi-
tional variations are clearly possible using combinations of the
methods outlined above.

) The advantages of this group of approaches lie in the ease.with
which the.datarcan bé assembled for calculating the coefficients, and
the relatively low cost of making the water use';;ojections as compared
to other methods to be dealt with below. However, there are several
problems with the coefficients approach. First, only one variablé,
usually related to_production. levels, is assumed td determine water
use, with other effects "loading onto” this ome variable. Second, the

-papproach is not based on any ‘theoretical principles; rather it rests
upon an.observed relatioﬁship which is assumed to continue into the
future.“ﬁihere is, in other words, no theoretical basis on which to
argue that ' the assumed coefficlent relationships, condtant or
otherwfse, will persist into the fﬁture. Third, water supply is assu-—
med t; £e infinite, and the price of-water to be zero. Yet, as many
economic studies, a few - of which-will be outlined later in the chap-

ter, have shown, water use may exhibit some of the characteristics of

aa economic good in the sense that the quantity demanded falls as price
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riges. Thus; the coefficients approach makes assunptions which are at
variance with the results of recent research, and may lead to overesti~
mates of future water use. Fourth, no mechanism exists under the coef-
ficilents approach to pioduge an equilibrium level between water supply
and demand. Finally, the coefficients approach takes uno account of
interindustry relationships and industrial structure. As shown in
Chapter two, these interindustry linkages, or multipler;, may be lmpor-—
tant components of & water use anmalysis. ’

The coefficlents approach is the simplest one available for
industrial water use studies. When used alone, this approach‘may pro—
duce large uncontrollable errors. Further, no structurai relationsh;ps
are built into the approach. However, in studies where-a 1argé nuﬁber
of piants are being considered, the coefficients approach can befuse-

ful if augmented by other means to overcome its defficlencies. Firnally,

the approach can be used at all spatial scales, from local to natfonal.

3.2.2 The Regression Approach

An extension of the coefficients approach is based upon the use
of regression analysis. In this approach, not just one but several

independent variables are used to "explain™ the level of industrial °

water use. A water use relationship is hypothesized to exist between a

-

measure of water use {(e.g. water intake) and ome or more independent
variables, such-as plant agé, level og_recirculatfon, operating rate of
the plant, cost of water to the élant, and others. Data are then col-
lected on the hypothesized relé%ionships,band the relationships tested .

using least squares regression techniques.
3
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i Many of the same criticisms apply to the regression as to the
coefficlents approach, but some improvements are noteworthy. Although
regression relationships are not necessarily based on theory, the pro-
cess of'hypo:hesis formulation and tes;ing is a movement toward theory
formation. In her research on industrial ;ater use in Southeast Eng—
land, Rees (1969), for example, found that the levels of employment and
raw material input were highly correlated.;ith water use 1n virtually
all of the industries studied. Further, she concluded that these vari-
ables were considerably more important in explaining the Ilevels of in-
dustrial water use than the effect of water price to the plant (Rees,
1969, p. 74), at least in the short rum.

The regression approach is a ma;Eed improvement on the coeffi-
clents approach because the ;ultivariate nature of industrial w;ter use
can be taken into account. Data requirements are larger than those.
required to calculate coefficieuts; but these requirements are not in-
surmountable, and regression £échniques can be used at all spatial
scales. . However, it is diffieult to lnclude considerations of Indus-
trial structure in the regression approach, because regression models
are most frequently bullt for single industrial sectors. In other
Qords, an effort is made to understand the variables affecting one ind-
ustrial sector in isolation from the others. Other approaches gﬁould
be explored to find a more suitable means of incorporating considera-

- tions of industrial structure into the study of industrial water use.
L

3.2.3 The Demand Management Approach

Despite frequent assertions made that water 1s "vital to life”

and that "water is different from other resources”, resource economists

~
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. and others (among them sgveral geogrgphers) have found well-behaved
reia;ionships ‘between the quantity of water demanded and its price
(Howe, 1979, pp. 311-315). Reference; to price throughout this section
refer to the price of water faced by private firms, not to the broader
concept of 'social pr}ce or social cost of lndustrial water use.
. Studies of residential water use (Howe and Linaweaver, 1967; Lee, 1969;
Grima, 1972), industrial water use (Calloway et al. 1974; Thompson and
Young, 1974) and agricultural water use (Heady, 1974) ave all
documented this price—quantity relationship. Bower (1968, p. 89) listed
the price of water as one of the important determinants of industrial
water use.

In his study of water use 1in the New Jersey -petrochemicai
industry, de Rooy analyzed the effect of price on water use, basing his

work on the theory of derived demand. He stated:

Since water is employed in the production of
goods, its cost is covered by the revenue derived
from the sale of these finished products. The
demand for water is then the demand for an input or
factor of production.{de Rooy, 1970, p. 34)

Following a thorough exposition of the theory of derived
demand, he built an ecomdmetric model to analyze the effect of several
variables, among them water price at the plants under study, on the
amounts of water used in the industry under study. Finding no competi-
tively determined price for water, de Rooy chose as a proxy the gverage
cost of water at each plant site. Average water cost included both

capital and operating costs for water intake facilities (including in-

take treatment), water acquisition costs, the costs of recycling water
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and waste treatment and discharge costs. The research demonstrated

that price, as defiiéd in the dtudy, was a significant variable in de-
ternining the level of water intake in the set of plants under study.
In his last chapter, de Rooy maintained that the pricing relationship
was importa§; in tﬁé forecasting of water use.
Whittington (1978, ﬁé. 19-22) reviewed the economic approach to

water demand forecasting, stating that:

Economic theory offers a simple behavioral model to
explain industrial water use in competitive free
market economlies. For.a given technology the guan-—
tity of water demanded by an industry is assumed to
be a function of the price of water, the price of
other inputs and the 7evel of industrial output.
The supply of water is assumed to be a function of
the price of water and various institutional
factors. In equilibrium we assume that the supply
- of water equals the demand for water. In this
simple model, the quantity of water used is deter—

mined just as any other factor inmput.
¢

-

According to Ehis line of reasoning, as the price of water

Tises the quantity used will fall. Two effects occur during the pro-

cess of adjustment. First, an "output effect” will be felt as the in-
creased price of water raises product price, thereby lowering its
demand. Second, a "substitu ffect™ occurs as the water user tends

to substitute other imputs for the now more expensiveAwatgr factor. An
example of this substitution effect would tend. to océur if, given a

Tise 1in the price of ne--a.r ‘water%ake, water recirculation equipment
were to ge installed in the plant. By this process of suSstituting

capital costs for ipput acquisition costs, the plant would be making a

technological change resulting in more efficlent water use.

Bl
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In work conducted for the U.S5. National Water Commission,
Russell(1971) examined the use of water in the petroleum refining indu-
-

8try. Some of his results are summarized as follows:

a. the intakes of petroleum refineries are price
sensitive, and may be reduced up to 95% by a water
intake charge of two cents per 1,000 gallons;
b. discharges of biochemical oxygen demand {BOD)
materials are sensitive to effluent charges, with
charges of two cents per pound of BOD emitted produ-
cing an estimated fifty to sixty-five percent reduc-
tion in BOD emissions, depending on plant age;
c. the costs of reducing waste discharge are
approximately similar to the costs of developing
sufficient additional flow to dilute the. waste
stream (to meet ambient water quality standards; and
. the costs of reducing BOD discharges would raise
gasoline price at the pump by about one-fiftieth of
a cent per gallon.

These findfhgs' demdnstrate, at least in petroleunm refining,

that industrial water use is econémic in nature by meaﬁs of being Yes-
ponsive to price. The major implication is that management of demands
through .use of pricing principles may present a less expensive.means of
overcoming supply deficiencies than developing new supplies.

-?There is litrtle doubt that many aspects of industrial, munici-
pal and other water uses show conventional economic response to price
rises, and that water Pricing should be investigated in studies which
are intended to result in allocative decigions. Nevertheless, the‘ecﬁ-

nonic approach is not without criticiém, both theoretical and practi-
-4 ' .

cal.
On the theoretical- front, since there is no mar¥et for water,
. -

not only in Capada but also in most of the rest of the world, there can

be no competitively determined Price for water. As indicated above, de

")
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RooyTused average water cost as a proxy for price. The difficulty here
is that average cost of water depends partially upon the gquantity of
water taken into the plant. Thus, in & regression relationship, the

’_;mount of water intake, the subject of enquiry, is built into both

sides of the regression equation. Whittington (1978, p. 32) mentioned
) ~ '

this problem in his review of industrial water demand forecasting, sta-

ting: )

= s

To the extent that there are significant economies
of scale in the use of water, (the use of average
instead of marginal costs) will result in the esti-
mated price elasticities of demand for water belng
biased upwards.

Cn the more practical sidé of the issue, the problem of data_

availablility is a particularly severe one. In contrast to the collec-

-

tion of data ou water -use, where mailed questionnaires have proven

quite successful, collection of &ost information, apart possibly from

water billing data, vrequires plant site visits and detailed cost
~accounting procedures. The average cost ;pproach reqsires some
~allowance for capital costs, pbsing difficulties in making comnsistent
the different approaches to dgpreciation calculations. While theore-
tically, of course, these problens can be overcome, realistically the
effort involved io doing so would be high. For these reasons, reliable
cost estimates forlwa:er at industrial‘plants are nonexistent on a

bl

broad basis.

From a water management policy viewpoint, there are also dif-

ficult questions involved with the economic approach. First, in a re-

- B

iatively water rich country like Canada, it is difficult to conxey the

N
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view that water should be allocated to the highest valued uses by e
rploying a4 marginal cost pricing approach. The traditional answer to
supply prob}ems bas been to develop new sources, literally a "new pipes
in the ground” approach. This approach to water management is comﬁonly
called the “supply managenment” approach. Second, and somewhat paradox-

icall& in view of the importance of market mechanisms in Western socie-

[

. L-]
ties, public policy in many areas including water resources have been
bilased toward regulation and away from the use of market-type

, Bolutions.Schultze (1977) exemplified. these regulatory policies when he

stated: ' .

It 1is 1indeed 4ironic that a society- whose citizens
absorb the praises of the market's libertarian and
economic virtues with their mother's milk, and an
econonics profession which cut its teeth on demons-
trating how a decentralized incentive system can
produce soclally desirable outcomes, should give
such short shrift to the same concepts when it comes
to forging the tools for collective action.

-Wichout making any assessments as to the applicability of eco-
nomic instruments for environmental control, the fact remains tha:
Canada has not relied ;ny more upon economic Ilnstruments than has the
U.S5. An additional point to be made %n assessing the practicality of
policy 1nitiatives based upon the ecbnomic-aspects of industrial water
use 1s brought out if water is considered as only one part of the pro—
duction system of fpciety. In other words, instead of focussing on the
water resource‘ ﬁﬁdustrial production might ?e viewed as‘a system. In

»

such a system, cheap water might be offered t} promote industrial loca-

tion, with the costs to soclety  of such a policy'being Tecouped in the
. >

- »
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form or employment _corporate income' taxes and the like. Thus, -a
trade—off occurs between}socially sub—optimal resource use and economic
'gains rhrough other ﬁarts of the system. - It is‘suggested that this
type of trade—off is comqgniy made, and that it ‘may provide_one expla-
nation for therfailure to.use marginel cost -pricing of water resources
on a more widespread basis.

The  demand Jnanagement epprqech is used to analyze the
trade-qffs between water .uses, and  to uwminimize the social costs of
.bringing water‘supply and demand into equilibrium. The approach can be
used regienallx; althodgﬁ at considerable cost and with some uncertain-
ty as~to.success. The approach is -only 5eripherally !related to the
study of industrial srrncrnre.‘ -Accordingly, it has not been used in
this study.. |

. -~
3.2.4 The Process Modelling Approach

Statistical studies such as those carried out by Rees (1969),

-

de Rooy (1970) and others treat the water use system of a plant Eeﬁe\

black box . The models deal with how * much water is used, but not how

and why it is used. The process modelling approach attempts to‘analyze

the purpose of water use, thé responses of water use to process change,

and how the‘parrerns of im-plant use can‘be changed. Two types of study

exemplify this approech: process enéineering and linear prbgramming.
Studies by.Cootner and Ebf (1965), Eﬁf and Kneese (1968) and
Bower, iof and ﬂearon (1971).are‘ examples of.the process engineering
approach. Water use is conceptualized as a response to technologlcal
options in use at individual plares. ' The inirial efforts, therefore,

3 -\

.are aimed at idenrifying technﬁig§ita1 options for cha%ging existing
~ P

N
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water use patterns- and the.coéﬁs of theée options. Second, a determi-
nation_is made about whether the saviﬁgs due, f;r eianple, ;5 reducing
wnterlintake;follcwing a price rise,'aré'-aufficient go Justify making
such reductiong. The decision making rule is to lower thf water intake
if savings exceed costs. A demand curve for water can F;; synthesized
Py examining the least cost method of-ééoduction associated with 9eve-_
ral different levels of water price and Fhe quantities of water Intake
implied by each of these least coét' mgthodé. The_;ﬂird stage of the
process engineering‘apéroach ‘broadens the scq;e of the study by exaﬁi-
ning the int;ractions between water and other input, such as energy,
process teéhnologies and product specifications.” The gu;;er of‘aiter—
natives and soiutions quickly becomes very large ‘as the number of
factors considered in the relationship grows. .

The linear, frogramming approach was de@aiopéd by Russell
(1973; see also Russell and Vaughn, 1976) as a method of systematizing

the process engineering approach and also to investigate the economic

-aspects of Industrial water use’. The linear programming approach

., N #
establishes an objective function to be maximized (e.g. profits) sub-

ject to a number of, resource constraints, such as labour availability,
capital availability, and the availability of various raw materials,
one of which is water. The solution of this "primal”™ problem will show

the optimal paEtern of resource use required to maximiz® the objectives

the production process 1s implicit in the profit maximization proflen.
- - b . .

In the dual forfiulation of this- problem, however, the gﬁct

1 ;
values become explicit as a set of shadow prices calculat%d

7
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dual 1s soléed. In this case, the dusl is a cost minimization pro-
blem, with lgongtraints which require that f...The-value of resbugces
used in the production of a unit of qutpgf_be greater than or equal to
the net profit per unit of output.” (Whittingﬁon, 1978, P &l); The
input factor shadow prices show the value in real terms if one additio;

nal unit of the resource becomes available; alternatively it shows the
_ 3 ‘
opportunlity cost if the marginal unit of the resource is unavailable.

Whittington (1978, p. 41) stated that: | v

-

For each amount of water, there 1is a correspondin
solution of the dual problem for the shadow price of
water. By systematically, or “parametrically” var-
yilng the amount of water available and then solving -
the dual problem for the associated shadow price of
water, (it is possible to) trace out a demand curve
for water, l.e. a relationship between the quantity

. of water and 1its marginal benefit to the industrial
facility. ‘

S

S

A.number of cautions about Using this approach have been given
) -

by Whittington in his review of the method. These relate to the hand-
ling of capital costs, the difficulty of app%yiug the model to estab-.
lilshed plants and the fact that the model produces normative solutions
which may?not apply to actual sltuations. From' the viewpoint of the
present research the difficulty with the process modglling approach is
mucﬁ less esoteric, namely the very high .level of effort required to
produce a process model of even ome plant. Each plant has to be exa-
mined in detail individually, thus making the approach an expensive one
to implgment at the regional ie§gl. In addition to the cost of the
approach, which is‘but.one conside::tion in research design, the plant

specificity of process modelling makes it difficult to deal with struc—
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tural change on a large area basis because each plant must be dealt

with individually. - . o=t

3.2.5  The Input—OuE}ut Approach.

As 1n - other fields of economic and spatial analysis,
iuput—outpht mefhoss have proven-useful in water use and demand inves—
tigations.. Thls section presents a ré#iew of studies representative o£
applicatisns of ilmput—output techniques to analyses of_ipdustrial water

use.

The Lofting-McGauhey Study: One of the earliest water use stu-—

dies based upon ilnput—output analysis was that by Lofting and McGauhey
(1963) for the California economy. As part of a larger state—sponsored

study entitled “"Economic Evaluation of Water”, deveral objectives were
~

set by the authors: (a) to .develop a general inmsight into the major

*~

water—using sectors of the state economy énd the water use interdepen-
dencles of these industries; (b) to develop a solid-base. for future
studies OCOncerning the technological and structural interdepenﬁéncies
of wat;r use; {(c) to foreca;t the levels of expected water use as a
basis for state—wide water development programming; and (@) to esta-=
blish some basic economic parameters (e.g. income and water use multi-
pliers, éhadoskprices for water) as the basis of evaluatiwve studies.

In satisfying these objectives, Lofting and McGauhey used both an

_ ] ; R
iuput;output and a-linear programming approach (Lofting and ﬂcGaLhey,
1968) thch{ as shown, for'example,, by Dorfmag, Samuelsoﬁ and Solow
(1958, pp. 2Q4-229), are very. closely related. Only the former §ork
P ’ 4

'l

is reviewed here. p:

o |

\

e
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.The Lofting-McGauhey approach ﬁﬁed a state—wide input-output
table, which was both static in nature, and based on 1947 data, somel16-

years prior to the 1963 publication date of the research. In this re-

gard, the authors stated that, “Although the table is based on 1947
data, it is felt that the structural relationships.still give a reason-

_ably good description of the current relationships.” They cited as evi-

dence of this assumed stabllity research findings by Leontieff and
Hoffenberg (1961). . |

For the purposes of the research, the 57-séctor table published
for the state was aggregated to 31 sectors, based upon:the availaﬁ*}i;y

of water use data., A matrix of technical coefficients was calculated,
-

following which the inverse was found. Waﬁex use coefficients for to-

tal intake, freshwater intake and gross water use for each of the 31

-,

industries were derived from secondary sources. Each set of coeffi-
clents was then used to form a 3l-order squargf matrii 1ﬁ which the
coefficients formed the principal diagomal, ;nd all other.glements ;ere
zero. The inverse Qas then poét-multiplied by each of the water use

mat;ices in tﬁrn‘ to produce what the authors termed three “water use
- . _q)
inberactions matrices. ' These matrices showed the direct plus in-

._ -

direct water requirements per unit of output in each industry.

g ' The Davis Study. Davis' (1968) study formed part of thé/;:::q\\

California series as that of Lofting and McGauhey. The basic logic

employed in the studygwas also similar to that _deécribed in the
previous sub-section:- The inngvation made by Davis was to develop a
multiregional approach to examining water use in the Western states of

the U.S. One of the basic questions faced related to the 1ncre£§é in

-

-

.

<t
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the water requirements of each state-reglon resulting from an Increase

in final demand in any one state.

-

Much of Davié' work concentrated on preparing a luléirggional
- input—output table for nine individual states plus one four—state éom—
posite. Thus all thirfeen of the Western U.S. states were included in
the analysis. In addition to the input—output tablef itself, Davis‘:lso
constructed an interregional trade fl;w matrix tol link the 1ndividu;l'
states together. The Leontieff-Strout gravit del metheod
(Ri?hardson, 1972, pp. 70-75) provided the basis for this work. The
detailed descriptions provided by Davis oﬂ; this complex undertaking
{1968, PPy 92-120) inéicate the degree of effort required in inter-
regiénal input-output studies.

With the basic model developed, the author formulated Inter-

[ 3

regional water use interactions matrices and multipliers to gquantify
‘ * .

the: éffect of final demand increases in one of the states on the water

uses of all the other states Iin-the system. Aléo,whe developed a -
_ i . .

basic forecasting application similar to that.used in the

Lofting-McGauhey study. Again, water use coefficient constancy was -

used in this model.

The Vﬁctor'Study: Victor's (1972) study constituted an attempt
td integrate environmental and ecological considerations .into an econo—
mic framework. Such work 1s important in terms of environmental
. ‘
?ahagement-becéuse there was at the time .and _continuesgto'ﬁe a need to
'place economic valuafions on the use of environmegtal resoufces, many ../

of which are unpriced. This point is closely related to'ﬁoints made

" earlier in discussing water priciné.' The study by Victor was built

AN
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upon earlier ones by Ayres and Kneese (1969), Cumberland (1966), Daly
(1968), Isard (19q9) and Leontieff (1970). Victor (1972,,_Hp 23), how-
\ever, in developing a workable system for integrating economic and en-
vironmental flows, was ab}e to claim that his was “....the first stu&y
in which comprehensivé estiﬁates of material flows (were) usedqﬁé.ex—

tend Ilnput-output analysis in order to quantify some of the more ob-

vious links between the economy and the enviromment of a country.” Al-

though this étudy was not a water use study in the first instance, it

was valuable in establishing a methodology for linking the economy and

—

the environment.

In view of hig discussion of commodity—-by-indust input-output
tables, which was referred to at length in . Chap er.t » /Victor emplo~
yed a 40% 16 commodity-by-industry input-output table for the 1961
Canadian ecomomy. This. table was developed by Statistics Canada
(Canada, 1969) as an early output of its structural analysié program.

Ricﬁardson (1972, p. 225) identified two advantages of the commodity~

by—industry approach-for ecological analysis:

-...(Advantages are) the fact that all production
involves wastes so that each industry is characteri-
sed by joint products; and that each counmodity does
not have to be measured in the same units so that
the economic data in the model can be e§pressed in
monetary units whereas the ecological data can be
E%Pressed‘in terms of weight. ’

{ tabular format .adopted by Victor 1s contained in his book
on qhe study (Vietor, 1972, p.{SQP and 1is reproduced by Richardson

(1972, p. 226). The framework has two wmajor divisions, a conventional
- o
commodity-by-industzy lnput-outputr table and a- new ecologlc sector,

-



with space for water—, air~ and land~based flows. ‘It contains seven-—
’
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teen matrices and vectors and ome scalar. In addition to the standard
input—output accounting identitles, Victor also developed physical
idﬁntities to inc;rporate the flows of ecologic Tesources; tpese,
identities were based upon the‘law of c;nservatioﬂ of ﬁass, which
implies thﬁt, assuming no'capital éccumulation, the flows of material
in;o a system nmust equal the flg;s out eof the system. ._This materlals
balance approach was similar to that used by Ayreg and Kneese (1969).
Having developed the model, Victor examined in detail a number
of applications using Canadian data then available. These applications
included: (a) the interinduétry flows of waterborne waste; (b) a series
of ecologic impact tables (similar to the water use interaction matri-
ces of the Lofting—McGauhey and Davis studies; (c) development of a set
of shadow prices to indicate the ecologic costs of producing each eceo-
nomic commodity; and (d) a linear programming version to examine the
ecologic value expected by curtalling motor car usage by 50X. The re-
sults of these applications will not be outli;ed here, as they ére not

relevant to the present study.

The Earmme Study: In contrast to the studies reviewed above,

research By\ngmme (1979) applied input-outﬁut methods to the problem

of river basin water balances. The aims of the study were: (a) to de- -

velop an input-output table for the Alberta portion of the North Sas-

katchewan River Basin' .of Western Canada; (b) to formulate ‘income,

employment and water use multipliers for the study area based on the -

table; (c) to use the téblg'pd forecast water use to 1980 and 1985; and

~ - - H R . -
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(d) to determine whether the projected water uses would exceed the
avallable water supplies in the basin.

On the basis of the 1966 provincial input—output table and 1972
economic statistics for the study area, a commodity-by—industry input-
output tab}e was constructed for 1972. VaF;r use statistics were de-
rived from a recently-completed provincial watéf use survey. These
coefficients were used in exactly the same manner as that developed by
Lofting énd-McGauhey, as outlined above. The desired multip}iers and
forecasts were calcu;ated, and the forecasts used to c;mpute future
water balances. It was found, using thfee different development s¢ena-
rios, that the projected levels of watef usage were no threat to the
basin's current water supplies.

The Earmme study was intere;ting in 1its achievement of a river
basin input-output table, although this had been accomplished 1in fhe
early 1970s in the Okanagan River Basin Study (Canada-British ColumSia
Okanagan River é:EIn Consultative Committee, 1973). The study was also
important in determining water balances in what some studies-(Canada,
1972b; Foster and Sewell, 1981) have designated as a basin where water
uses are threatening to outstrip available supplies.

The 1npu:;outgut‘approach to Industrial water use énalyéis
uses coefficients to convert producéion data to water use data. It is
thus subject to the same limitations as the éoefficien:s approach. in
contrast to the létter, however, the input-output approach incorporaﬁes
the_industriai sfructur;-of the .spatial unit being analyzed. Iu.g re-—

gional context, water use coefficients generalize the quantitative

nature of water use 1n fafrly broad groupings of industry. These gene-

-~



ralized'coefficients are accurate sumsaries of the water usage of the

Tregion.

"3.2.6 Summary of the Approaches to Analyzing Industrial Water

Use

The five approaches outlined in éie chapter for ;nalyzing in-
dustrial water use are compared in Table 3.{ with respect to their ;pa-
tial and structural suitabllity for tﬁis‘study. "It 18 clear that the
input—output approach is the only one which both is suitable for regio-
nai\énalysis and irncorporates cgasiderations of industriel structure
and structural change. Acqordingl;, it is the approach upon which this
study is based. The framework developed iIn the following chapter is
based upoﬁ augnmenting the structural change model described at the end

of Chapter two to include considerations of industrial water use.

“
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-

Comparison of Approaches to-the'Study

-~

AERroach

Coefficients
Regression
Demand

Management

Process
Modelling

Input-output

of Industrial Water Use

Spatial Applicability Structural Applicability

Can be used at any
spatial scale.

Can be used at any
spatial scale.

Not appropriate for
studies of large areas
with many Iindustries
because of large data
collection costs.

Not appropriate for
studles of large areas
with many industries
because of large data
collection costs.

Appropriate at the
regional and national

levels when combined

with the coefficients
approach.

‘.,-*\,._ |

" No consideration of

industrial structure.

No consideration of .
industrial structure.

No consideration of
industrial structure.

No consideration of
industrial structure.
Plants dealt with
individually.

Industrial structure
incorporated into
input—output tables.

s -J-l
.l
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CHAPTER IV o {

FORMULATION OF THE CONCEPTUAL FRAMEWORK
. This chapter draws éogether the concepts outlined in Chapters
two .and .three to form the framework for analyzing industriai water use
in the context of Etructural change. In the structural. change model
outlined at the end of Chapter two, demand and supply factors were sub-

sumed under the final demand concept of imput -—output analysis.s The

technical coefficients and, accordingly, the‘ inverse matrix of°

I

>

;nﬁut-output were shown to capture the effects of the productivitj an&\\k

. technological components of structural change. (Throughout the remaln-
. ‘der of this thgs;s; the combined effects of productivity change and
technological chapge willzbe referred to as the “production teg?nology"
" facfor.) Iﬁ this sectlon the structural chénge model 1z augmented to
include considerations of industrigl';éter use through the incorpora-
tion,of‘water use coefficiepté.u_This- framework can then be used to
exanine the role played'by each factor in changing industrial water
use-

This augmensed framework'can be used at soth national and re-

gional levels. The analysis at the national level will indicate the

overall effect of the various factors in changing industrial water use: '

The analysis is extended to the regional level to determime whether

68
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there is any spatial variation in the effects of the factpis across the
country. |

The approach developed heré 1s an innovative one in the apal-
ysis of industrial vater use over time, and is useful for three ‘Tea-
sons. First, it will identify a set of structurally-related.factors
which underlie changes in industpial water use. Second, and related,
it will quantify some of the overall influences of trends in production
technology on water use. This type of information is.not readily
available at the present time. Finally; the resulting framework has
valuable applica%idns in the area of water use forecasting, as will be

suggested in the final chapter of this thesis. \‘*-\\
e .

§
4.1 THE FRAMEWORK

q

Thedxramework can be described most convenlently in mathematri-
.
cal terms. It 1S assumed that the conversion of the national

commodity-by- industry input-output tables to an interindustry format

has been accomplished and that inverse matrices have been calculated.

Let F;; Fz, yt and yz be as defined in Chapter 3. Then, from

Equation 2.17.

2“7t - Ft.yt —'Fz.yz (Eq. 4.1)

=
4.1.1  Incorporating Water Use Factors

~ Water use can be added to this fram{work-by inserting a diagona-

-

lized vector of water use coefficients, in a wmanner following Lofting

. an%ifjﬁjjpey (1963, pp. 28-29).
. - ) L <

of



e

N B X

t

ke - - :
&f Let: M = a diagounal matrix of water use coefficfents 1a

the final time period for any water use para-’

neter.

M° = a diagonal matrix of.uater ugse coefficients in

-

- the initial time period for any water use para-

hmeter.

w4

The (column) vector of total water uses for any water use para-

-

meter (w") in time t is:
i
o0 ot
N v =F .M.y
‘ .
!
VU
N
A column vector of changes in total water

periods z and t (nz_t) can?be defined as:

n¥7t = pPMtyT - FRME.yR

-

(Eq. 4.2)—

u;:\‘gé;weenftime

(Eq. 4.3)

This vector has built into it-changes in final demand, change;

An technical coefficients and changes in water use patterns. In-this )

context, the water use coefficients are considered as a third structu-

-

ral change related factor.
.

The water use coefficients reflect the use of wate$/;s a factor.$

A

of production, and_theoretically,the cost of water is.part of an indus-

try's production function. This means that the amoﬁn; of‘ﬁate: uséé?in

an industrial operation, converted to dolla; : terms, is included in the

input-output table, in the technical coefficients and in the coeffi-

Lo >
gients of the inverse matrix. In theory, then, to include a specific

Y
.
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reference to watefrin the proposézﬁ;;;;I:EZght be cfiticized for double
counting. -

The cost of water in Canada 18 very small in proportion to
‘total industrial output. For example, in 1976, a federal government
study found that the ten largest water using SIC groups paid a total of
32.4 million dollars for water intake acquisition, treatmeat and waste
water treatment. This amounted to 0.06Z of the total output value of
these ten groups. Even were the water-related cost to be low by a fac-—
tor of ten, it would still comstitute a very small proportion of total
output. Thus, it is argued that the effect of water-related costs on
the figures recorded in the Iinput—output tables and in the assoclated
inverse matrices is ve?y small, ' and that, at most, an insignificant
amount of overlap occurs by using the water use coefficients in con-
junction with the inverse matrices.

4.1.2 Partitioning the Total Changes in Water Use into

Structural Change Components

Having integrated water use considerations into the Input—ouput
framework, the remaining task is to formulate the method for apportio-
ning the total interperlod change in water use to the three components
suggested to underlie these changes, namely changes in final demand,
changes in the coefficlents of thezinverse and changes in the water use

coefficients. The three components of change can be quantified as fol-

lows:

pt = pEmtyt - PR . (Eq. 4.4)



z=-t

z—t
where: s

Thus:

z=t

72
7 g'diffetence vector denoting changes in total
vater use for any water use parameter betweed time
periods ;ygpd t due to "pure” changes in water use
coefficients. A subscipt 1 used in conjunction
with this vector fefers to the ipdustry i cémpo-

nent of the vector.

= eyt - PPy (Eq. 4.5)

- a‘difference vector denoting changes in total
water use for any water use parameter between
time periods z and ¢ due to "pure” changes in
final demand. A‘subscript i used in conjunction

with this vector refers to the industry 1 compo-

nect of the vector.

= FE.MB.yt - FRof P (Eq. 4.6)

= a difference‘vector ;:::?Eng changes in total
water use for any water use parameter between time
periods z and t due to "purg" changes in produc-
tion technology. 4 subsdigg;.i used in conjunc-

tion with this vector refers to the industry 1
L3

component of this vector.

”

- pz—t + rz*t + SZ"t (Eq. 4.7)
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Equation 4.7 repreaenté the partitioning of total interperiod
changes in water use into ‘tﬁe three components of the framework,
changes in water use cbefficients, changes in final demand.and changes

in production technology.

4.1.3 Relative Importance of the Structural Change Factors in

"Interperiod.Water Use Changes

With this framework established, it 4is useful to 1dentify the
relative importance’ of each factor in ipfluencing the total chénge in
w;ter use from period to period. If the final demand component ig most
important, the implication for intermediate tefm water use forecasting

is that reasonable forecasts can be prepared simply by using projected

final demands for the set of industries included in the input-output

tables. If, on the other hand, the production tecﬁnology factor 1is
shown to be most important, the implication is that mych more attention
should be paid to the coefficlents of the inverse matrices used in the
analysis. Primary importance of the water use coefficients ;factors
would mean that particular attention should be paid to the formulation
of the coefficients.

To determine the relative importance of each factor, the 1e§st
squares algorithm ofﬁ linear regression analysis can be used. The
proéedure is set up In the same manner as a step-wise multiple
regresslion analysis. For the purposes of the analysis, the total
change in water use between‘ perlods can be taken as the."dependent"

variable. The three factors contributing to the change, as measured in
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the three difference vectors developed above, can be taken as the “in-

dependent” variables. Formally, the anélytical nodel_ﬁin be stated as:

z=t z—-t z~-t
1 1 8 )

where all variables are as defipned above.

o - f(piz-t, r (Eq. 4.8)
This functional form can be translated into a form suitable for

. analysis using  the 1least squares technique (Fonnacott and'Wonnacott,

PP-255-283):

A
i

z-t z—t
bo + blpi + bzri + b3si

z-=t
n

EEq. 4.9)
where: bo = the intercept véiue of the regression
plane
b,, b

b3 = the regreséion coefficients

1* "2

For reasons to be discussed below, there is no error term in
this formulation of the model.

The data to calibrate this model are found in the vector of
total uater' uses and-the three difference vectors. The data in each
row of these vectors taken in order represent independent observations
on the relationship represected in equatlon 4.9. In order to use thesc
data in the least squares framework, they must be adjusteé for the size
of the respective industries. Thgs can be accomplished by dividing the
data by the average (constant dollar) output of the corresponding in-
dustry between periods z and t. In operational terms, the(ith set of
varlables can be stated as follows:

z—t z~t F A
4 /hi (Eq. 4f10)

z-t z=t z~-t
ap, P~ /by (Eq. 4.11)
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aniz-: - wiz_t/hiz_t o (Eq. 4.10)
apiz-: - piz-t/hiz_é (Bq. 4.11) "
ariz—t - riz't/hiz-t . (Eq. 4.12)

. asiz_t - siz-t/hiz-t i (Eg. 4.13)

where: hiz-t- the average ?utput of industry i
between periods z and t; and
a = a prefix denoting the ;djusted values to be
assumed by the variables.

This type of procedure cannot be termed a multiple regression
analysis in the conventlonal sense. The quantity defined as the depen-
dent variable 1s measured independently of the quantities used as the
independent variables. However, it i1s apparent from the derivation of
the variables that the total change in water use 1s equal to the sum of
the changes 'due to the three structural change faétqrs. In other
words, there 1s no error tern in equation 4.9, and the equation is ac—
tually an identity. This type of amalysis was use by Davies (1977, p.
401) in deriving a proxy measurement of local comstuction costs for his
study on land and hous;pg markets in London, Ontario.

In spite of the departures .made from the conventional proce-
dures of linear regressiop aqalysié, the technique outlined will allow ‘
determination of the relative impo;tauce of the three factors in deter-
mining the total interperiod changes in industrial water use. ihe fac-
tor which explalns the greatest percentage of the total variation in
water use, as measuged by the R2 statistic will be the most ilmportant

factor. The second- and third-most important factors can also be
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determined using the step-wise regression procedure.

4.1.4 Application of the Framework

The remainder of this thesis involves testing the usefulness of
the analytical framework ideveloped in this chapter. Following a2 dis-

cussion of data collection in the next chapter, Chaptéf' six will

discuss the results obtained from using the framework. Tﬁe research

strategy used wlll be to calculate the difference vectors pz_t, =t
- - N

and az ® in the manner given in Equations 4.4 through 4.6. With these

vectors calculéted, observations will be made, first of all, on the
structural chang%. effects on water use in the wvarious industrial
sectors. Then the data will be normalized and analyzed in the least
squares framework to determine the relafive importance of the thrge
.8tructural change factors. The conclusions drawn from these observa-

tions will be outlined in Chapter seven.
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CHAPTER V

PATTERNS OF CANADIAN INDUSTRIAL WATER USE - .

P

The ﬁ&ger use patterns of Canadian industries will be descri-

-

bed in this chapter, commencing with a discussion,of data sources, and

then proceeding to a description of the trends, patt@gns-and anomalies‘

- L
which exist in the data. These data will be used to test the

analytical framework presented in Chapter four.

5.1  TAKING INVENTORY

Throughout the world, complete inventories of industrial water

use are relatively rare, compared to inventories of commodities,

resources and goods which trade on the open market. This relatlve

~

scarcity of water use data reflects the ready availability of water 1in
pmany areas, and the resulting lack of attention paid to its use. Yert,

there have been efforts within the past 30 years to collect such data.

In the United States, for example, the first industrial water use sur—

vey was conducted by the Bureau of theCensus %E 1§54, with subsequent
resurveys i1in 1959, 1964, 1968, 1972 and 1976. In Canada,~Thomas
(Canada, 1961, p. 360) conducted surveys of industrial watsr re;;ExQ?s,
constituting the first effort in this country té view ind;stfial water
use in a comprehensive manner. Thomas' work, however, was oriented to

water quality requlrements, and contained only limited data on the

quantities of water used. In work done for the Resources for Tomorrow

77
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conference in 1961, Cass;Beggs (Canada, 1961, pp. 173-189) compiled

pational industrial water use estimates , based on coefficlents of

water use developed from U.S. surveys. The National Water Needs Study

(Canada, 1972b), carried out by the federal Department of the Environ-

ment, used a similar approach to Cass-Beggs' in éampiling national

_ uatérc%é% estimates for industry.

IO
tzhe first Canadian survey of water quantities used by a broad

spectrum of Industries was conducted by the same federal department, in
conjunction with Statistics Canada and' the Alberta Department of the
Environment, in 1973, with summary results published 4n 1977 (Canada,

1877b). Two resurveys have been conducted, the first in 1978 (for 1976

data) and the most recent in 1982 (for 1981 data). results for the
1976 survey have just recently been published (Cagéda, 1983), while the
results for 1981 are currently‘'being compiled.” Full accéss was glven

to the data from the 1972 and the 1976 surveys for the purposei'of this

research. A final source of information for the three Prairie Provin-

ces was the recently published Prairie Provinces Water Demand Study
(Canada-&;berta- Saskatchewan— Manitoba, 1983).
.The federally—sponsored indhstrigi water use surveys for 1972
and 1976 were the principal sources of water use data for this chapter.
For this reason, they are described in detail here, with regard to the
questlonnalres used, selection of respondents, fesponse rates and
estimation of results for non-respondents.

5.1.1 Questionnaire Design

The Canadian water use surveys have used questionnaires mailed

to respondents. Design of the questionnaires was based upon the well-
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4 Vd
established. work of the U.S. Bureau of the Census. Major sections of

the questionnaires asked for data on water intake by source, water in-
take by purpose, regirculation by purpose and discharge quantities by
type Sf treatment and -point of discharge. In 1976 and 1981, questions
were added on monthly quantities oflintake and discharge, a;d on opera-—
ting and maintenance costs for water intake treatment, water recircu-
lation, and effluent tr@atment. A sample questionnaire from the 1976
survey is incluéed in Appendi¥ G.

5.1,25f5election of the Survey Universe

There were over 30,000 manufacturing firms in Canada when the
industrial water use surveys were begun in 1973. With the gddition of
the mineral extraction and power generation sectors, the potent{;l uni-
verse for tﬁe first -survey was estimated at around 35,000. To survey
this total number of establishments was much beyond the scope and bud=~
get of this initial exercise, and one of the first requirements was to
narrow the universe to be surveyed to major water users. This narro-
wing was achieved with & preliminary question on Statistics Canada's
census of industries for 1971, which elicited informatiocn on annual
water withdrawal quantities. Firms which marked the box indicating a
withdrawal of over ten million gallons were designated as recipients of .
thé detaileé/:ﬁter use questionnaire. In addition to this selection
procedure, the list of potential respondents was augmented manually
with the inclusion of known large operationms which were missed by the
preliminary respondent selection procedure. No effort was made to in-—
clude in the s;rvey small water users, such as metal finishers, which

nay cause serious envirommental pollution problems.
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For the 1976 survéy, the resu%;s bfﬁéﬁe 1972. survey were used
to refine further the gize of'the‘sdrve} universe. For maﬁufacturing,
the 1972 results were arrayed by 2-digit SIC group in order of their
total water withdrawal. It was decided to survey only the top ten SIC
groups, as the remaining groups counstituted only a small portion of the
total intake by the surveyed manufacturing firms. Within the ten SIC
groups.designated_for surveylng, it was decided to cﬁnvas only the lar-
ger establishments. This deﬁikion was made‘in consultation w;th offi-
. ¢cials of Staiistics Canada, the co-sponsor of the survey, and was
necessitated because of budgetary constraints and concerns about. Fes-
s

pouse burden.
Statistics Canada, in its annual surveys of manufacturing,
'sends out both "long” survey forms and “short” forms. The long forms
contain detailed questions on the respondents' operations, while the
short forms ask only summary information. To determine the recipieats
of the long forms, firms within each 4-digit Siﬁ/éroup are ord;red with
respect to_yalue of production. Establishments which together account
for at le;st 95% of the groups' total value of production are sent long
forms, while the remaining establishments receive the short forms. For
,the 1976 industrial water use su%vey, the respondent population includ-
ed only those flrms w%ﬁpin the designated SIC groups which received Fhe
long form questionnai;es on the Statistics Canada surveys. For the
mineral extractlon sector, the '197i7mailing list was leftr essentially
intact except for establishments which had gone gut‘of operation. The
power generation sector was limited to tﬂermal generating plants,

omitting the hydro plants which had been surveyed in 1972.
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FPor the 1981 survey, the same ciite’ria as used for the 1976
!
exercise were used aggin to select the respondent populatioﬁ. Minor re-
visions were made in the manufacturing sector C6 elimivate respondents
in those 4—digit SIC groups with minimal water use.

5.1.3 Respodse Rates

<

~-For the manufacturing sector in 1972, the number of plants
surveyed was 4,437 (Canada, 1977b, p. 3), including those sﬁrveyed by .
Alberca. Of these, some 3,800, or 85% of those surveyed, returned -
questionnaires. About 500 questioAnaires, or 11X of those returned,
were discarded because ofllack of information. The chief reason given
for this lack of information was that the firms involved did nol meter
and could not estimate their water use. Thus, 3,298, or aboq;,}&! of
the manufacturers surveyed, completed usablg questionnaires (Canada,
1977b; p.2). Because of an oversight, no records were kept of the
respondents to~the wmineral:extraction or the power generation sectors
A

of the 1972 survey.

In 1976, just over 7100 questionnaires were mailed to estab-
lishments in the manufacturing,.mineral extraction and power gemeration
sectors. For the manufacturers, 5,110 out of a total of 6,532 (78%)
completed usable questi;nnaires; For mineral extraction 273 out.of 496
(55%) questionnaireg were completed acceptably. In the power sector,
71 out of 74 (96%) of the establishments returned usable question-—

naires. The aggregate response rate over the three sectors was

76X.(Canada, 1983, p. 3) )
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5.1.4 Estimation of Results for Non—Respondents

Based upon the responses to the survey, water uses were esti-
mated for the non-respondents, .in an effort to gain as complete a
plcture as possible of industrial water use. PFor 1972, the estimation

procedure was described as follows:

\& e

Initially, the estimation involved calculati a
coefficient of total water intake per employee ' for
each four-digit industry group in each province.
The survey results plus employment information from
Statistics Canada's records provided the data for
the calculation of coefficients. These coefficients
were then multiplied by the number of employees in
the plants being estimated to determine the total
water intake at those plants. Following this proce-
dure, all of the parameters of quantitative water
use were calculated as a percentage of total water
intake. These percentages were then multiplied by
the total water intake for the plants being estima-
ted to arrive at estimated values for the varlous -
parameters of quantitaive water wuse (Canada, 1977b,
p. 2) -

Thé choice of employment as a -basis for estipation was made
because (1) employment is commonly related for estimation purposes to
water uée,_as shown in Chapter three, and (2) becauge Statistics Canada
would mnot release data 6n the wvalue of output or on_vélue added for
individual plants, because of confidentialircy ;éstrictions.

In 1976, a2 somewhat different estimation‘procedure was adop-
ted, based on the fact that establishment-by- establishment eaployment
data were available. Coefficients of water quantity per employee were
developed for each element of-the questionnai;e.' The coefficlents were
developed at the 4—digit level in each province; The coefficients were

multiplied by employment at each noa-respondent establishment, this
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operation generating the reqﬁired water use estimates, which were then . .

added to the respondeﬁt data to pfoduce the national totals.

5.2 WATERUSE DATA FOR THE STRUCTURAL CHANGE MODEL

[RY . ' '
5.2.1 General Description of ‘the Data

In_selecting data for developing & test of the model outliped
in Chaptef four, two considerations were important: data avaiiability
and data disaggregation ‘to a meaningful level. Considerations of Qata
availability led to the adoption of an industry-by-industry approach,
because water use data were unavailable on a commodity-by—industry ha-
sis. - . '

To make the case study meaninéful, in the sense that as the
industrial breakdown used was as detalled as possible; a 30f;ndustry
. for;at was adopted. .The‘bgsis for this breakdown “was SFatistics
':Canada}s medium_leveI of-reportinértheir input—outpﬁt tables (Canada,
.1979b, p. 11}. At this ievél of diséggreéation, some 43 ipdustries are
dealt ;ith iﬁdividuallx.- The ‘reaggregation to 30 industries was made
by combining several industrial categories, which were unimportant for

1ndustrial water use. For example, the wholesale and retail'trade séﬁ-
tors were placed in separate categories in the Statistfics Canada medium
level of reporting; for research purposes here they were combined.

‘ Two exceptions wére necessary to this procedure to make the
30-industry breakdoﬁn more uséful in terms of indugtrial water use.
Fir;t, tﬂe primary metals sector was split ianto "iron and steel™ and

-

“other primary metals”. . This modification was made because of the
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dominance of the iron and steel industry in the total water use of the

primary metals sector.

Second, “electric power” was split from the

“electric power, gas and other utilities” sector. Again, this modifi-

cation was made in recognition of the imé@rtance of the electric power

industry in terms of industrial water use. The 30-1industry breakdown

which résultqd from the above considerations is shown in Table 5.1.

Table 5.1

Detalls of the 30-Industry System Used

Primary Ivndustries Secondary Industries Tertiary Industries

Agriculture

Forestry, Fishing
Hunting and
Trapping

Metal Mining

Mineral Fuels

Nonmetal Mining
and Services
Incidental to
Mining

Food and Beverages
Tobacco

Rubber and Plastics
Leather

Textiles, Knitting
Mill and Clothing

Wood Products

Furniture 'and
Fixtures

Paper and Allied

Printing and Allied

Primary Metals, except

Iron and Steel
Iron and Steel
Metal Fabricating
Machinery
Transportation

Equipment
Electrical Products
Noumetallic Mineral

Products
Petroleum and Ceoal
Chemicals and

Chemical Products
Miscellaneous

Manufacturing

Construction
Transportation,
Storage and

Communication
Electric Power
Gas and Other

Utilities
Wholesale and

_Retail Trade

Other
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To facilitate the discussion of datajﬁfeaas presented in this
chapter, the data have been condenged from thirty to six sectorsﬁ agri-
culture; forestry, fishing, bhunting and trapping; mineral extraction;
manufacturing; electric power; and other tertiary indﬁstries. The de-~

tailed data are shown in Appendix .A.

5.2.2 Estimation of Water Use Data for 1966

Estimation of the water use data for 1966 was based upon the
© 1972 data, combined with time series informatiocn on .two major eébn;mic
parameters, employment and the constant (1971) dollar value of output
by industrial group (Statistics Canada, 1979, pp. 337-342; and Pp.
445-450) The procedure adopted was a straight-forward one, based upon
an assumed direct relationship between industrial water use and both of
these parameters.' For 1972, coefficients of water use per employee and
pef million dollars of output were calculated for each of the 30 indus~
tries. These coefficients were assumed to be constant for the
1966-1972 period. Thus, when they were multiplied by the 1966 industry.
Yalues for employment and output réspectively, the result was two sets
of estimates of industrial water use for that year. These two sets
.were then averaged to produce the 1966 water uses for the case study.
The detailed calculations resuicing from using this method are tabula-
ted in Appendix B for Canada and its five economic regions.

Two alternatives to the above procedure were investigated.
First, consideration was given to not calculating 1966 water use data
at all, and of -limiting the case study to the 1972-1976 period. This

alternative was rejected because a 4-year time period was of insuffi-

clent length to draw conclusions about structural change as it affects
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industrial water use. The second alternative involved using compaihble

U.S. water use data as the basis of T“backcasting™ the Canadian water

-

use to 1966. The problem encountered here, however, was that the U.S.
water use information was mnot compatible with the Canadian data with
Tespect to the underlying characteristics of use rates, consumption
rates and water use per employee. This finding meant tpat the U.S.
data could not be used as the basis of Canadian wa£er use estimations. |

Regional water use estimates were prepared in a similar manner
to that oufiined for the nat16n31 data, excépt that the 1974 Tegional
data were used as the basis for estimation. Data on employment iﬁ 1966
were derived from Statistics Canada's annual surveys of industry, while
output data were provided by that agency's Input—-output Division, based
on the unpublished 1966 interregional input—output table.

' In soﬁe cases, mainly in the Atlantic and Prairie Reglorns,
because of thelr limited industrial bases, enmployment data for the |
sméller industrial groups were unavailable because of confidentiality
restrictions. For the manufacturing industries, the publications used
reported the number of plants in each 4—digit SIC group by employment
size range. Ewmployment for the particular industry was estimaged by
nunber of plants in each employment size range by the mid-point employ-
ment of the range, and then summing over all size ranges. The regiomal
emplofmeut data obtained in this manner was then added to the . (known)
enployment of the o:hgr regions to approximate the pational total em—
ployment in gach group. These approximations were then compared to the

published national totals, and minor adjustments made to the regional
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estimations in order to “force™ the summed regional employment to the
published totals for Canada.

For the non-manufacturing SIC groups, )Statistics Canada
gources were also used to obtalin employment data.4 Such data are repor—
ted in the 1974 and 1978-79 Canada Yearbooks (Canada, 1974b, p. 323;
Canada, 1978, p. 362), and also in specialty publications related to

the mineral extraction industry (Canada, 1970, pp. A28-A30).

5.3  CANADIAN INDUSTRIAL WATER USE PATTERNS

In 1966, Canadlan industfies withdrew a total of 18 938

~

million cubic metres (m;)of water in support of their operations (Table

5.2). By 1976, this total had "increased by 45% to 26 894 million m3

b=}

(an average annual growth rate ofhg.Bz){ " - Because of recirculation,

Table 5.2 Industrial Water Intake, 1966, 1972 and 1976
(million cubic metres)

Sector 1966 1972 1976
Agriculture -3193.2 2854.5 3299.6

Forestry, Fishing,
Hunting and

Trapping 0.0 0.0 0.0
Mineral '

Extraction 364.7 362.0 667.3
Manufacturing 8049.8 840%.3 8672.2
Electric Power 6559.2 9320.6 13163.6
Others 771.4 987.2 1091.0°
Total 18938.3 . 21933.7 26893.7

Source: Appendix Tables A-l, A-2 and A-3
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these intake totals met gross water uses of 31 474 million m3 in 1966,

34 956 m3 in 1972 and 39 986 m3 in 1976 (Table 5.3). The largest
sector, in terms of total water intake in 1966 was manufacturing, but,
by 1972, this sector had been displaced from its leading position by
electric power. Since all of the water used by the electric power
sector was accounted for by thermal power plants, the growth in watér
ﬁse by this sector is evidence of the ince®sing reliance of certain
Canadian power authorities (e.g. Ontario Hydro) on thermally-based
i

\
generation, both conventional and nuclear. ) -

5.3.1 An Overview by Industrial Sector

Patterns of water use vary markedly amongst different indus-
tries. One way to demonstrate this fact is by compiling statistics on
the five main characteristics of water use, namely Intake, recircula-
tion, gross water use, consumption and discharge. Such compilations
have been done  in Table st. for the years 1966, 1972 and 1976. In
discussing the characteristics of industrial water use the greatest
emphasis has been placed upoﬁ the two survey years, 1972 and 1976. The
discussion draws upon some 1nformat15n in Appendix A, as well as on the
tables included in the text.

Agriculture: Water use ip the primary industries was domina-
ted by the agriculture sector in both 1972 and 1976. 0f the total
agricultural withdrawal (2 855 million 3) in 1972, 88X was acfounted
for by irrigation, principally in the Prairie Region. Irrigation was a
heavy consumef‘of water, with 68% of withdrawal (1 709 million m3) not
being returned directly to receiving watgrs. The remaining 12% of

withdrawal by this sector, some 334 nillion m3, was required by
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Source: Appendix Tables A-1, A-2 and A-3.

Table 5.3 Water Use Patterns by Industry, 1966, 1972 and 1976
(million cubic metres)
Recircu Consump—~
Sector Intake lation Gross Use . tion Discharge
1966
Agricul-
ture 3193.2 0.0 3193.2 2285.1 908.1
Forestry
etc. ¢.0 0.0 0.0 0.0 0.0
Mineral Ex- _
traction 364.7 1889.2 2253.9 86.1 278.6
Manufac- .
turing B04S.8 10646.1 18695.9 328.5 7721.3
Electric
Power 6559.2 0.0 6559.2 M 6487.9
Others ¢ 771.4 0.0 771.4 .0 7 771.4
Toral 18938.3 12535.3 31473.6 2771.0 16167.3
1972
Agricul-
ture 2854.5 0.0 2B54.5 2042.8 811.7
Forestry . :
etc. g.0 0.0 0.0 0.0 0.0
Mineral Ex-
traction 362.0 1805.7 2152.5 87 .1 274.9
Manufac~-
turing 8409.3 11328.4 -19640.7 330 .0 8079.3
Electric
Power 9320.6 0.0 8320.6 101 .3 89219.4
Others 987.2 0.0 987.2 0.0 987.2
Total 21933.7 13044.1 34955.6 "s61 .2 19362.7
1976
CAgricul-
ture 3299.6 0.0 3299.6 2369.0 930.7
Forestry
etc. 0.0 0.0 0.0 0.0 0.0
Mineral Ex-
traction 667.3 1730.3 2397.6 105.2 562.2
Manufac-
turing 8672.2 11357.5 20034.6 456.5 B215.6
Electric
Power 13163.6 0.0 13163.6 160.4 13003.2
Others 1091.0 0.0 1091.0 0.0 1091.0
Total 26893.7 13092.6 39986.4 3091.1 23802.7

P

b
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stockwategiﬁg. All of :yis water is considered here -as. having been
consumed. Thus, with two‘principal activities which consume most of
their withdrawals, water consumption;in agriculture tota;led 722 of
intake (2 043 million 93).

By 1976, intake in the agricultural sector had increaéed to
almost, 3 300 millien m3. Irrig#tion water withdrawals Iincreased
slightly to 89% (2 951 million'm3) of the sector's total withdrawal.
.The proportion of this total which was consumed fell to 61% (from 68%
in 1972). When- the ﬁitﬁdrawals by stockwatering (348 million m3) are
considered, the sectoral consumption rate. remainéé at 72X of total
withdrawals. This consumpti;; rate was the highest by far of any séc-

toral rate in Canadian ipdustry in both years discussed here.

Forestry, Fishing, Hunting and Trapping: There was no record of

signiflcant water withdrawal by any of the activities in this sector.
This does not suggest that water hgd no importance here, put merely
that nonwithdrawal water uses were overwhelmingly more impdrtant. In
fact, most of the sector's activities could not exist without water.
However, the éector is of no importrance for this rgsearch, since there
were no water withdrawals.

»
Mineral Extraction: Three major subsectors, metal mining, mine-

ral fuels and nonmetal mining, comprise the mineral extraction sector.

In 1972, the total withdrawal of 362 million,m3~was dominated equallyv
by the metallic and nommetallic minerals subsectors (at about 160 mil-—
110? n3 each), with the mineral extraction sector lagging substantially
at Az:million m3. Water recirculation was significant 1in the metalA

mining subsector in meeting the total gross water use of 2 152 million -
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m . The use rate in this subsector was over-10, compared to use raggs
in the nonmetal and mineral fuels subsectors of 2.2 and 2.6 respective-
ly. A1l of the recirculaéionAin the latter subsector occurred 4n coal
I&hiﬁg;ﬁ The other activity comprising the mineral fuels subsector, the
extracéion of crude petroleum and natural gas, used water for well in-
jectioﬁ to maintaln pumping pressures. None of this water was recircu-
lated.

Water consumption in the mineral extraction sector totalled 87
million m3, or 24X of total withdrawal im 1972. Amongst the
subsectors, the consumption rate varied between 8.5% in metal mining
and over 90X in mineral fuels. The high consumption rate in ﬁhe latter
subsector reflected the fact that all of the water used for deep well
injection was consumed.

By 1976, water intake in this sector had increased by 84% to
667 million m3. A significant factor in this ipcrease was a 3.éjfold
climb in water intake by the metal mining sector. Accompanying this’
change was a substantial decline 4in the use rate to 3.7 (cf. over 10
in 1972). At the same time, recirculation in the nonmetal miﬁingssec-
tor rose to 4.5 (from 2.2 im 1972), causing a fall in the amount of
water withdrawn by plants in this subsector. Water withdrawals in the
mineral fuels subsector decreased slightly to 39 million m3,rreflecting
a fall in the amount of water used for deep well injection. All of
these.factors combined to produce a sectoral use rate of 3.7 and a con-
sunption rate of 16% i=n 1976. These represented cﬂgnges from 6.0 and

-

24% respectively in 1972.
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Manufacturing: 1In 1972, the manufacturing sector as a whole

withdrew the second largest amount of water, after electric power, of
any of the withdrawal sectors included in this research, some 8 409
million m3. 0f all the sectors, manufacturing is the most complex to
describe, because it includes 20 subsectors at the two digit SIC level.
For this reason, in a later section of this chapter, supplementary
descriptive detail will be provided on manufacturing.' ‘In the present
section, the purpose is to describe the aggregate patterns of water use
in'tPe sector.

The total water intake in 1972 was "stretched” some 2.3 times
via recirculation to meet a total gross water use of 19 641 mililion m3.
The consumption rate was slightly above 4% for the sector as a whole
(330 milllion m3). This coustituted one of the lowest rates of any of
the sectors.

By 1976, the water withdrawals by firms in the manufacturing
sector had increased to 8 672 million ;3; this representéd an annual
increase of 0.7X% on a compound basis. Gross water use Increased at an
even slower annual rate of 0.5%, to a total of 20 035 million m3. Both
of these rates were below the sectoral growth rate of output, as will
be showg in a later table. The use rate remained unchanged at 2.3,
while the consumption rate inmcreased to 5.2% of total intake.

Electric Power Generation: Im both 1972 and 1976, this sector

(which included both conventional coal- and oll-fired and nuclear gene-
ratlion plants) withdrew the largest amounts of water of any sector.
The withdrawal of 9 321 million m3 constituted over 40% of total natio-

nal ipdustrial withdrawal in 1972. This percentage rose to just under
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50X in 1976, indicating a relatively rapid sectoral growth rate of 92
per year. This growth rate represented the combined effects of rapid
growth in electricity demand throughout the countrf and a gradual in-
crease in the proporfion of generating capacity accounted for by
nuclear power plants, whiéh use relatively noré water than the conven-
tional coal- and oil-fired thermal plants. There were no recorded in-
stances of recirculation of water at any of the thermal power stations
i elther of the two years under discussion.

Ip relation  to their combined total withdrawal, thermal power
plants ;onsumed a relatively lo; amount of water; the consumption rates
for both years was just over 1%. The fact that no water recirculation
occurred in the sector, and therefore that no cooling towers or cooling
ponds were in —ﬁse, was responsible for the observed low amount of con—

sunption in the sector.

Other Tertiary Industries: Five subsectors were included in

this residual category: comstruction; transportation, storage and com—

- munication; gas and other utilities; wholesale and retail trade; and:

"other”. The latter subcategory dincluded firms devored to financial
managenent (e.g. banking, insurance, etc.), entertainment and other
related activities which are insignificant in terms of industrial water
use dgspite their high monetary wvalue.

The total water use in this sector comsisted of withdrawls by
the wholesale and retail trade subsector. These withdrauals,' which
were based upon statistics developed by Tate and Lacelle (1977), total-

3 3

1éd 987 million m  4n 1972 amd 1091 millfon > in 1976.  There was

neither any recirculation nor any consumption in this subsector.

[
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5.3.2 Water Intake by Source

Industrial water sources are shown in Table 5.4. There were no
data available on the sources of water used in the agricultural sector,

Iable 5.4 Industrial Water Intake by Source, 1972 and 1976
(million cubic metres)

Self~ Self- Self-
Supplied Supplied Brackish
Public Surface Ground and Mine
Sector Water Water Water Water Total
1972
Agricul-

ture information not available ~ 2854.5
‘Forestry,

etc. 0.0 0.0 ) 0.0 0.0 0.0
Minersl Ex- ’ h

traction 8.3 303.9 22.7 27.1 362.1
Manufac~ , .

turing 1248.1 6670.1 205.6 379.4 8420.4
Electric )

Power 3.5 ™ 8238.1 7.8 1071.3 9320.6
Others 987.2 0.0 0.0 0.0 987.2
Total 2247.1 15212.1 236.1 1477.8 21933.7 7’

1976
Agricul-

ture information mot available - 3299.6
Forestry,

ete. 0.0 0.0 0.0 0.0 0.0
Mineral Ex-

traction 84.4 481.3 64.1 37.6 667.3
Manufac-

turing 1119.6 7110.7 83.0 359.6 8672.2
Electric

Power 5.7 9901.9 2.4 3253.6 13163.6
Others 1051.0 0.0 0.0 0.0 1091.0

Total 2300.7 17493.2 149.5 3650.9 26893.7

Source: Appendix Tables A-4 and A-S.

as noted in these tables, although it is reasonable to assume that much

of the sector's water supply was drawn from self-supplied surface
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water, with some stockwatering withdrawals b@ing derived from ground

water,

In botﬁ 1972 and 1976, self-supplied surface water sources were
exploited most exteﬁsively, supplying 802 of the konown water withdra-
wals in the former year, 74: in the latter. For mineral extractiom,
manufacturing and electric power,"‘aelf—aupplied sycface ;:ter was the
most frequent source, bug' for manufactﬁrins, it was s8lighly less
important. Public water supplies were a2lso important for manufactu-
ring, reflecting two factors: (a) there were many smaller operations in
this sector wﬁich tended to be connectéd to public sysiems (1.e. not
large enough to have their own water intake systems); and (b) some of

the subsectors (e.g. food and beverages) required high quality potable

water.

Public water systems supplied the second most freguent source
in 1972, but fell to third positiom in 1976, wifh brackigy and nine
water assuming second position in ihat year. Brackish water was rela-
tively important for electric power plants inm both years, and was also
significant for manufacturing. In both years, ground water sources

were relatively unimportant (236 m3‘and 150 m3 respectively).

5.3.3 Water Intake by Purpose

Industry, as the term is used in this paper, exhibited a large -

-~

varlety of water uses, making it difficult to generalize, since, even

“within individual industry groups, methods and purposes for using water

could vary substantially. Many factors account for these variatiouns,
such as technology employed, scale of operations, locality of the

plant, and many others. For statistical purpdges here, it Is suffi-

-
-~
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clent to describe the purpose of water intake in terms of four catego-
ries, as shown in Table 5.5

Table 5.5 Industrial Water Intake by Purpose, 1972 and 1976
, (million cubic metres)

- Cooling,
Conden-—-
sing and Sanitary h
Sector Process Steam Service Other Total
) 1972
Agricul- . r
ture - 2854.5 0.0 0.0 0.0 2854.2
Forestry,

ete. . 0.0 0.0 0.0 . 0.0 6.0
Mineral Ex- . '

traction  219.2 87.s - 3.8 51.5 362.1
Manufac-

‘turing 4062.2 4009.6 126.6  213.0 8409.4
Electric .

Power 0.0 . 9320.6 .0 0.0 9320.6
Other 0.0 0.0 987.2 0.0 587.2
Total 7135.9 13417.7 - 1116.6 264 .6 21933.7

1976
Agricul- -

ture 3299.6 0.0 0.0 0.0 3299.6
Forestry,

etc. 0.0 0.0 0.0 0.0 0.0
Mineral Ex- .

traction  385.7 J120.5 ¥ 80.3 80.8 667.3
Manufac- . .

turing 3464.3 4630.0 401.6 176.5 8672.2
Electric .

Power 0.0 13163.6 0.0 0.0 13163.6
Other 0.0 0.0 1091.0 _0.0 1091.0
Total 7149.6 17913.9. 1572.9 257.3 2639327

Source: Appendix table A-7.

- Process water was defined In the survey questionnaires as water
which comes into contact with the product in some manner, for example
through washing or incorporation into products. Cooling, condensing and

steam generation are self-explanatory water uses, and all involve some
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type of heat :ransfgr process. This group of uses involvéd water
circulation in systems separate from those of the product. Water for
sanitation purposes is likewise self-explanatory. Water used for this .
- purpose 1is fréquently derived from public supply systems. The “other”
category 1s a residual ome used to account‘for uses such as landscaping'
and general plant maintenance.

In both years for which data have beén collected, cooling, con—
.densiﬁéi and steam generation were the most frequent uses of water
intake, accounting for 61% of withdrawal in 1972 and 67% in 1976. One
factor contribut:i;\\kp thié dominance was the faét that the largest

\\
wa;gr;user, electric power, used practically all of its intake for this

pu;;;se. The second most frequent use of pew water intake was for pro-
cessing. :.All agricultural withdrawals were considered to be 1in this
category, as were considerable portions of manufacturing intake. Sani-
tary purposes accounted for between 5% and 6% of total intake in both
years. The increase in snaitary water use between the two periods is a

survey resuit, for which no explanation has been found.

5.3.4 Water Use in Manufacturing

Twenty of the thirty sectors included in Table 5.1 are sub-sec-—
tors of manufacturing. Thus, the manufacturing sector exhibited a wide
variety of water use patterns. To show the diversity of manufacturing
water wuse, this section of the chapter is devoted to a description of
the basic water use characteristics for the most important components
of manufacturing. The statistics for this description are given in

Table 5.6 and 5.7 for 1972 and 1976 respectively.
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Table 5.6 Water Use Patterns for Ma Major Water—using
Manufacturing Groups, 1972
imillion cubic metres) -
Reclrcu- Gross Consump~

Sector - Intake . lation . Use tion Discharge
Food and

Beverages  380.1 160.9 541.0 25.1 355.0
Rubber and

Plastics 353.9 111.7 465.6 2.8 35].1
Wood 175.3 43.4 218.7 - 5.3 176.0
Paper and -

Allied 3094.3 6594.5 9688.7 .111.8 2982.4
Primary 1 :

Metals 356.8 505.1 . 861.9 8.5 348.63
Iron and : 1 _ :

Steel 1291.7 796.2 2087.8. 35.5 1256,2
Transport- ‘

ation :

Equip't 192.4 85.9 272.3 8.0 184.4
Non-metal- N . -

lic Mine- . : . :

ral Prod. 133.2 aizz,é/ 255.7 5.9 127.3
Petroleun , : -

and Coal ~ 699.9, © 781.0° 1481.0 35.3 664.6
-Chemicals .
" ete. 1524.8 1830.5 3355.3 83.9 1430.9
Total 8202.2 11031.9 - 19234.1 331.9 7870.3
1. ei!gﬁi iron and steel.
Source: Appeadiz Table A-2. ' -

Ten components of the manufacturing sggtor accounted for bet-
ween 97” and 98% of the sectoral water intake in both years under dis-
cussion. Thé'paper and allied products industry was most important in
terms of intake, with 37% of the manufacturing total in 1972, and 36%
in 1976. The next three industries in order of importance were chemi~
cals and chemiéal products, iron and steel, and petroleum and coal

//\_J

products.

Lol
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Table 5.7 Water Use Patterns for Major Water—using
Manufacturing Groups, 1976 .
(million cubic metres) -

Recircu— Gross Consump—

Sector Intake ~ lation Use tion Discharge
Food and :

Beverage 358.8 161.9 520.6 31.0 327.8
Rubber and -

Plastics 59.5 . 80.6 . 140.0 5.4 , 54.1
Wood 331.4 157.5 488.8 8.6 ) 322.7
Paper and w

© Allied 3132.8 5735.6 8867.7 170.3 2961.7
Primary 1 :

Metals 726.4 1087.4 1813.8 36.4 690.13
Iron and -

Steel 1367.9 888.9 2256.6 40.3 1327.6
Transport-— B

ation E . . ’

Equip't 375.7 427 .2 802.9 2.27 373.5
Non-metal—-

lic Mine-

. tal Prod. 94.7 151.8 246.5 15.5 79.1
Petroleum ' . -

and Coal 615.7 1017.2 ©1633.0 35.4 580.4
Chemicals

etrc. 1462.7 1547.6 3010.3 104.1 += - "1358.6
Total 8524.8 11255.5 19780.3 449.2 8075.7
1. except iron and steel. : < e

Source: Appendix table A-3

‘As shown earlier, the national use rate for the manufacturing
sector, indicating the importance of recirculation, was 2.3 in both
1972 and 1976. Use rates varied quite widely amongst the sector's com-
ponent industries (Table 5.8), with the highest aggregate rates being
experienced in the paper and allied products industry (3.13 4in 1972
and 2.83 in'1976). The lowest rates were experienced in tﬁe wood pro—
ducts and the food and beverages sectors. As shown im Table 5.8, the
'usé rates for most of the components of manufacturing rose between 1972

and 1976. The notable exception to this statement was the largest
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Table 5.8 Use Rates and Consumption Rates for Maijor . .
Water-Using Manufacturing Groups’ 1972-1976
Sector Use Rﬂtesl Consumption Ratesz
: 1972 1976 1972 1976
“Food and
Beverages . 1.42 1.45 . 0.07 0.09
Rubber and
Plastics 1.32°  2.35 0.01 0.09
Wood 1.25 1.48 0.03 0.03
Paper and '
Allied 3.13 2.83 0.04 0.05
Primary
Metals” .. 2.42 2.50 0.02 0.05
Iron and Steel 1.62 1.65 0.03 0.03
Transportation , :
Equipment 1.45 2.14 0.04 .01
Non-metallic
Mineral Prod. 1.92 2.60 0.04 0.16
Petroleum
and Coal 2.12 2.65 0.05 0.06

Chemlcals etec. 2.20 2.06 0.06 0.07

National Manu- :
facturing 2.33 2.31 .04 0.05

1. The use rate 1is computed By dividing gross water use by
water intake.

2. The consumption rate is computed by dividing consumption
by water intake.

3. except iron and steel
Source: Appendix Tables A-2 and A3.
water use, paper and allied products, where the decline in
recirculation relative to intake was exactly sufficlent to offset the
effects of the app;rent rise in recirculation in the other component
ipdustries.

éonsumption ‘rates for the major water-using manufacturing
groups are also shown in Table 5.8. Again, the influence of
the largest . water user can be seen, for the consumption

rates for paper and allied products Is the same as  the

national rates for manufacturing.
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5.3.5 Regional Water Use

Industrial water intake by Fegion for 1972 and 1976 s indica-
ted 1n Table 5.9. in both years, total intakelwas dominated by
Cntario. Ontario's  predominance over Quebec, the next  most
industrialized region, was.accentuated in terms of Industrial water use
because of the importance of thermal power generation in Ontario.
Quebec relied overwhelmingly onrhydroelectric g;neration as a source of
energy, and since hydro power 1s a nonwithdrawal water use, it has not
been 1included here. The Quebec reglon,in fact, was o;ly third (in
1972) and fourth (in 1976) in terms of reglonal water intake, since the
relatively large amounts of irrigation water used in the Prairie region
enhanced that region's position in gpe total national water withdrawal.
The rapid g;gyFQ!of electric power generation in the Atlantic region
led to the ré;ion's change from fifth position in 1972 to third
position iIn 1976 with respect to water withdrawal. The gTO585 water use
‘statistics (Table 5.10) sh;w essentially the same reglonal patterns as
those outlined for water intake.

A somewhat different regional pattern emerged in terms of water
consumption, as compared to that described for water intake. For water
consumption , the national total in both‘1972 and 1976 was dominated by
the Prairie region (Table 5.11). The high amounts of water consumed in
the:regipn for irrigation and stockwatering were respomsible for this
dominance. The same factor tended to increase water consumption in
British Columbia.

In terms of the present research, it is important to note that

the water use patterns for both intake and consumption were quite d4dif-
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ferent from what one would expect based on economic characteristics
alone. Specifically, production patterns alone would givé more empha-

sls to Quebec and Ontario, and less to the Atlantic and Prairie

Reglons.

-t

5.4  IMPLICATIONS FOR THE CURRENT RESEARCH

The water use data described in this chapter were used in deve-
loping the coefficients for the structural change model. The sources of
information and the methods used in compiling the coefficients are des-

cribed in detail in Appendix C.

- Patterns of Industrial water use, both émongst industries and
between regions, clearly reflect the underlying regional industrial
- structures. Numerous examples have been shown in this chapter. For
Instance, in areas where thermal power generation is a slgnificant acti-
vity, water witﬂ&?&?al is high, especially since no Canadian power
plants recycle water at the present time. In areas where irrigation is
important, water consumption is high. In areas where heavy industry
locates (e.g. 1in the Great Lakes basin) water withdrawals are high,
water consumption is moderate and consequently return flow 1s also high.
The objective of-this research 1s to examine the role of structural
change factors in determining héw the reglonal water use pattefns‘change

over time. This subject is addressed in the next chapter.

14
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. CHAPTER VI
WATER USE AND STRUCTURAL CHANGE:
AN EMPIRICAL TEST'

An empirical test of the model developed in Chapter four is
presented in this lchapter.. Ir that model, three principal forces
related to strﬁctural change were suggested to underlie the change in
ipdustrial water use over time, unamely changes in final demand,
changes in production technology and changes in the intensity of
water use within various industries. This chapter will show how
these forces were made operational and were analyzed.

The methods used for the investigation are outlined in the next
section. This outline is followedﬁﬁy a discussion of indices which
measure industrial water use in the context of industrial structure.
An outline of iudustry—specific results from the analysis is then
presénted. This 1s followed by a discussion of the results of using
a least squares type of amalysis on thé quantified structural change

data. Finally, the principal findings of the test will be ocutlined.

6.1 QUTLINE OF THE INVESTIGATION

6.1.1 Data Compilation

Tnverse Matrices: As outlined in Chapter two, the square form

of input—output table was used for this research, because of the na-

ture of available water use data. The required fnput-output tables
] ‘o
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and their inverse matrices were derived froﬁ Statistics Canada data,
and were produced by members of the Input—Qutput Division staff of
that agency. The Statistics Canada input—output tables are in a rec-

tangular, commedity-by industry form. The conversion of the 'rec—

tangular tables to a square format has been outlined briefly-in

Chapter two.

-

Since the énalysis was concerned with changes :ia domestlc water
use and domestic productivity, either national or regionmal, the in-
verse matrices used were calculaéed as excluding dimports. W;th
imports exogenous, changes in'domestic productivity, and subsequently
demestic water uses alone could be examined. g

Since the analysis was concerned with changes in domestic water
use and domestic productivity, either uatianal or reglonal, the
inver;f matrices wused were calculated as excluding imports. With
imports exogenous, changes in-doméstic productivity, and subsequently
demestic water uses alone coould be examined.

For the reglonal portion of the gralysis, 1966 input-output
Inverse matricies were unavailable. The 1966 exercise carried out by
Statistics Canada was an experiment, aimed at testing procedures for
interregional input-outpuf analyslis in Canada. The exercise was not
completed to the publication stage due to some technical problems,
such as definitional inconsistencies and compilation problems. For

this reason, the table was not-used in its inverted” form in this

thesis. However, because of the nature of the algoritm used here, it

—~
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was not required. According to equation 4.2:
wt' Ft .Mt .yt
(where all symbols were defined previously.) Thus, the inverse
for any one year is implicit in the total water uses for the system's
industries. Since the 1966 water uses were estimated as part of the

research, the 1966 regional inverses were not required.

“»
National Final Demand and Qutput Data: All of the national an-—

alyses were conducted in terms of 1971 dollars in order to discollnt
the e?fects of inflation. The year 1971 was chosen as the base year
because Statistics Canada's coﬁstant dollar input-output tables were
published in terms of 1971 dollars (Statistiecs Canada, 1982). The
final demand data for 1966, 1972, and 1976 were derived directly from
computer runs by the Input—Qutput Division staff of Statis;ics
Canada.

The output data for 1972 and 1976 used in calculating the water
use coefficients were derived by solving the conventional input-
output equation linking final demand and output (i.e. equation 2.5).
For 1966, a small problem arose due to change in the deflationary
procedures used to compile the constant dollar input-output data. To
eircunvent this problem, the. Input—Qutput Division provided data on
1966 outputs by industry groups in terms of 1961 dollars, 1971
outputs in terms of 1961 dollars and 1971 outputs in terms of 1971
dollars. The conversion of the 1966 outputs to 1971 dollars is given
by:

1966 outputs($'71) = 1966 outputs($'61).197]1 outputs($'71)

1971 outputs ($'61)



109
The detailed data and calculations used in this procedure are given

in Appendix E.

i .
Regional Final Demand and Output Data: The regional portion of

the test was carried out in terms of 1974 dollars, because 1974 was
the year for which the latest regional input-output data were compi-
led. Final demand data for 1974 were prdvided by the Input—Qutput
Division of Statlstics Canada, and the outputs were computed by the
Input-output model.

For 1966, final demand and odtput vectors were somewhat
more difficult to complle, and the following method was used. The
first inter-regional input-output table produced by Statistics Canada
had 1966 as a base year, and was mnever published, having been
superceded by the 1974 table. This initial inter-regional modelling
effort had been removed from computer files by the time the present
research was begun, making it necessary to work from printouts of the
original Input-output tables. It was assumed at the outset that the-
methods used to compile the 1966 tables were similar to those used
for the 1974-based exercise. In any event, having avallable the 15966
table, even in its current form, was judged superior to constructing
compatible ocutput and final demand vectors lfor 1966 from first
principles. ‘ |

The 1966 tables had been compiled in a commodity by industry
format for each of the five.Canadian regions. Thus, the 1nitial‘step
required was to collapse the commodity dimension into the appropriate

industrial categories. The groupings of commodities dinto industry
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groups is shown in Appendix F. For two of the industrial groups,
Primary metals and electric power, gas and other ﬁtilities, a more
detailed breakdown of output and final demand data was required. It
will be recalled that, in the 30-industry breakdown used in the pre-
sent research, thg primary metals i{ndustry consisted of iron and
steel and other primary metals; the electric power, gas and other
utilities sector consisted of electric power (alonme) and gas and
other utilities. The necessary adjustment was made by splitting the
1966 data'iufo the required industrial groups on the basis of Tegio-
nal employment totals (in the case of primary metals) and regional
labour fo;ce totals (in the case of electric power, gas agg other
utilities). | )

The 1966 regional tables following the compilation into ;££e 30
industrial groups fecorded interindustry flows and total oﬁtput, but
not final demand, for each industrial group. Flnal demand was taken
as the algebraic difference between total output and final demand for
each group. Thus, at the end of this process, the required final
demand and total output vectors were compiled in terms of 1966 dol-
lars based upon the original 1966 interreglonal tables.

From the national data compilation, national £inal demand and
output vectors were available for 1966 in terms of constant 1971 dol-
lérs. The regional final demands and outputs{ were used to prorate
the national vector to the component regioné._ Thus, the national and
the regional analyses used comparable 1966 economic data. The regio-
nal outputs and final demands were inflated to 1974 dollars using the

ratio of outputs in 1974 terms (Statistics Cavnada, 1983, pp. 156-161)
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to outputs in constant 1971 _terms (Statistics Canada, 1982, pp.
99-104). The complete set of calculations required to derive the

1966 final demand and outputs vectors in terms of 1974 dollars is

shown in Appendix F. -

Derivation of Water Use Coefficients: The compilation of water

use statistics used in this research was documented in Chapter five.

For the purposes of testing the structural change fraegwork, water

intake and gross water use parameters.were used. In the discussion .

which follows, the term "water use” refers to either of the parame—
ters used in the calculations. The water use coefficlents for the
model were computed simply by dividing the fotal amount of water re-
ported for each parameter im each dindustry by the total output for

that industry. )

6.1.2 An Index Measure of Water Use and Industrial Structure

For descriptive purposes, the distribution of water use as re-—

lated to industrial structure can be measured using a Lorenz curve
(Samuelson, 1961, p.120) Lorenz curves are generally used to measure
and 1llustrate income distributions in an economy. Income earners
are stratified wiﬁh respect to thelr income levels. The percentage
of income-earners in each stratum is then plotted against the percen-
Lage of natiogal.income earned by each respective group. A pérfectly
ever Jncome distribution would plot as a 45 degree line on normal

paper. The more uneven the income distribution, the more con-
céve is the Lorenz curve to the 45 degree line. An index of the deg-
fee of 1nequalitf of the income distribution could‘ be obtained by

integrating the area under the curve. The smaller the value which
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results obtained from this integration procedure, the more uneven the
tncome distribution. If the index is compared for different time
periods, the movemen} of the-income distribution towards or awey from
equality can be determined. - In sum, this procedure measures_the
changing structure of income distribution in the economy.

This type of analysis was adapted to describe changing respon-
ses of water use to Industrial structure for the time spans being
dealt with in tuis'research. Industries were ordered with respect to
their percentage contributiog to total industriai/;;ter use. These
werehlhen plotted against the corresponding 'pero\ptage contributions
to output value. The "curve™ resulting was actuaiiy a series of
steps because~of the discreteness of the data. A uumerical integra-
tion procedure could %Eerefore be used to celcul;te the area under

" the "curve". . Comparing these areas over time allowed observations to

be made about the aggregate response of water use to changes in in—

.’dustrial structure.

- 6.1.3 Water Use Simulations and Shifts
Four vectors of shifts in industrial water use were calculated

for each time period. Eguation 4.2 was used to perform these shift

calculations, with the procedure being to alter sequentially each of
‘the components of the equation; this procedure is summarized in Table
6.1. By using equations 4.4, 4.5 and 4.6, the water use shifts due

_to changes'in water uée, final demand and production technology were

-

calculated. For use in the leéast squares analysis, these shifts were

normalizedrby dividing each. industry's shift £igure by the average

Endl

interperiod output in the respective industry groups.

':.
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Table 6.1 Summary of Water Use Shift Calculationms

- Water Use Final Input-
Simulation Coefficient Demand Qutput
Number * Vector Vector Inverse Product
1 final ‘final final Fc.Mt.yt
2 initial final final Ft'M .yz
3 initial initial final Fo. M7 ¥
L 4 ‘. ipitial ;Jinitial initial FZ.M%.y°

final = the vector or matrix component of equation 4.2 related to
the final year of the period,
“initial = the vector or matrix component of equation 4 2 related
to the initial year of the period.
All symbols are as defined in Chapter 4.

6.1.@ Least Squares Analysis

The least squares analysis of the normalized water use shift
data was‘;pérformed to examine which of the three structural change
factors was most closely related to the total interperiod change in
water use. As outlined in developing the analytical framework, this
procedure cannot be termed a limear regression analysis in the coﬁ-
ventigaal sense in view of the absence of an error term in the esti-
mating data. Nevertheless, the coefficlent of determination (ﬁz) can
be used as a measure of tﬁe amount of total wvariation explained by
each structural cﬁange \factor. The analysis’ was conducted across
industries for ome time period. This allowed-overall‘obéervations tg
be made ou the correlations of the three factors to chaﬁges in total
water use. Those sectors with no recordéd water use were omitted
from the analysis.

6.1.5 Analysis of Predominant Factors of Change

Each of the water use shift measurements were either positive
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>

or negative in their impact on sectoral.water use. A FKolmogorov—
Smirnov  analysis on the distribution of signs amongst the various
possibilities was used to determine the predominant patterns of
influence of the various factors on changes in water use. These
analyses were conducted for both water intakg and gross water use and’

for each time period in turn. Again, those sectors with no recorded

. >
water use data were omitted from the analysis.

. 6.2 INDUSTRIAi WATER USE RESPONSES TO INDUSTRIAL STRUCTURE

An overview of the results obtained from the empirical test of
the structural change megdel is presented im this secﬁion . The
Lorenz curve description of the responses of water use to industrial
structure is dealt with first. . The sﬁifts in industriél water use
are then examined under the major categories of agriculture, mineral
extraction, manufacturing, electric power and other uses. The
results of the Kolmoéorov—Smirnov analysis of sign distribution are
then outlined, followed by the results obtained using the least

squares analysis across Industries, and reglons.

6.2.1 Lorenz Curve Analysis

The 'disspibution of Industrlal water use in response to indus-
trial structure ;over the time period of analysis was highly polarized
(Table 6.2). As shown in Chapter five and verified by the Lorenz curve
analysis, a few industrial groups accounted for a large proporﬁion of
total water use for both water intake.and gross water use parameters.

In contrast, a few industries, which accounted for a substantial
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Table 6.2 Lorenz Curve Analysis of the Response of Industrial
Water Use to Industrial Structure, by Water Use Para-—
meter, Canada and Regions, 1966-1976

Area Covered . Year Area Under Curve
Water Intake Gross Water Use

Canada 1966 0.1195 0.0848

Canada 1972 0.0613 0.0648

Canada 1976 - 0.0555 0.0589 _

Regions

Atlantic . 1966 0.0857 0.0818

Atlantic 1974 0.0722 0.1237

Quebec 1966 0.1457 0.1154

Ontario 1966 0.0592 0.0707

Ontario 1974 0.0394 0.0679

Prairies 1966 0.0911 0.0991

Prairies » 1974 0.1046 0.1225

B.C. 1966 0.0938 0.1092

B.C. 1974 0.1092 0.0914
proportion of economic output, had no reportéd water use. If the

lattrer industr;es were to be excluded, there would be more area under
each curve, indicating a more eveﬁ distribution of Industrial water use
with regard to industrial struéture, bﬁt there woulg still- be a
pronouﬁce&‘ﬁélarization.

The trends indicated that this polarization was in;reasing ‘over
time, for botﬁ Canada and its regions. For instance, the index of
polarity for national water intake decreased from 0.1195 in 1966 to
0.0555 1in 1976. This trend indicates that the large water—using
. 1ndustries accgunted for‘ an izfgeasingly higher proportion of total

industrial water use over the decade. The only exception to this

P

LRI
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finding occurred in the Atlantic region for the gross water use
parameter over the 1966-1974 period. | -

The polarizatlion index was generally higher for the,regions,
indicating that industrial water use was less polarized for the regions
than for Canada as a whole. For each region écross the 1966-1974
period, the ordering of industries with respect to their total water
use for both parameters was constant.. This finding verified the
national trend that the large water using industries were accounting
for an increasing proportion of tot;; water use.

6.2.2 Water Use Shifts in Response to Structural Change

The effects of changing water use patterns, final demands and
production technologles are quantified in this section of the chapter.
heavy reliance 1s placed he&e on the detailed statistical material
contained in Appendix D. Summaries only of this material are included

in the text.

Agriculture: The data on water use shifts between 1966 and 1976

are shown in histogram form in Figure 6.1 for Cénada and Fiéure 6.2 for
the regions. Water intake and gross water use have the same statistics
since there was no recorded recirculation. Water use declined in the
- 1966-72 pericd by 339 million m3, and then increased in the 1972-76
period by 445 million m3. The net effect of  these trends was an
increased water use of 106 million m3 over the 1966-76 périod. In
génefal, because of the high proportiom of irrigation water use in the
agriculture sector, agricultural water use tends to increéase during dry

yéﬁrs. The climatic influence 4is -reflected .in the water use
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coefficient component of the structural change model.

Changes in productioun technology had the greatest influence
on the decrease in water use ﬁetween 1966 and 1972 (-864 milliom m3)
and continued to'éct negatively between 1972 and 1976A(-17 million
m3). For the entire period, this negative influence totalled -869
million m3. The decline in water use was due to Increased
producti;ity in the industry, as reflected by the input and output
linkages for the five industries most closely related to agriculture
(Table 6.3). The input coefficients declined almost without excep~

Table 6.3 Trends in Input and Qutput Linkages by the Five

Sectors Most Closely Linked to Agriculture,l
Canada, 1966-1976

Input Linkages

1966 1972 1976
Food and beverages 0.19359 0.14244 0.14318
Trade 0.11779 0.05479 0.05181
Chemicals, etc. 0.08247 0.03269 0.04025
Petroleum and Coal 0.07665 0.04534 0.03845
Electric Power 0.04003 0.05071 0.02252

Output Linkages

1966 1972 1976
Food and Beverages 0.43209 0.32235 0.32034
Trade 0.08256 0.01521 0.01758
Leather Products 0.03422 0.01022 0.00925
Chemicals, etc. 0.02481 0.01067 0.00902
Wood Products 0.02453 0.00671 0.00756

1. excluding the industrial sectors with no water use, and the
agriculture sector 1tself.

v

Source: Appendix Tables F-1 through F-8.
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tion over the 1966-76 period, showing that fewer inputs per dollar of
final demand were required towards the end of the period. The output
coefficients also declined over this period, showing . that fewer
outputs were required of the agriculture sector per unit of final
demand in the five most closely linked sectors. This decline in both
input .and output coefficients demonstrates the increasing
productivity over time; which led to a decline in water use due to

"pure” changes in this factor.

The influence of final demand was large aﬁd {ésitive for both
water intake and gross water use. In the 1966-1972 period, this po-
sitive influence totalled 542 millien m3, decreasing to 467 million
m3 in the 1972-1976 period. Thﬁs, the net effect of final demand was
to increase industrial water use by about 1,000 million m° over the
entire decédq.

Changes in the water use coefficients over the period of
study showed a marginally negative impact in both the 1966-1972
period (=17 million m3)_and the 1972-1976 period (;4 million m3).
This effect occurred because the water use coefficients declined in
the majority of cases through this decade, showing a short-term trend
to increasing the efficlency of water use.

The regional effects of the three structural change patterns
over the period &966—1974 mirrored‘exactly the national patterns,
with negative Influences being shown by the production technology and

water use cofficlent factors and sErongly positive influences by the

final demand factor. For all factors, the influences were most
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strongly felt in the two western regions of the country, particularly
in the Prairies, where the bulk of the national agricultural water
use took place. The factor influences were weakest in the Atlantic
region. |
To summarize the findings for agriculture, changes in produc—
tion technology had strongly negative impacts on the sector's water
withdrawal and gross water use, both nationally and regiomally. This
finding implies that productivity improved . in the sector over the
study pericd, such that fewer inputs per unit of final demand were
required, as shown in Table 6.3. These decreaseé in water use
attributable to improvements in production technology were offset
more than completely by growth in final demand. This growth
indicate; that food production rose over the study period causing an
upward push in water use. This effect was felt most stongly in the
Prairie and B.C. regions, and least strongly in the Atlantic region.
The change in water use due to the water use coefficient factor was
negative, but minor in compariscn with the other two factors. The
3;egative effect attributable to the water use coefficient factor
indicates that the industry became somewhat more efficient in its
use of water over the period of study.

+ir

Mineral Extraction: Histograms showing the shifts in water in-

take and gross water use In the three mineral extraction sectors
(i.e. metallic metal mining, non—metallic metal mining and mineral
fuels) are presented in Figures 6.3, 6.4 and 6.5. Natiomally, the
the water intake coefflcient changes (Figpre 6.3) and final demand

changes exerted a2 positive influence on both water use
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Table 6.4 Trends in Input Linkages by the Five

Sectors Most Closely Linked to Mineral E:tractioq,l
Industries, Canada, 1966-1976

Metallic Minerals

1966 1972 1976
Trade 0.06595 0.02814 0.03304
Non-metallic
Minerals 0.05521 0.04462 0.04705
Chemicals, etc. - 0.05123 0.02330 0.02696
Electric Power 0.0489%6 0.03165 0.03565
Metal Fabricating 0.02985 0.00868 0.01029
. Mineral Fuels
Trade - 0.05818 0.02685 0.03301
Non-metallic
Minerals 0.05050 0.04616 0.05555
Electric Power 0.02908 0.01813 0.02664
Printing and
Publishing 0.02317 0.00972 0.01109
Chemicals, etc. 0.02220 0.00962 0.01344
y - Non—metallic Minerals T
4 b}
b3 .
Trade 0.09093 0.03802 0.03648
Petroleum and Coal  0.84549 = -0.02744 0.02848
Paper and Allied 0.04434 ™ ° 0.01271 0.01086
Chemicals, etc. 0.04164 0.01978 0.01959
Metal Fabricating 0.03147 0.00819 0.00753

l. excluding the Industrial the industrial sectors with no water use,
and the intra—-imdustry linkages. -

Source: Appendix Tables F-1 through F-8.

parameters for all periods under consideration. Between 1966 and
1972, they totalled 156 milliom m3, apd were even stronger between
1972 and ig76 (303 million o for the 1966-1972 pefisd, the positive
effect of thése two factors were more than offset by the negative
influences of production .technolqu (-159 milliom m3), with the
result that net total ﬁater intake dgcreased mar%}nally over the

period by 3 millien m3. The production technology factor reversed
. as ol ‘
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its influence in the 1972-1976 pefiod,?beCOming slightly positive,

- 'S
thereby -Teinforcing the effects of the water use coefficfents and

AS . -
-final demand. The same patterns of water use shifts were apparent

for gross water use, as shown in Figures 6.4 and 6.5.
As in the case of agriéultﬁre, the pattern of influence of
. .
the production technolog& facfor on wate? use shifts  is revealed by
examining the iuput‘and.output linkages for the three sectors of
mineral extractiom (Tables 6.4 and 6.5). Ounly the most important
linkages aré sbowﬁ‘iﬁ thé;e twoxtables, 'but a consisteut pattern is
-épparent. The coefficients fell overlthe~period 1966-1972 for all
linkages i; all three sectors of the industry. These ﬁecline; are

interpreted here as a movement to more efficient input use, which, in

turn, generated a negative shift in water use due to the production

technology factor. In almost all cases, this trqndl to declining

input coefficients was reversed between 1972 and 1976, with the
result that 'the water use shifts due to production technology became
positive, as shown in Figures 6.3, 6.4 and 6.5. The decrease between
1966 and 1972, however, was s#fficiently great to be the dominant ome
for the entire 1966-1976 period. o

Slight departures from the aggregated industry pattergs are
apparent I1n examinlng the individual sectors of mineral extraction
(Appegdix tables D-1 through D-16). fhe changa; in water use céused
ﬁy all factors between 1966 and 1972 reflect exactly those described
for the aggrégated data. Between 1972 and 1976, however, the water
use coefficient factor showed negative influéﬁces on water lntake in

the non-metallic metal mining sector, and on gross water use in the
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Table 6.5 Trends in Output Linkages by the Five . - 1
Sectors Most (losely Linked to Mineral Extraction
Industriess Canada, 1966-1976

-, -

1966 1972 1976

‘Metallic Minerals

Primary Metals except . -

Iron and Steel 0.45141 0.343140 0.36581°
Iron and Steel . 0.08770 0.08972 0.08783
Electrical Products 0.06948 0.03173 0.01180
Metal Fabricating 0.05618 0.03491 . 0.03854
Machinery : 0.04065 0.01804 0.01887

Mineral Fuels
Petroleum and CoalJ/ 0.38951 ° - 0.33 &7 0.35493
Iron and Steel - 0.03578 0.01914 0.02100
Chemicals, etc. 0.03363 0.02132 0.02291
Agriculture’ . 0.03334 0.01652 . 0.01485 -

Paper and Allied 0.02878 0.01536 0.01704

Non—metallic Hineralé

Non-metallic .

Mineral Products 0.06550 0.04484 0.04776 : he
Metallic Minerals 0.05521 0.04462 0.04705, -
Mineral Fuels 0.05050 0.04616 0.05555
Primary Metals ex!lept .

Iron and Steel 0.03032 0.01814 0.01992
Petroleum and Coal 0.02295 0.01714 - 0.02145

1. excluding the industrial sectors with no water use, and ‘the
intra-industry. linkages.

Source. Appendix Tables F-1 through F-8.

same sector and also in the mineral fuels sector. These patterns
amongst the.three sectors are attributable to the relg#ive change in
the coefficﬁeut; of water use. An interperiod decline in either
water intake or gross water use coefficients resu}ted.in a negative
resultant impac;g on total water use. In all but one case,

interperiod £inal aemand grew, thus causing the impact of final

demand on water use to be positive. Thsﬂﬁgception occurred in the
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mineral fuels sector for the 1972-1976 period. Various explanations
are possible for this negative trend, but are probably related to
falling demand for petroieum products “ an aftermath of rising

prices following the 1973 world oil erisis. -
With respect to regional Qater use shifts between'1966 and
1974, the influences of the structural change factors were somewhat
different than those déscribed‘for Ehe national data. The water use
coefficient factor had a large negative impact ;n both water iﬁtake
and gross water use. This effect was offsét by positi 'influencgs

. due to the fipal éemaﬁd and production fechnology fact§f§$>

Howévér, this pattern of shifts was due in part to an anomaly
in the baéic aata.- From Figures-6.3,_6.4 and B.S, it is clear that
Quebec doﬁinated all three types of shifts. The size of;the shifts
observed fé? the watér use coefficient and final demand factors are
;due in large part to a relatively low final demand amount for 1966 in
the metallic minerals sector. Specifically, final demand in this
sector totalled $17.2 million (in 1974 dollar valuess. I£f1974, the
- correspondiﬁg' figure was $244.é million. The relatively small-}966

valué gena@eted a relatively small output, and this’in turn caused a }'
relatively large water use coefficient for both water use parameters
(1.e. 2.2 million m3 per million déllars of dutput for water intake
. and 14.2 million m3‘ for gross water use.) In l§74, the EorreSpoﬁding
figures were 0.2 million m% and 0.8 millior m3. The net result‘of
this 1large contrast in wate; use coefficients'was to produce the

- dominaﬁing . negative shift.caused by the coefficlents and the large

positive shift due to the final demand factor. This anomaly was not

.
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'reflected in the national results, for the 1966 demands nationally

mask the effects of Quebec firal demand and output values.

Manufacturing: The effects of structural change on the manu-

'factﬁring sector’'s water use (Figures 6.6 through 6.9) is very
similar to that displayed earlier for agriculture. The generalized
results presented in these figures indicate that both the pr&duction
technology and the water'use coefficient factors were negative in
their influencé, and, while quite large, were offset 1in all but one
case by the final Qeménd factor. Water intake for the aggregated
manufacturing industry rose by 359 million m3 between 1966 and 1972.
This was the only period duriné which the effect of the w;ter use
coefficient factor was positive in its influence. Total manu-
facturing water use rose again by 264 million'm3 between 1572 and
l976,lmaking the totai positive chguge some 623 million m3 in the .
.enti;e 1966 to 1976 period. Patté};; 'ofk growth in gross water use
nationally were almost the same as for water intake. Only tée sigﬁ of
the water use coefficient factor for 1966-1972 changed.

& Changes‘ in production technology ;;re thé strongest megative
forces'on manufacturing water use o;er the decade of-study, totalliag
3 559 million m3 for water intake, and somewhat more than double this-
(7 902 million m3) for gross water use. The largést negative

/

Influence of production technology on both parameters was for the
. , . .

1966-1972 period. This pattern of influence, as in the other sectors

-

outlined to this point, is attributable to the patterns of change for

the Iinput and output linkages amoﬁgst the wvarlous sub-sectors of

manufacturing and between other major industrial sectors. These

!
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Table 6.6 Trends in Input Linkages by the Pive Sectors "
Most Closely Linked with Major Water Using

Manufacturing Industries,ICauada, 1966-1976

1965 1972 1976
. Paper and Allied
-Trade . ' 0.09800 0.04055 0.04090
Chemicals, etc 0.08279 0.04410 0.05251
Wood Products. 0.07394 0.05523 0.07461
Electric Power 0.06591 0.03794 0.04096
Perroleum and Coal 0.04947 0.02782 0.03094
Chemicals,etc.
Trade 0.09712 0.04375 0.03912
Paper and Allied 0.07632 0.03709 0.03244
Petrdleum and Coal 0.05314 0.03465 0.03583
Food and Beverages 0.05019 0.03236 0.02730
Electric Power 0.04570 0.02851 0.02621
Iron and Steel
Trade 0.08917 0.04597 0.04837
Metallic Minerals 0.08770 0.08972 0.08783
- Primary Metals except
Iron and Steel 0.04936 0.03741 0.04073
Electric Power - 0.04322 0.02861 0.03267
Metal Fabricating 0.04246 0.02435 0.02932
Petroleunm and Coal
Mineral Fuels 0.38951 0.33437 0.35493
Trade : 0.09712 0.02201 - 0.02500
Chenicals, etc. 0.04177 0.03592 0.03513
Metal Fabricating 0.03181 0.01397 0.01424
Electric Power 0.02435 0.01542 0.02055
- Food and Beverages
Agriculture 0.43209 0.32235 0.32034
Trade 0.12351 0.05647 0.05430
"~ Paper-and Allied = . 0.07737 0.04533 0.04245
Metal Fabricating 0.06080 0.03142 . 0.03212
Chemicals, etc 0.05391 0,02164 ) 0.02271

l. excluding the industrial sectors with no water use, and the
intra-~industry linkages.

Source: Appendix Tables F-1 through F-8.
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Table 6.7 Trends in Output Linkages by the Five Sectors
Most Closely Linked with Major Water Using

Manufacturing Ind&btrieBICanadq) 1966-1576

1966 1972 1976
Paper and Allied

Printing, etec. 0.38503 0.20705 0.18258
Food and Beverages 0.07737 0.04533 - 0.04245
Chemicals, ete 0.07632 0.03709 0.03244
Rubber and Plasties 0.07385 0.03161 0.02946
Trade . 0.05390 0.01805 0.01429

. Chemicals,etec.
Rubber and Plastics 0.23158 0.14015 0.15127.
Paper and Allied 0.08279 0.04410 0.05251
Agriculture - 0.08246 0.03270 0.04015
Textiles 0.06244 0.02899 0.02496
Leather . 0.06028 0.02940 0.03350

a Iron and Steel .

Metal Fabricating 0.29988 0.18970 0.17584
Machinery . " 0.14027 0.07412 0.07501
Primary Metals except .

Iron and Steel 0.09035 0.06539 0.05608
Electrical Products 0.08974 0.05470 0.03929
Transportation

Equipment 0.08510 0.04833 0.03927

. Petroleum and Coal
Agriculture 0.07665 0.04534 0.03845
Chemicals, etc. 0.05314 0.03645 0.03583
Paper and Allied 0.04947 0.02781 0.03094
Food and Beverages 0.04691 0.02142 0.01870
Wood Products 0.04640 0.01677 0.01656
. Food and Beverages
Agriculture 0.19359 0.14244 0.14318
Chemicals, etc. 0.05019 0.03236 0.00273
Leather _ 0.06885 0.03105 0.02844
Trade 0.03991 0.00790 - ¢.00792
Wood Products 0.02987 0.00942 0.00957

1. excluding the industrial gectors with no water use, and the
intra-industry linkages.

Source: Appendix Tables F-1 through F-8.
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linkages were quantified in Tables 6.6 and 6.7 for the large water
using manufacturing sub-sectors. The selection of the top five
' sub-sectors was chosen §0 as to account for a large percentage of

manufacturing water use. The linkages fell _uniformly between 1966
and 1972, denoting a movement toward more efficient use o;-inputs and
outputs for these sub-sectors of manufacturiﬁg; thereby causing large
negative influences on water use. The predominant, but not uniform,
trend for the 1972-1976 period was for a slight incre%se in the value
of the linkages.* The net effect in this latér period was a megative
influence on manufacturing water use, but a much smaller one than in
the previous pericd. i

The final demand factor was a large, positive influeace on na-
tional industrial water use during the entire-per;od, totalling about
4 660 million m3- This influence was somewhat more than twice as
strong in the 1966-1972 period (3 504~million m3) as in the 1972-1976
period. This positive effgc% was at;ribézibie to the positive g;owtﬁ
in final de;and level§_éyer Eﬁe period of study.

_ Changes in water use due to the impact _Sf the waté: use
coefficient factor were largely negétive in t?eir’;mpaéf on total
changes in manufacturing water use. This negative influence occurred
because of the apparent declineAin a majority of the water use
coefficlents. These declines attest’ to "lmproving efficiency én
industrial water use over the decade of study.

Regiongi water use changes in respomnse to the "structural

change factors (Figures 6.7 and ' 6.9) mirrored almost exactly the

national patterms.  In total, the negative impact of the water use
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coefficient factor was relatively larger for the regional data than
for the national data. FPor water intake, it totalled -6 755 million
m3 as compared with =3 701 million m3 for the production technology
factor. ?or the pational data; the water use coefficient factor
totalled only -479 million m3, as compared to -3 559 mil®on m3 for
the production technology factor. Reglonally, the final demand
factor's influence on manufacturing water intake (10 952 million m3)
offset the negative ‘influences of the water use coefficient and the
production technology factors. The net effect of ail three féctors
was to raise manufacturing water_ intake over the 1966-1974 per;od by
496 million m3. The patterns'.of structural change influence on
gross water use were similar to those outlined for water intake.

For the most part, Ontario was the most significant region
contributing .to the observed ghanges in water uSe due to the three
structural change factors. Howevgr, this region accounté&.for ~total
changes of o;ly 77 pillion o> in water intakes an; 284 million o> in
gross water use over the 1966-1974 period, due to the intgraction of
the three factors. The dominance of this region with respect to the
individual structurally induced water use chaﬁges was to_be expected
since the Ontario region coﬁtained the largest proportion of Canada's
manufacturing industry and accounted for the largest proportion of
total water use. ' ?he highest total change in magufacturing water use
(246 million'm3) occurfed in the Atlantic region, ahead of not only
Ontario, but‘ also é;ebec and B.C., all of which contained more

manufacturiu%’activity. In the latter fhree'regibns, the changes in
. . 1 ‘™

water use due to production technology were relatively large (in a
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_negafive direction) as compared to the Atlantic region. This

indicates that production technology was becoming relatively more
! .

efficient in these three regions than 1t was In the latter region.

' The changes in water use due to the varlous structural change factors

in the Prairie region were relatively small in comparison to those

for the other regious.

Detailed data on the influence of each type of structural
change on manufacturing water use have been tabulated in Appendix D.
For production technology the shif;s:'fﬁ water use were almost
'uniformly negative. Minor exceptions o urred.’~to 4:his
generalization, but these were negligible in their impact on the
iuaustry-widé results. The influence of final demand was
overwhelmingly positive, ﬁith'the only exception ﬁccurring in the
leather products sector in the 1972-1976 period, and in the 1966-1976 .
period as a whole. .

The direction of the changes in water use due to the coeffi-
cient factor was slightly more variable, but was 'most freqﬁently

Legative. Individual variations were attributable to the interpefiod

e

changes in tﬁe waggs use coefficients. Ip cases whefgﬁﬁzhé
gpd-of-period coefficient was greater than that for the beginning-of-
period, the influence of the coefficient factor on total water use.
was posi;ive. In the opposite case, the influénce was aegative. The
férmer case is interpreted here as a movement tq less efficient water
use; the latter to more efficient water use. '_52

In  summary, the pro&uétion technology factor was

overwhelmingly negative in its impéct on both water intake and gross
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water use  over the perlod of study. This finding held true both in

Canada as a whole and in the regions. Examination of input and

output 1linkages showed that the trend over this period was for a

movement to increasing the efficiency.of input use. The final demand
factor was élmost ﬁniformly positive in its influence on
ﬁanufacturing water use; a direct consequence of final demand growth
over the study period. The third factor, qwnter use coefficients,
exhibited a negative, but slightly more v&riable influence on total
water use, aécording to whether wafer use became more or less
efficient through the period of séﬁdy. The net result of the three
factors acting together.p:oduced an incregse in manufacturing water

use.

Electric Power: For the electric power genmeration industry,
the statistics on water intake and gross water wuse shifts (Figures
6.10 and 6.11) are identical, since there was no water recirculation

at any Canadian plant during the périod of study. Water wuse
-

increased ‘nationally during both the 1966—12]2 pexiod (by 2 761

million m ) and the 1972—1976 period (by 3 843 million m )

V Both the final demand and the water use coefficient factors
of structural change ‘were positive in their influence on the
industry's total water use, gnd comb;ned, they produced .2 total

upward change of just under 8 300 million m3 over the 1966-197§

period. These shifts were in response to increases in both the water
- : - "

use coefficients and and in final demand over the period. The change -

in water use coefficients was most pronounced during the 1972-1976

pericd, producing an upward shift of some 1 129 million m3. The
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greatest Iimpact of the final demand factor was felt in the earlier

period (4 343 million m ) ‘Both changes were directly attributable

)

to the relative changes in the respective variables. g

The positive influences of the water use coefficients and

"final demand levels were offset by ja negative change due to the

"influence of production technology (-1 680 million m3) This was the

only factor at the national lé)el to show a sign reversal over the
decade, being large and neg%tive in «the 1966-1572 period, and small
and positive in the 1972-1976 period. The input ahd output linkages
for the five sectors most strongly linked to the electric power
industry (Table 6.8) were somewhat mixed in.their direction of
change. For three of the industries; a steady decline in the imput
linkages attested to the growth in efficiency of electric power use
over the 1966 ~1976 decade. For the petroleum and coal, and the wood
products industry, input linkages grew during the 1972-3sz
period, showing a reversal in the efficiency of electric power usage.
« In fact, the reversals in the latter two industries were sufficient
to produce the 'positive production technology influence‘shown in
Figures 6.10 and 6.11. This same pattern was not, however, apparent
for the output linkages. -

.The regional pattetns of Influence of rthe various_ structural
change factors ia the 1966-1974 period were notably different from
the nationai pattern. The production -technology and the water use
coefficient factors were alnost uniformly- negative in their

influence on total wlter use, the ounly exception occuring in the case

¢f Quebec with respect to the water use coefficient factor.



1?3 ) \
Final demand, as in the case of the national re}ults was constantly
positive in its influence. The net result of) all factors acting
together was to produce a rise in national water use of 4 681 million

m3 over the 1966-1974 period.

e

Table 6.8 Trends in Input and Output Linkages by the Five ‘

Sectors Most Closely Linked to Electric Pcwer,l
Canada, 1966-1976

Input Linkages

1966 1972 1976
Mineral Fuels 0.02501 0.01845 0.00252
Trade - 0.01934 .0.00825 0.00802 *
Metal Fabricating 0.01598 0.00518 0.00445
Petroleum and Coal 0.01361 0.01261 0.18535
HWood Products 0.00744 0.00075 0.00237
Output Linkages o

Paper and Allied 0.06591 0.03794 0. 4096
Primary Metals except

Iron and Steel 0.05101 0.03216 0.03393
Metallic Minerals 0.04896 -0.031%5 0.03565
Petroleum and Coal 0.04570 . 0.01543 0.02055
Non-metallic )

Miqg;al Products 0.04564 0.02580 0. 02757

1. excluding the industrial sectors with no water use, and the
intra-industrial linkages.
Source: Appendix Tables F-1 through F-B

In summary, the final demand factor was a large positive
influence on water use in the electric power industry over the study

perlod. A steady, strong final demand for power was responsible for

this influence. The production technology factor, related directly

to the nature of the input and output linkages was an almost
uniformly negative influence on total water-ﬁse in the industry. The
water use coefficlent factor natiomally was a poslitive influence in

.the growth of Industrial water use, but was negative in its impact

-
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regionally.

Irade: It will be recalled that the category “other water uses” used

in the tables of Chapter %ive contained only one sector, wholesale
N—f,

and retail trade, which had recorded water use data. . For the

purposes of the current diécussion, this industry -is referred to as

the "trade” sector, data for which are given in Figure 6.12 and Table

.6.9.  The patterns of influence of the structural change factors om

water use in the trade sector were very similar to those observed for -

’

the other sectors, and are only summarized here.

The final demand factor for both nationalrahd regional data sets was

poéftive in its influence on the trade sector's waﬁer use over the
period of study. The influence of this factor, in fact, governed the
(poéitive) change iu total water use. Offsetting the positive
effects of the final demand factor were the production technology and

the water use coefficient factors. The former's influencg was due to ;’*"

*
the pattern of change in the input and output linkages (Table 6.9);

while the latter's was' due to the fall in-the water use coefficients

Y

over the study periéd. Minor and insignificant exceptions to the
water use coefficient effects occurred in the Atlantic and Prairie

regions.
& o«

Summary of Structural Changde Effects on Industrial Water Use: Taken

-

" £1nal demand over the study period, the final demand factor acted to

across all of the industries in ‘the system, the effects of the three

structural change factors is quite consistent. In response to rising

o~
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1. excluding the industrial sectors with no water use, and the

146 N

Table 6.9 Trends in Input and Output Linka es.B the Five 1
Sectors Most Closely EIEEeE to tEe Trade Sector,

Canada, 1966-1976 -

ngput Linkages’

1'%66 1972 1976 .
Agriculture 0.08256 0.01521 0.01758
Paper and Allied 0.05390 0.01805 0.01430
Petroleum and Coal * 0.04194 0.01178 0.01180
Fodd and Beverages 0.03991° 0.00790 0.00792 .
Metal Fabricating 0.03768 0.00698 0.00636

K Cutput Linkages

Paper and Allied 0.06591 0.03794 - 0.04096
Primary Metals except .
Iron and Steel 0.05101 0.03216 0.03393
Metallic Minerals 0.04896 0.03165 0.03565
Petroleun and Coal 0.04570 0.01543 0.02055
Non-metallic o
Mineral Products 0.04564, '0.02580 0.02757

’

iantra—industrial linkages.

" Source: Appendix Tables F-1 through F-8.

Increase indﬁétrial wéter.use, and, was usually the factor }which
governed. the sién of total water use change: - The 'p}oduction
technology factor acted to offset the effects of the £final demand
factor, and, acting as the sole agent of water use chépge,_would have
decreased substantially the, level-of total water use in nearly all

I1andustries and over nearly';ii‘time periods. This negative influence

. was traced to the patterns of change in the most important input and

output linkages acting in.each sector., The influence of the water

use coefficients was usually negative ; and was somewhat more

variable in its impact on water use. The size gnd sign of the water
use change< attributable to .the coefficient factor was traceable

directly to the relative change in the coefficients of water use in
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r

each individual sector. The water use coefficlents are an index of
the efficlency of. water use in each industry. Over the study period,
it is'clear that, in many cases, the efficiency of industrial water
use improved. However, this generalization is weakened somewhat by

the many exceptions to it which occurred.

~ 6.2.3 Dominant Directions of Structural Influence on
Industrial Water Use

To confirm the results of the previous section, the Kolmogo—
rov-Smirnov technique was used. The data on water use shifts were
pooled ecross all reglons and the country as a whole, and across all
time periods for the purposes of this analysis, the results of which
‘are shown in Table 6.10.

0f the 348 ;ets‘of.water use shift data, just over 677 showed
the doninant'pattern of change, that 1s, a positive influence of the
firal demand factor, combined with the negative influence of produc-
tion technology and water use coefficient factors. The test confirms
that thig pattern 1is statistically significant at above the 99% level
of probability. .This finding adds strength to the overall

-

- observation made in the previous section that the growth In indus-

trlal water use over the study period was compecsed in most cases of

an upward tredd due to growing final demand, offset by downward

pressures due to production technology and factors related to the way

in which industry used water. The second most important pattern of
W ™y

change was different from the predominant pattern in that the water

use coefficient influence was positive. °
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Table 6.10 Results of the Kolmogorov-Smirmov Test on
. Water Use Shift Statistics, Canada and Regions,
1966-1976 - ’

Sign Combination Percent Frequency of Occurence

Null Hypothesis Thesis Result Difference

. _ : (absolute)
+/+/+ 0.125 T 0.023 - 0.102
+/+/- 0.250 0.233 0.017
+/-]+ +-0.375 0.236 o7 0.139
+/=/- £.500 0.236 0.264
~/+/+ 0.625 0.293 0.332
-/+f- ‘ 0.750 0.968 0.218
-/-/+ 0.875 0.991 0.116
=-/-/- 1.000 1.000

H: signs are uniformly distributed.

A: signs are not uniformly distributed.
Number of cases = 348

D = 0.332

Reject mull hypothesis (H) 1f D>= (.087
Therefore null hypothesis is rejected, and the thesis pattern 1is
significantly different from a random distribution.

N

where: the first sign in the combipation pertains to the direction
of influence of the water use coefficient factor;
the second sign of the combination pertains to the direction
of influence ot the final demand factor; and
the third sign of the combination pertains to the direction
of influence of the production technology factor

6.2.4 Least Squares Analysis

Sixtee; analysés were carried out using the step—ﬁise least
squares technique. The results are shown in Table 6.11 for banada as a
whole and tables 6.12 and 6.13 for the five regions. B} aading the
variablés to the regression equafion in order of their contribution to

explaining . the. total variance, the relative importance of each
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structural change factor in contributing to the change in total water

use was derived.

For the six sets of national water use shifts, the figal demand
factor was the one most highlf correlated “with total water use 'ch§nge
in five of the six cases (Table 6.11), with -the gross water use shift
factor being most important in the remaining case. For the 1966-1972
and the 1966~1976 periods, the R2 coefficients for the final demand
factor used alone were over 0.9 for water intake, and over 0.7 E:;
2ross water use. For the 1975—1976 period, the power ;f explanation of

the final demand factor was somewhat diminished, as shown by the

1

o
reduced R2 coefficient. In fact, for gross water use, the final

demand factor ;as superseded in importance by the water use coefficient
factor. The F statistic for the least squares analysis using only the
final demand factor was significant at over the 99% level of
confidence in all cases for the national level results.

For all of the npational Ilevel analyses, the production
technology factor explained only a small, but significant, amount of
variance in the dependent variable, that is, the ch§nge in total water
use. The F statistics obtained using production technology as the only
independent variable showed significance at the 99% level in all cases.
The water use coefficient factor was also 1.significant in the all time =
periods.  For the decade as a whole, all independent variables were
significant in explaining the change in total water intake.

For the régional data, the -final demand variable was most im—

portant in six of ten cases in explaining the change 1in total water
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use. In the other four cases the production technology factor proved
sligly more important. Only in B.C. did the final demand factor prove

insignificant (once) as an explanatory variable 1n total water use

1

chahge. : ' i

6.3  SUMMARY

This chapter has described an empirical test ofﬁthe framework !

developed in Chapter four for analyzing the effects of structural

= .

change on industrial water use. The economic data and the input- cut—-
put tables were obtained from various Statistics Canada sourées, uhlle
the w;ter use data were based upon original survey work conducted ', by
the author. The final demand factor was the major positive factor in
the growth of water use over the study period. ThisApositive_influence
was offset by the negative effects of the production-technologx;and the
water use coefficient factors. The least squareé analysls showed that,
in the majority of cases, final demand ‘changes were most closely

correlated with changes in industrial water use.

~
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CHAPTER VII

CONCLUSIONS, IMPLICATIONS AND RESEARCH DIRECTIONS

The research reported in this thesis has led to a number of
. 5 -
conclusions. These conclusions I1n turn have implications for water
-~} - :
resource management, for geography-as a field of study and for future

reseach. Each of these suﬁjects is™@ealt with Iin this chapter.

4

7.1 CONCLUSIONS

. ~
The conceptual basls used in this research considered changes

in industrial water use as a resppnse to changes im the structure -of

. -

the industrial base. (i) The first structural change factor, allied

' ' -
with supply and demand conditlons, was related for measurement purposes

N

to changes in final demand in the input4output_analysis sense. (11) A

second structural chamnge factor, related to the 'prodﬁctivity and tech-

nological conditions of the industrial base, was linked to changes in

-

the coefficients of the inverse matrix of an inédéfoutput table. (iii)?

L . ' - %
A third structural change factor, related particularly to water use,

was measured by variations in the water use coefficients from period to
period. The result of employing & model based upon this conceptualiza-

tion was a partitioning of changes in industgéal water use over time
‘ : B ) g (P\\-‘-s-u. - -~ ) -
into water use shifts att;ibutable to each ﬁiﬁé&tutal-change féctoi;)
-
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The technique developed has several.analytical advantages. It
is based upon a general equilibrium model of the economy, in which in-
dustries are interlinked. By cs;ng such a model, interin&uétrylimpacts

of changing econOmic conditions, production technology conditioﬁs, and
water use conditions can be - measufedl A second advantage lies in the
measurecent of technological change impacts on iﬁdustrfhl water use.

Technological conditions have often been touted as’importaﬁt ia chan-
ging water use (for-example, Canada, 1968, pp. 90-99), but have, proven
difficult to ;easure in an aggregate sense (Canada, 1973a, pp. 6-7).

Third, the technique offerq insights into. the Interplay of factors
during interperiod changes in industrial water use. These insights

-

are usefdl in suggesting areas of further research. - Fourth, the

_ technique accounts for the total variation in water use between

A

., N
periods, thereby ‘removing some of the uncertaiaties involved
particularly "in forecasting industrial water use. There arc also

sigﬁzgicant disadvantages  to thc technique, which will be dealt with

later in this, chapter. ?

~

The principal £indings of the test cases conducted using the -

structural change model related to ‘the various shifts in water tuse
which occurred -.between varlous periods and across regions. The ghifts
due to the final demand factor of structural chaﬂge were overwhelmingly
€Psitive in nature. They were offset partially, but not entirel;, by

negative shifts due to the production technology and the watér use

- p . N

coefficienﬁefactor.- This pattern of water use shifts apﬁ}ied in over
| . ) . :
67% of the cases analyzed in the empirical teSt. The water use coeffi-

clent factor was the least consistent with respect to its &ireétion of

LY
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influence. Taken across all industries for the:variéus time periods,

the final demand factor explained the highéét amount of variance in

total water use in all of the naﬁiongl analyses and in 60X of the

regional analyses. For the other 40% of the regional analyses, the
production technology factor proved to be most clésely correlated with

éhanges in water use. '3
The primary cause of the positive sghifts in water use due to

c——

. - 'r):
the final demand factor was the grcwih over. the study period of the:

-

~demand forkindustrial products. Ihe study péiiod was a time.‘of éipanr
sion for .éhé Canadian economy in generzl, due to rising populations,
, rising per capité incomes and rising‘world'demand, parficularly in the
‘prim;ry resource seétors. Towards the end of the period, economic
growth had begun to §low. down, in respomse to factors such as tﬁe
effects of large increases in energy prices.‘ Thg e;rliéf growth peried
‘and the slowing down of the economy toward 1976 and beyond, are both
reflected In the final demand patterns used in the case study.

Particular pattéfns inf;particular industries remain unaddressed ﬁere,

but the overall patégrn of final demand change 1is clearly related to

\
overall world eqdngmic cog?ffions.

The negative infiuence of the production technology factor was
linked to relatively large overall decreases in the input and output
Q/Iinkages amongst the wvarlous iIndustries. Admittedly, this is a
somewhat incomplete argument in éhat, “while the effects are beyond
question in the majority of cases, the causes: of these incfeased
efficiencies éemain ug;;plained. To- attempt a*gefinitive. analysis
would involve a detailed industry-by-industry examination of conditions

/’ .

¥
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in each industry, which 1s beyond the scope of this study.

As shown in.Table 6.15, in 266 of the 348 individual mets of

B .
measurements relating the water use shifts to structural change

factors, the influence of the water use factor was negative. This

-

seems to indicate an interﬁgﬂiaéé term shift’ toward ;;?E//efficient
- .
water use on the part of.iudustrf. Recent federal government support
of the World Comservation Strategy (U.N., 1981) calls in part for the
measurement of movement toward or away from resource comservation. The
results obtained here seem to sugéest that water use on the part of
industry became generally more efficiént over the studf perlicd. Jhis.
f;nding\is weakened somewhag by the fact that the 1966 water uge data
were estimafed, not measured}_ however, several;fttempts were made to
carry out these estimations, and the one adopted is comsidered the‘kest~

possible, given the data available. Thus the conclusion related to

increasing. wateéfr use effiéiency must be qualified by assuming the

validity of the 1966 water use estimations. Verification or rejection

of this finding amust await the av§ilabilf%y of better time series data.

This finding can be restated in terms of factor subs;;tut-
ability. It was suggested ;Q Chapter 3 that a process of adjustment
occurs in industriai'watér'use as the price of water increases. Oﬁe of
the factors of adjustment was suggestéd to be factor substituti;ﬁ.‘

While¥the.current research did not.deal with water pricing ad justments,

it did demonstrate that the same substitutability mechanism operdtes as

industrial structure changes. .° Moreover, . the _fesearch enabledf

.

calibration of the ﬁechanism. 7

-

W . . .

)]

-
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7.2  IMPLICATIONS OF THE STUDY FOR WATER MANAGEMENT

A primary and fundamental implication for.water management ig
for the importance of establishing and maintaining time series data od
'éinadian water use, similar to those llected oo physical’ aspects
(e.g. streamflow) o£ the resource. rimary data collection on

| industrial water use began in 1972, a il} likely continue into the -
;ﬁuture.“ Although the data were not collected with this particular

.

plete of research in mind, the work was enhanced by the avallability of

L

the data. The perspective obtained on the process of water use change _ \\
would not have been possible without these previous data collection

efforts (Canada, 1979,"1983). This résearch is the first of its kind, - i

-

to the author's knowledge, to compile and use a time series of strictly

Canadian water use data. ‘ -
A second implication for water management 1s the potential use

19
of the model for water use forecasting purposes. The least squares

- . N - * !

regression results showed that all three  of the structural change
factors were important tg varying degrees in accounting for the total

variance of industrial water use over the period of study. This

use forecasts‘_should not 'be_carried out simply by on the basis of an /4/

extrapclated set of final demands. Rather, forecasts should take into
»

- accquat t“e changing structure of the industrial base and anticipated
‘-ﬁ

changes in the efficiency of water use in individual industries. This

3

suggests the need for forecasting the input—-output structure of the

economy as part of the water use forecasting process.

A.third implication for water management is the finding that ‘__//

.
~

r &
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the production technology factor exerted a negative ‘influepce‘ on
{ndustrifl water use. This: finding suggests that trends in production
technology, at‘%easg during the study period were toward production

patterns which became more efficient with respect to their use of
P .

water. This,; in turn, implies that water use can be  influenced by;

technological decision-making. In instances where ﬁatér shortage
either occur or are anticiphted, production patterns can be adopted t

be consistenf;)ith the’ambient water availabiiity conditions. In other

‘words, ‘water availayility need not be a constralot to ecconomic

' aih
development, at least in Canada and its .Teglons. This "water as an

economic development” arguemgent has been expressed in the past as a

-justification for developﬁent of large supply manipulation works. The

findings of this reseach suggest that adaptation is feasible to water

shortage conditions and that masslye water transfer schemes, based upon
- ) . e v ' " ’
the "need” for-water for economic development, are not warrented until

the possibilities for adaptation to water shortage,conditions-have been

implemented, particularly in view of the environmental disruptions
which normally attend large water development projects.

7.3 IMPLICATIONS OF THE RESEARCH FOR GEOGRAPHY

2

Resource management studigg have been carried out by ?eogra—
phers since the inception of geography as a field of sédd§f More Te-
cent Canadian studies by geééraphefs in ihe wate; use and demandafiela
have been by Sewell (in Canada, 1968), Grima (1972), Lee (1969), Sewell

and Roeche (1974}, Mitchell and Leighton (1977), and Robimson '(1979),



L
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as well as several by the author 11mself. In expanding the research
base of water use studies, this | research has expanded upon a° well
established tradition in geography.

The study has shown the usefulness of a time-series inventory
of industrial water use. Inventory—type activities have been a most
common geographical theme ip land use studies. As mentioned in Chapter
one, a parallel 1s thought to exist between land_use‘aud water use
studies with respect to the valge of inventory-type activities. In the
;ame ménner that basic land use data are important for lan@ management,
so also are water use studies 1mportant for water m;nagemen;. Sewell

and Foster (1981) wrote of .an emerging ‘Canadian water 'crisis. If,

indeed, that particular viewpolnt is assumed, water use Lnventories,
”~ ' o

and the studies built upon fﬁhm} will be of central importance in water

1

management. in the future:

"The study has als; contributed to the interdisciplinary. nature
of geﬁgfhphyaas a' field of study. By adopting the I1nput-output
approach, a té;hnique developed‘and used mostly in economib-(especially
regional) studies, the research is a blend of economic and geographical
methods. This study is not,. by far, the first ome to UBe input-output
analysis, but the fact tﬁat meaningful conclusions have emerged proves
once agaln both‘the ve;aitility of the technique'and the value of in-

terdisciplipary studies. \\% ‘

. / . )
As indicated ;5\_Ebépter two of this thesis, geographers have

done much work in tWe area of structural change. -@he research conduc- -

ted here expands this research thrust into the area of resource manage—

ment, which has seldom” been done ir previcus research. The fact that

" "\
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meaningful results have emerged demonstrates that the structural change

theme of geographical research i1s a fruitful ome.

7.4 RESE%RCH DIRECTIONé

One of the main furposes for undertaking this study was o ex-
pand the theoretical base of water use.stuﬂies. Numerous resgarch ap4
proaches used in theApast were explored 1; Chapter three,-but none of
thgseihad focussed on structural change as a theme for the analysis of
water use. By abstracting the main factors involved in gtru;;ural
change and by developing an operatlonal framework within which to test
the impact of these factors ;n changing‘industrial water use, the study
has achieved a modest contribution to the conceprthal nature of the

field.

De ﬁono {1967) wrote that thinking 1s composed of both vertical .
and lateral activities. The vertical activity Iinveolves expandipg upon
work accomplished by others; in de Bono's somewhat homely analogy, this
involves "digging in a previously dug hole”. Lateral thought, on the
other héﬁd,linvolves exploring unew directions, or starting a “new

hole™. This research is a blend of the two types of activity. In
=
/

basing the work~on an Inventory type of study, the research is based on

a well established research activity, both in geography and in water

o

panagement. In investigating structural change as a framework against

which to view changes.in industrial water use, the -study has used a

lateral type of approach.

There are shortcomings to the rese§rch Teported here, and a

il

brief discussion of these suggests futu}e research directions. Perhaps

- -

NI
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the major shortcoming was the problem of time series data compllation.
The 1966 industrial water use data were estiﬁateq using 1972 survey
findings and an extrapolation method. This estimating prqcedure was
forced by the lack of adequate Canadiaﬁ time series data. To confirp
tﬁe findings of the study, the test cases should be redone as more dgta
become available. The availability of new daﬁa would eliminate the
need for using the estimated dafa for 1966. -

Second, both the indﬁgtfial disaggregation and the-spatial
units employed in the study are rather broad, and were adopted in view
of data availability considerations. The cost of‘ preparing
inbutfoutput tablg at a suB-regional level 1is currently prohibitive,
but, should this become possible in the future, the -study should be
augmented to explore the possibilities of sub—regionalivariation in tﬁe'
structural changé’effects.

Third, although production techmology proved to be an important
factor. in influencing industrial water use, and although the reasons
were traced back to the nature of the input and output linkages acting
in the industrial system, the study still tended to see prbduction
technology iz a "black box™ fashion. In other words, precise reasons
underlying the.changed indqst;ial linkages were not explored. This is
a common re;earch problem in that the selection of how far back to
trace effects dep;hds very much upon overall purposes, s¢0pe'of the
enqﬁ?ry, spatial scale,énd resources which can be devoted-to the study.

_ .

For present purposes, the decislon was made, - Eonsidering all these

factors, to conduct the study at a fairly broad scale. Work now could

~

4
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be carried out in detail on the reasons behind the structural effects

on ind#striél water use wﬁiph have been observed in each industry.
Finally, the modei\used here 1s a versatile one <dndeed, as men-—
tioned earlier. Although primarily a structural change model, it does
have direct appli;ation to water use forecasting. By proiecting the
inp&t output structure and the f£inal demand conditions, the model
provides a good framework for analyzing future water .uses. Osce
coﬁputerized, a wide range of final demands and waté;? use coefficients
can be examined with ;zéard_to their impact on nafisnal and reglonal
water uses. With'interregionai linkages incorporated, the .iﬁpacts of
growth in any one reglon on any ;f the other regions can be znalyzed.
An extension to forecasting industrigl waste loadings can Be readily
incorporated into the framework. In sum, the research has achieved both
observaticns and conclusions about the primary subject of concerm, and

has also spun-off a number of promising research directions fro be

followed in the future.

&

-~

nr
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Throughout Appendix A and
industries used in the tables hav

Appendix A
Industrial Water Use Data

General Notes

subsequent appendicies, the set of
e been referred to by number. The

following list describes each numbered industry.

' Industry Number

[ % 3 o]

W o~ 0w b

10
11
12
13
14
15
16
17
18
19
20
2]
T22
23
24
25
26

27
28.
29
30

‘Note that this list has
when reviewing the appendicies.’

DescriEtion
Agriculture
Forestry, Fishing, Hunting
and Trapping
Metallic Minerals
Mineral Fuels
Non-metallic Minerals
Food and Beverages
Tobacco Products
Rubber and Plastics
Leather Products
Textiles, Knitting Mills and Clothing
Wood Products o
Furniture and Fixtures e
Paper and Allied Products
Printing and Publishing :
Primary Metals, except Iron and Steel
Iron and Steel
Metal Finishing
Machinery
Transportation Equipment
Electrical Products
Non-metallic Minmeral Products
Petroleum and Coal Products
Chemicals and Chemical Products
Miscellaneous lManufacturing
Construction
Transportation, Communication
and Storage
Electric Power
Gas and Other Utilities
Wholesale and Retail Trade
Other (i.e. Finance, Insurance,
Real Estate, etc)

also been placed 1n the endpapers for reference
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Table A-1 Industrial Water Use, by Parameter, Canada 1966
(million cubic metres)

Recircu- Gross Consump—- Dis-

Intake lation Use tion charge

Industry 1 3193.18 0.00 3193.18 2285.13 908.05
Industry 2 0.00 0.00 0.00 0.00 0.00
Industry 3 170.17 1633.25 1803.42 14.36 155.81
Industry & 42.00 67.88 109.88 37.94 4.06
Industry 5 152.49 188.11 340.60 . 33.82 118.67
Industry 6 349.85 148.13 497.98 23.06  326.79
Industry " 7 0.00 0.00 0.00 0.00 0.00
Industry 8 262.57 82.87  345.44 2.06 260.51
Industry 9 ~4.01 0.44 3 4.45 0.27 3.74
Industry 10 94.86 34.62 129.48 3.34 91.52
Industry 11 152.20 37.69 189.89 4.57 147.63
Industry 12 0.46 0.16 0.62 0.02 0.44
Industry 13 2811.41 5991.64 8803.05 101.61 2709.80
Industry 14 2.82 32.19 35.01 0.00 2.82
Industry 15 384.51 544.45 928.96 9.12 375.39
Industry 16 1375.58 B47.89 2223.47 37.76 1337.82
Industry 17 35.41 42.28 77.69 1.36 33.80
Industry 18 .. B.40 6.25 '14.65 0.61 7.79
Industry 19 178.94 79.61  258.85 7.44  171.50
Industry 20 30.07 54.27 84.34 0.79 29.28°
Industry 21 131.51 121.05 252.56 5.78 125.73
Industry 22 609.08 679.66 1288.74 30.74 578.34
Industry 23 1618.13 1942.59 3560.71 99.67 1518.46
Industry 24 0.00 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 6559.23 0.00 6559.23 71.27 6487.96

Industry 28 .00 0.00 0.00 0.00 0.00 .
Industry 29 771.39 0.00 771.39 0.00 771.39
Industry 30 0.00 0.00 0.00 0.00 0.00
TOTAL 18938.27 12535.33 31473.59 2770.72 16167.30

Source: Appendix B, Table 1
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Table A-2 Industrial Water Use by Paraneter, Canada 1972
(million cubic metres)
Recircu- Gross Consump— ngL
Intake lation Use tion charge
Industry 1 2854.50 0.00 2854.50 2042.65 811.72
Industry 2 0.00 0.00 0.00 0.00 0.00
Industry 3 160.56 1540.97 1701.53 13.55 147.01
Industry & 42.4] 68.55 110.97 38.32 4.09
Industry 5 159.06 196.20 355.26 35.28 123.78
Industry 6 380.08 160.92 541.01  25.05 355.03
Industry 7 1.23 6.77 8.00 .0.32 0.91
Industry 8 353.90 111.69  465.59 2.77  351.13
Industry 9 3.36 0.36 3.73 0.23 3.14
Industry 10 127.83 46.64  174.47 4.50 123.33
Industry 11 175.29 43.41 218.70 5.27 170.02
" Industry 12 1.23 0.41 1.64 0.05 1.18
Industry 13 3094.26 6594.46 9688.72 111.83 2982.43
Industry 14 3.59 40.91 44,50 0.00 3.59
Industry 15 356.76 « 505.14 861.90 B.46  348.31
Industry 16 1291.67 796.17 2087.84 35.46 1256.21
Industry 17 31.87 38.05 69.92 1.45 30.41
Industry 18 6.91 5.14 12.05 0.50 6.41
Industry 19 192.38 85.92 278.30 8.00 184.38
Industry 20 31.14 56.19 87.33 0.82 30.32
Industry 21 133.15 122.56  255.71 5.86 127.29
Industry 22 699.93 781.03 1480.96 35.32 664.61
Industry 23 1524.79 1830.54 3355.33 93.92 1430.87
Industry 24 0.00 0.00 0.00 0.00 - 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 9320.64 - 0.00 9320.64 101.28 9219.36
Industry 28 0.00 0.00 0.00 0.00 0.00
Industzry 29 987.19 0.00 987.19 0.00 987.19
Industry 30 Q;OO 0.00 0.00 0.00 0.00
TOTAL 21933.73 13032.05 34965.78 2571.02 19362.72
Source: Canada, Department of the Enviroument, Inland Waters

Directorate, Industrial Water Use Survey: 1972. Data
were complled from confidential individual returms.
Data for the agriculture sector werederived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983.

Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1972 were “"backcast™ from 1975 data on the basis of
average growth rates. .

Data for the wholesale and retall trade sector were
based upon "backeasting”™ 1976 data in Tate and
Lacelle, 1976.



Table A-3

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Iadustry
Industry

.. Industry
" Industry

" Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry

TOTAL

Source:

O~ ol B
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(million cubic metres)

Intake

3299.64
0.00
541.55
39.00
86.78
358.76
59.46
0.23
138.70
331.35

3132.08
726.43
1367.91
8.41

0.00 .

375.72
94.69
615.74
1462.69
0.00
0.00
13163.56
0.00
1091.02
0.00

Recircu-
lation

0.00
0.00
1421.67
0.67
307.89
161.89
82.03
0.00
103.70
157.23

5735.47
1087.93
888.68
2.79
0.00
427.70
151.91
1015.62
1547.46
6.00
0.00
0.00
0.00
-0.00
0.00

Gross Consump—

Usge

3299.64
0.00
1963.22
39.67
394.67
520.65
141.49
0.23
242.40
488.58

8867.55
1814.36
2256.59
11.20
0.00
803.42
246.60
1631.36
3010.15
0.00
0.00
13163.56
0.00
1091.02
0.00

26893.72 13092.63 39986.36

not surveyed in 1976
Canada, Department of the Environment, Inland Waters

]

tion

2369.00
0.00
58.51
31.28
15.37
'30.96
5.36
0.00
7.23
8.64

170.33
36.37
40.32

0.14
0.00
2.23
15.55
35.37
104.06
0.00
0.00
160.38
0.00
0.00
0.00

3091.07

Canada, 1976

Dis-
charge

930.65
0.00
483.05
7.73
71.42
327.80
54.10
0.23
131.47
322.71

2961.74
6390.07
1327.58
8.27
0.00
373.49
79.14
580.38
1358.63
0.00
0.00
13003.18
0.00
1091.02
0.00

23802.66

Directorate, Industrial Water Use Survey: 1976. Data
were conpiled from confidential individual returms.
Data for the agriculture sector were derived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983.
Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87~107. Data for
1976 were interpolated from 1975 and 1980 data on the
basis of average growth rates.
Data for the wholesale and retall trade sector were
based upon data in Tate and Lacelle, 1976.
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Table A=4 Industrial Water Intake by Source, Canada, 1972
(miliion cubic metres)
Self- Self~-
Supplied Supplied Brac-
Surface Ground . kish Total

Public Water  Water Water Intake

information not available 2854.50 .

Industry 1

Industry 2 0.00 0.00 0.00 ¢.00 0.00
Industry 3 1.79  143.31 7.91 7.57 160.58
Industry 4 0.05 41.00 1.05 0.32 42.41
Industry 5 6.46 119.60 13.77 19.25 159.08
Industry 6 190.15 94.19 39.69 56.05 380.08
Industry 7 1.23 0.00 0.00 0.00 1.23
Industry 8 329.94 18.46 5.46 0.05 353.90
¥ndustry 9 3.00 0.27 0.09 0.00 3.36
Industry 10 40.59 82.64 "3.36 1.23  127.83
Industry 11 28.55 118.65 0.73 27.37 175.29
Industry 12 1.14 0.00 0.09 0.00 1.23
Industry 13 211.20 2832.96 30.82 19.27 3094.26
Industry 14 3.59 0.00 0.05 0.00 3.64
Industry 15 29.96 323.17 11.71 0.64 356.76
Industry 16 47.10 1146.48 86.10 86.10 1291.67
Industry 17 ~  23.73 7.05 1.09 0.00 31.87
Industry 18 ) 6.32 0.00 0.59 0.00 6.91
Industry 19 78.92 93.92 0.05 19.50 192.38
Industry 20 . 24,55 6.00 0.55 0.05 31.14
Industry 21 79.01 46.19 7.86 0.09 133.15
Industry 22 12.36 554.01 1.86 91.69 699.93
Industry 23 126.79 1305.58 1537 77.05 1524.79
Industry 24 0.00 0.00 0.00 0.00 0.00
Industry 25 0.00 . 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 3.50 8238.08 7.77 1071.29 9320.64
Industry 28 0.00 0.00 0.00 0.00 0.00
Industry 29 987.16 0.00 0.00 0.00 987.16
Industry 30 0.00 0.00 0.00 0.00 0.00
TOTAL 2237.08 15211.56 235.96 1477.50 21933.79

Source: Canada, Department of the Environment, Inland Waters
Directorate, Industrial Water Use Survey: 1972. Data ~
were complled from confidential individual returns.
Data for the wholesale and retail trade sector were
based upon "backcasting™ 1976 data in Tate and
Lacelle, 1976. All data used in this sector were
derived from public sources.



Table A-5

Industry
Industry
Industry
" Industry
Industry
Industry
Industry
Industry
Industry
Industry
Iadustry
Industry
Industry
Industry
Industry
. Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Iandustzry
Industry

TOTAL

Source:
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4

Industrial Water Intake by Sourcez Canada, 1976
million cubic metres

Public Water
infogpatf//

on not available

. 0.00 0.00
77.19  395.08
0.91  37.46
6.27 S 48.73
156.33  119.56
33.78  18.91
0.23 0.00
30.82  105.87
26.37  231.25
164,20 2953.24
219.39  484.73
42.91 1245.53
2.77 4.36
303.98  71.64
26,15 57.37
15187  535.60
98.60 1281.99
0.00 0.00
0.00 0.00
5.73 9901.88
0.00 0.00
1091.02 0.00
0.00 0.00

2300.50 17493.21

not surveyed in 1976
Canada, Department of the Environment, Inland Waters

Self- Self-
Supplied Supplied
Surface Ground
Water

0.00
49.32
0.59
14.23
31.46
5.82
0.00
2.00
5.64

3.68
2.82
1.82
1.27

——

0.05
11.50
2.14
14.77
0.00
0.00
2.41
0.00
0.00
0.00

149.51

Brac-—-
kish

0.00
19.96
0.05
17.55
51.41
0.95
0.00
0.00
68.10

10.96
19.50
77.64

0.00

0.05
1.68
62.14
' 67.32
0.00
0.00
3253.55
0.00
0.00
0.00

3650.86

Total
Intake
3299.60
0.00
541.55
39.00,
86.78 .
358.76
59.45
0.23
138.70
331.35

3132.08
726.43
1367.91
8.41

375.72
94.69
615.74
1462.69
0.00
0.00
13163.56
0.00
1091.02
0.00

26893.68

Directorate, Industrial Water Use Survey. 1976. Data
were compliled from confidential individual returns.

based upon data in Tate and Lacelle, 1976.

Data for the wholesale and retail trade sector were
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Table A6 Inddstrial Water Intake by Purpose, Canada, 1972
(million cubic metres)
Cooling
Conden- Sanil-
sing and tary .
Process .Steam Service Other Total
Industry 1 2854.50 0.00 - 0.00 0.00 2854.50
Industry 2 0.00 0.00 0.00 0.00 0.00
Industry 3 115.87 33.68 2.89 B.15 -160.58
. Industry & & 6.51 0.64 0.14  35.14  42.43
Industry 5 96.82 53.19 0.81 B.25 159.06
Industry 6 161.70 176.24 23.96 18.18 380.08
Industry 7 0.09 0.77 0.27 0.09 1.23
‘Industry B 306.48 25.96 2.45 19.00 353.90
Industry 9 2.45 0.68 0.23 0.00 3.36
Industry 10 65.55 59.28 2.14 0.86 127.83
Industry 11 ' 29.18 141.01 1.23 3.86 175.29
Industry - 12 0.36 -0.45 0.36 0.05 1.23
Industry 13 2453.92  526.05 17.18 97.10 3094.26
Industry 14 . 0.64 - 1.05 1.36 0.55 3.59
~ Industry 13 130.19 212.43 5.96 8.18 356.76
Industry 16 483,91 793.44 "13.77 0.55 1291.67
Industry 17 13.55 12.96 4.96 0.41 31.87 .
Industry 18 - 4.00 2.23 0.59 .09 T 6.91
Industry 19 58.10 88.55 | 25.46 20.27  192.38
Industry 20 15.87 11.86 3.05 0.36 31.14
Industry 21 36.78 75.55 4.32 16.50 133.15
Industry 22 80.33 601.06 2,05 16.50 699.93
Industry 23 219.07 1279.99 15.27 10.46 1524.79
Industry 24 0.00 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 0.00 9320.64 0.00 0.00 9320.64
Industry 28 0.00 0.00 0.00 0.00 -0.00
Industry 29 0.00 0.00. 987.19 0.00 987,19
Industry 30 0.00 0.00 0.00 0.00 0.00
TOTAL 7135.87 13417.72 1115.63 . 264.55 21933.77
Source: Canada, Department of the Environment, Inland Waters

Directorate, Industrial Water Use Survey 1972. Data
vere compiled from confidential individual returns.
Data for the agriculture sector were derived from:

' Canada-Alberta-Saskatchewan—Manitoba, 1983.
Canada, Department of the Environment, Inland Waters

Directorate, 1975, Chapter 4, pp. 87-107. Data for

1972 were "backcast” from 1975 data on the basis of
average growth rates. i
Data for the wholesale and retail trade sector were

based uporn "backcasting™ 1976 data in Tate and

Lacelle, 1976.
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Source:

not surveyed in 1976
Canada, Department of the Envirooment, Inland Waters

Directorate, Industrial Water Use Survey: 1976. Data
were compiled from confidential individual returns.
Data for the agriculture sector were derived from:
Canada-Alberta-Saskatchewan=-Manitoba, 1983. _
Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1976 were interpolated from 1975 and 1980 data on the
basis of average growth rates.
Data for the wholesale and retail trade sector were
based upon data In Tate and Lacelle, 1976.

Table A-7 Industrial Water Intake by Purpoae, Canada, 1976
(million cubic metres) .
Cooling
Conden- Sani-
‘ - sing and tary
: Process  Steam’ Service Other ~ Total
Industry 1 * 3299.60 0.00 0.00 0.00 3299.60
Industry 2 0.00 .00 0.00 0.00 . 0.00
Industry 3 329.40 94.28 75.83 42.05 541,55
Industry 4 7.00 1.27 0.59 30.14 39.00
Industry 5 49,32 24.91 3.91 8.64 86.78
Iadustry 6 116.60 198.25 24.28 19.64 358.76
Industry 7 —_ - - -— -_
Industry 8 7 22.55 33.55 2.82 0.55 59.46
Industry 9 0.23 0.00 0.00 0.00 0.23
Industry 10 42.60 89.92 3.27 2.91 138.70
Industry 11 103:96  209.93 7.18 10.27 331.35
. Industry 12 —_— . - T — -_— -—
-Industry 13 2235.45 821.90 14.32 60.42 3132.08
Industry 14 ——— -— _— -— -
Industry 15 195.97 449.62 74.13 6.73 726.44%
Industry 16 429.91  917.50 18.27 2.23 1367.91
Industry 17 3.41 4,36 0.55 0.09 B.41
Industry 18 —_— -— - — -
Industry 19 43.55 56.51 234.89 40.78  375.72
Industry 20 . - —_ - - _—
Industry 21 31.55 50.50 4.23 8.41 94.69
Industry 22 69.10 -~ 539.33 4.73 2.5%9  615.74
Industry 23 169.43 1258.49 12.91 21.87 1462.69
Industry 24 — — - - —
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 ¢.c0 0.00 0.00 0.00 0.00
Industry 27 0.00 13163.56 0.00 0.00 13163.56
Industry 28 0.00 0.00 0.00 0.00 -+ (.00
Industry 29 0.00 0.00 1091.02 0.00 1091.02
Industry 30 0.00 0.00 *.0.00 - 0.00 0.00
TOTAL 7149.61 17913.87 1572.91  257.30 26893.69

)
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Table A-8 ' Industrial Use Rates and Consumption Rates, Canada,
- 1972 and 1976

~

Use Rate Consumption Rat

1972 1976 ‘1972 1976
Industry 1 1.00 1.00 0.68 0.58
Industry 2 -— — — -_
Industry 3 10.60 3.65 0.08 0.11
Industry 4 . 2.62 1.76 0.50 0.98
Industry 5 2.23 . 4.55 0.22 0.18
Industry 6 1.42 1.45 0.07 0.09
Industry 7 6.52 - 0.26 —_—
Industry § 1.32 2.35 0.01 0.09
Industry 9 1.11 1.00 0.07 0.00
Industry 10 1.36 1.72 0.04 0.05
Industry 11 1.25 1.48 0.03 0.03
Industry 12 1.33 - — —
Industry 13 3.13 2.83 0.04 0.05
Industry 14 12.39 - 0.00 —_ .
Industry 15 2.42 2.50 0.02 0.05
Industry 16 1.62 1.65 0.03 0.03
Industry 17 2.19 1.34 0.04 0.02
Industry 18 1.74 - ~0.07 —
Industry 19 1.45 2.14 . 0.04 0.01
Industry 20 2.80 — 0.03 -
Industry 21 1.92 2.60 ° 0.04 0.16
Industry 22 2.12 2.65 0.05 0.06
Industry 23 2.20 2.06 0.06 0.07
Industry 24 - -~ - -
Industry 25 - - — —
Industry 26 — — — -
Industry 27 1.00 1.00 0.01 0.01
Industry 28 - -— — -
Industry 29 1.00 1.00 0.00 0.00
Industry 30 - - -

- not surveyed or insignificant water. use
%purce calculated from Tables A-2 and A-3.



Table A-9

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
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TOTAL

Source:
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Industrial Water Intake by Region, 1972,

million cublic metres)

Atlantic Quebec

20.54
0.00
32.09
0.00
15.68
93.15

0.64
0.00
0.64
0.45
0.00
555.01
0.05
58.51
45.19
0.64
0.41
24.91
0.55
2.45
102.10
91.46
0.00
0.00
0.00
1162.61
0.00
73.23
0.00

2280.31

74.70

0.00
55.73
0.00
2,82
73.96
0.77
10.55
0.18
59.82
4.73
0.0%
'849.04
1.59
192.97
72.83
10.32
1.82
32.09
10.18
78.33
160.61
132.10
0.00
0.00
0.00
413.68
0.00
339.40
0.00

2578.31

British

Ontario Prairies Columbia . Total

0.00
39.59
0.00
33.82
132.24
0.45
337.17
3.00
67.01
5.05
1.14
705.66
1.82
58.28
1065.79

16.73 .

3.41
131.65
19.73
42.10
310.12
1090.20
0.00
0.00
0.00
5629.23
0.00
355.44
0.00

128.10 2160.30

0.00
13.77
37.87
82.37
52.73

0.00
5.50
0.18
0.05
5.00
0.00
128.24
0.14
17.00
0.00
1.73
0.32
3.18
©0.50
5.82
46.37
95.92
0.00
0.00
0.00
2058.29
0.00

110.97

0.00

10177.72 4826.24

470.86
0.00
19.37
4.55
24.37
28.00
0.00
0.05
0.00
0.32
160.06

0.00

856.31
0.00
30.00
107.87
2.45
0.95
0.55

. 0.18
4.45
80.74
115.10
0.00
0.00
0.00
56.82
0.00
.108.15
0.00

2071.15

Canada, Department of the Environment, Inland Waters

Directorate, Industrial Water Use Survey: 1972. Data
were compiled from confidential individual returns.
Data for the agriculture sector werederived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983.
Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1972 were "backcast” from 1975 data on the basis of
average growth rates. )
Data for the wholesale and retail trade sector were
based upon "ﬁ%ckcasting" 1976 data in Tate and
Lacelle, 1976.

2854.50
0.00
160.56
42.4]
159.06
380.08
1.23
353.90
3.36
127.83
175.29
1.23
3094.26
_3.59
356.76
1291.67
31.87
6.91
192.38
31.14
133.15
699.93
1524.79
0.00
0.00
0.00
9320.64
0.00
987.19
0.00

e

21933.73
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Table A-10 Industrial Wates Intake by Reglon, 1974
{million cubic metres)

British

Sector Atlantic Quebec Ontario Prairies Columbiz Total

Industry 1 22.25 62.73 141.88 2355.17 495.08 3077.10
Industry 2 0.00 ¢.00 0.00 0.00 0.00 0.00
Industry - 3 63.95 134.58 80.04 27.18 45.30 351.06
‘Industry & 0.00 0.00 0.00 36.54 - 3.60 40.14
Industry 5 15.00 5.96 34.28 54.82 12,88 122.94
Industry 6 86.20 78.10 128.15 47.71 29.28 369.43
Industry 7 0.00 0.39 - 0.23 0.00 0.00 0.61
Industry 8 2.51 13.78 187.04 3.33 0.02 206.68
Industry 9 0.00 .09 1.50 0.21 0.00 1.80
Iondustzy 10 0.93 54.03 77.88 0.27 0.16 133.27
Industry 11 = 8.77 26.43 22.64 20.36 174.61 252.81
Industry 12 ~ 0.00 0.05 0.57 0.00 0.00 0.61
Industry 13 48V .91 879.50 693.27 109.99 942.50 3113.17
Industry 14 0.03 0.80 0.91° 0.07 0.00 1.80
Industry 15 57.01 245.84 181.54 37.98 15.23 541.60
Industry 16 46.53 74,99 1097.25 0.00 111.03 1329.80
Industry 17 - 0.32 6.66 10.89 1.05 1.23 20.14
Iodustry 18 0.21 0.91 0.71 0.28 0.48 2.59
Industry 19 93.41 53.89 119.88 2.32 14.55 284.04
Industry 20 0.28 5.09 9.87 0.25 0.09 15.58
Industry 21 3.05 48.75 50.31 5.96 5.86 113.93
Industry 22 90.20 142.43 315.19 35.74 74.28 657 .84
Industry 23 82.69 146.22 1070.81 91.99 102.01 1493.71
Industry 24 - 0.00 °  0.00 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00 0.00
Industry 27 2083.57 "423.40 6157.42 2221.50 356.22 11242.11
Industxry 28 0.00 0.00 0.00 0.00 0.00 0.00
Industry 29 77.12 357.38, 373.88 116.86 113.88 1039.11
Industry 30 .00 0.00 0.00 0.00 0.00 0.00
TOTAL 3221.94 2761.98 10756.13 5169.57 2502.28 24411.89

Source: Calculated by taking the average value of the corresﬁgnding
1972 and 1976 values (Tables A-9 and A-11 respectively.) For th
. 1ndustrles not surveyed in 1976, their water intakes were
considered to be zero.
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Table A-11 Industrial Water Intake by Region, 1976
(million cubic metres)
British
Atlantic Quebec Ontario Prairies Columbia Total

Industry 1 23.96 50.69 155.65 2550.07 519.32 3299.69
Industry 2 - 0.00 0.00 0.00 0.00 0.00 0.00
Industry 3 95.83 213.38 120.51 40,59 71.23  541.55
Industry & 1.18 0.00 .00 35.23 2.64 39.05
Industry 5 14.32 9.09 34.73 27.28 1.36 86.78
Industry 6 79.24 82.24 124.06 42,69 30.55 358.76
Industry 7 - —_— - - - -

Industry 8 4.36 17.00 36.91 1.18 0.00 59.45
Industry 9 0.00 0.00 0.00 - 0.23 0.00 0.23
Industry 10 1.23 48.23 88.74 0.50 0.00 138.70
Industry 11 17.09 48.14 41.23 35.73 189,15 331.35
Industry 12 — — - - -— -—

Industry 13 420.81 909.95 680.88 91.74 1028.69 3132.08
Industry 14 - - - -— - —_

Industry 15 55.51 298.71  304.80 58.96 8.46  726.43
Industry 16 47.87 77.14 1128.70 0.00 114.19 1367.91
Industry 17 0.00 3.00 5.05 0.36 0.00 B.41
Industry 18 0.00 0.00 0.00 0.23 0.00 0.23
Industry 19 161.92 75.69 108.10 1.45 28.55 375.72
Industry 20° - .- - -- - —

Industry 21 3.64 19.18 58.51 6.09 7.27 94.69
Industry 22 78.28 124.24  320.26 25.09 67.82 615.70
Industry 23 73.92 160.33 1051.42 B88.05 B8.92 1462.64
Industry 24 _— - - - - -

Industry 25 0.00 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 __0.00 0.00 0.00 0.00 0.00
Industry 27 3004752  433.13 6685.61 2384.69 655.61 13163.56
Industry 28 0.00-— 0.00 0.00 0.00 0.00 0.00
Industry 29 81.017 375.35 392.31 122.74 119.60 1091.02
Industry 30 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 4164.68 2945.52 11337.47 5512.90 2933.38 26893.73

Source:

not surveyed in 1976

Canada, Department of the Enviropment, Inland Waters
Directorate, Industrial Water Use Survey: 1976. Data
were compiled from confidential individual returms.
Data for the agriculture sector were derived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983.

Canada; Depigtment of the Environment, Inland Waters
Directoratey 1979, Chapter 4, pp. B7-107. Data for
1976 were interpolated from 1975 and 1980 data on the
basis of average growth rates.

Data for the wholesale and retail trade sector were
based upon data in Tate and Lacelle, 1976.
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Table A-12 Industrial Gross Water Use by Region, 1972
i (million cubic metres)

British
Atlantic Quebec Ontario Prairies Columbia
Industry 1 20.54 74.70 128.10 2160.30 470.86
Industry 2 0.00 0.00 0.00 0.00 ©.00
Industry 3 156.92  258.35 1183.02 33.89 67.67
Industry 4 0.00 0.00 0.00 37.87 67.32
Industry 5 14.24 0.61 53.02 252.88 26.71
Industry 6 108.83 115.86 176,53 110.76 29.21
Industry 7 0.00 3.34 4,64 0.00 0.00
Industry 8 24,51 20.66 414,57 5.82 0.00
Industry 9 0.00 0.16 3.38 0.20 0.00
Industry 10 0.57 68.12 105.47 0.05 0.34
Industry 11 0.68 5.49 5.26 5.00 204.64
Industry 12 0.00 0.10 1.54 0.00 g.00
Industry 13 1421.60 2136.35 2392.09 469.18 3272.21
Industry - 14 0.06 27.31 16.97 0.16 0.00
Industry 15 61.81 311.98 102.31 240.26 42 .88
Industry 16 47.74  117.75 1871.07 0.00 154.20
Industry 17 0.68 14.35 31.15 20.40 3.34
Industry 18 0.40 1.84 8.52 0.32 0.95
Industry 19 24.93 33.83 215.13 3.83 0.55
Industry 20 3.74 31.93 49.73 1.59 0.34
Industry 21 3.00 156.11 77.57 11.36 7.19
Industry 22 134.70  465.72 468,09 191.23  221.23
Industry 23 355.41  753.10 1478.10 569.14 199.57
Industry 24 0.00 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 1162.61  413.68 5629.23 2058.29 56.82
Industry 28 0.00 0.00 0.00 0.00 0.00
Industry 29« 73.23  339.40 355.44 110,97 108.15
Industry 30 0.00 0.00 0.00 0.00 0.00
TOTAL ¢ . 3616.22 5350.77 14770.94 6283.46 4934.17

Source: Canada, Department of the Environment, Inland Waters

Directorate, Industrial Water Use Survey: 1972. Data
were complled from confidential individual returms.
Data for the agriculture sector werederived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983.
-Canada, Department of the Envircooment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1972 were "backcast” from 1975 data on the basis of
average growth rates.
Data for the wholesale and retall trade sector were

based upon "backcasting™ 1976 data in Tate and

Lacelle, 1976.

Total

2854.50
0.00
1699.85
105.19
347.47
541.18
7.97
465.55
3.74
174.54
221.07
1.64
9691.43
44.50
759.26
2190.76
69.92
12.02
278.27
87.33
255.23
1480.97
3355.33
c.00
0.00
0.00
9320.63
0.00
987.19
0.00

34955.56



Table A-13

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Ipdustry 10
Industry 11
Industry 12
Industry 13
Industry 14
Industry 15
Industry 16
Industry 17
Industry 18
Industry 19
Industry 20
Industry 21
Industry 22
Industry 23
Industry 24
Industry 25
Industry 26
Industry 27
Industry 28
Industry 29
. Industry 30

(ol IR N I NV BN R VLR L

TOTAL

‘Source:
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Industrial Gross Water Use by Region, 1974

(million cubic metTes)

Atlantic

22.25
0.00

341.67

0.00

19.98
100.10

0.00

18.21

s 0.00
1.43

11.87

0.00
1259.46
0.03

63.21

51.70

0.34

0.20

93.64
1.87
3.82

164.43
258.92
0.00
0.00
0.00
2083.57
0.00

77.12
0.00

4573.81

Quebec Ontario Prairies Columbia

62.73
0.00
454.57
0.00
13.54
124.27
1.67
29.51
0.08
84.25
37.77
0.05
2092.99
13.66
436.04
131.62
- 9.06
0.92
60.22
15.97
98.96
480.75
617.01
- 0.00
0.00
0.00
423.41
0.00
357.38
0.00

141.88
0.00
855.45
0.00

ra 79.61

182.95
2.32
248.04
1.69
111.58
35.84
.0.77

2263.54

8.48
563.07
1896.61
18.76
4.26
364.39
24.86
120.65
479.50
1474.37
0.00
0.00
0.00
6157.42
0.00
373.88
0.00

5556.40 15409.90

2355.17
0.00
42.61
36.55
241.48
91.80
-0.00
6.78
0.22
0.58
28.90
0.00
497.48
0.08
198.12
0.00
10.73
0.30
5.26

0.80-

15.02
214.05
°659.28
0.00
0.00
0.00
2221.49
0.00
116.86
0.00

6743.52

495.08
0.00
137.25
34.98
16.47
31.79
0.00
0.98

0.00

0.64
240.45
0.00
3166.03
0.00
26.37
143.74
1.67
0.48
17.34
0.17
12.46

©217.45

173.16
0.060
0.00
0.00

356.22
0.00

113.88
0.00

Total

3077.10
0.00
1831.54
71.53
371.07

530.92

3.99
303.52
1.9%
208.48
354,83
0.82
9279.49
22.25
1286.81
2223.68
. 40.56
*  6.15
540.84
43,67
250.91
1556.17
3182.74
0.00
.0.00
0.00
11242.10
0.00
1039.10
0.00

5186.60 37470.23

Calculated by taking the average value of the corresponding
1972 and 1976 values (Tables A-12 and A-13 respectively. For the

industries not surveyed in 1976, thelr water latakes were
considered to be zero.
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Gross Water Use by Region, 1976

Source:

not surveyéd in 1976

Table A-14
. (million cubic metres)

British
Sector Atlantic Quebec Ontario Prairies Columbia
Industry 1 23.96 50.69 155.65 2550.07 519.32
Industry 2 0.00 0.00 0.00 0.00 0.00
Industry 3 526.42 650.79 527.87 51.33 206.82
Industry 4 1.80 - 0.00 0.00 35.23 2.64
Industry § 25.71 26.46 106.20 230.08 6.23
Industry 6 91.38 132.69 189.38 72.83 34.37
Industry 7 - —_ - - C—
Industry 8 11.92 38.37 81.51 ‘7.74 1.95

., Industry 9 0.00 0.00 .00 0.23 0.00

“Industry 10 2.28 - 120.38 117.69 1.10 - 0.95
Industry 11 23.07 70.05 66.42 52.79 276.25
Industry 12 - - - - -

" Industry 13 1097.32 2049.63 2134.98 525.77 3059.85
Industry 14 - - - — -
Industry 15 64.60 560.10 1023.82 155.98 9.86
Industry 16 55.66 145,50 1922.14 0.00 133.29
Industry 17 0.00 3.77 6.36 1.06 0.00
Industry 18 - - .o— - -
Industry 19 162.34 86.60 513.64 6.70 34.14
Industry 20 - - - - -
Industry 21 4.64 41.82 163.74 18.67 17.73
Industry 22 194.15 495.78  490.91° 236.87 213.66
Iadustry 23 162.43  480.91 1470.64. 749.43 146,74
Industry 24 - - - - -
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 ¢.00 0.00 0.00
Industry 27 3004.52  433.13 6685.61 2384.69 655.61
Industry 28 0.00 0.00 0.00 0.00  0.00
Industry 29 81.01 375.35 392.31 122.74 119.60
Industry 30 0.00 0.00 0.00 g.00 0.00
TOTAL 5533.19 5762.03 16048.88 7203.29 5439.02

-

Canada, Department of the Environment, Inland Waters

Directorate, Industrial Water Use Survey:

Cavnada—-Alberta-Saskatchewan-}Manit .
Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for

1976 were interpolated from 1975 and 1980 data on the
basls of average growth rates.
Data for the wholesale and retall trade sector were
based upon data in Tate and Lacelle, 1976.

1983.

Total

3299.69
0.00
1963.22
39.67
394.67
©520.65
141.49
0.00
242.40
488.58

8867.55
1814.36
2256.59

11.20

803.42
246.60
1631.36
3010.15
0.00
0.00
13163.56
0.00
1091.02
'0.00

39986.19
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Table A-15 Industrial Water Consumption Region, 1972

=" (nilTion cubic weteery Loony Reglon, 1972
| British
Sector Atlantic Quebec Ontario Prairies Columbia
Industry 1 20.22 . 74.48 101.73 1623.80 222.55
Industry 2 0.00 0.00 0.00 0.00 0.00
Industry 3 2.64 7.64 . 0.91 0.50 1.86
Industry 4 0.00 0.00 0.00 36.32 2.00
Industry 5 - 0.86 0.18 - 1.09 31.05 2.09
Industry 6 0.00 7.41 - 9.00 - 7.09 1.55
Industry 7 0.00 0.09 0.23 0.00 6.00
Industry 8 0.36 0.36 1.95 0.09 0.00
Industry 9 0.00 0.00 0.23 0.00 0.00
Industry 10 0.60 2.95 1.55 0.00 0.00
Industry 11 0.05 2.18 0.59 0.23 2.23
Industry 12 0.00 0.00 0.05 0.00 0.00
Industry 13 -18.82 21.87 27.82 4.45 48 .87
Industry 14 0.00 0.00 0.00 0.00 . 0.00
Industry 15 1.41 4.59 1.36 0.41 0.73
Industry 16 1.23 2.00 29.28 0.00 2.95
Industry 17 0.09 0.05 0.86 . 0.41 0.05
Industry 18 0.18 0.00 0.18 ©0.14 0.00
Industry 19 1.36 2.82 3.68 0.05 0.09
‘Iodustry 20 0.09 0.09 0.64 0.00 0.00
Industry 21 0.50 0.00 3.14 . 1.32 0.91
Industry 22 0.05 12.14 14.29 “6.50 2.55
Industry 23 10.91 9.63 53.82 13.91 6.55
Industry 24 . 0.00 0.00 0.00  0.00 0.00
Industry 25 0.00 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00 0.00
Industry 27 1.40 0.00 98.27 1.31 0.31
Industry 28° 0.00 0.00 0.00 0.00 0.00
Industry 29 0.00 0.00 0.00 0.00 0.60
Industry 30 - 0.00 - 0.00 0.00 0.00 0.00
TOTAL 60.17 148.48  350.67 1727.57 295.29

Source: Canada, Department, of the Environment, Inland Waters

Directorate, Industrial Water Use Survey: 1972. Data
were compiled from confidential individual returms.
Data for the agriculture sector were derived from:
Canada-Alberta-Saskatchewan-Manitoba, 1983; and
Canada, Department of the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1972 were "backcast”™ from 1975 data on the basis of
average growth rates.

Data for the wholesale and retail trade sector were
based upon "backcasting 1976 data in Tate and
lacelle, 1976.

¢

Total

2042.78
0.00
13.55
38.32
35.27
25.05
0.32
2.76
0.23
4.50
5.28
0.05
121.83
0.00
8.50
35.46
1.46
0.50
8.00
0.82
5.87
35.53
94.82
0.0~
0.00
0.00
101.29
0.00
0.00
0.00
. 0.00
2582.18"
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Table A-16 Industrial Water Consumption by Region, 1974

Sector

Industry
Tndustry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry

TOTAL

Source®-

(million cubic metres)
) - British

Atlantic Quet Ontarioc Prairies Columbia Total
1 - 21.90 62.50 112.55 1775.90 233.52 2205.49
2 0.00 0.00 © 0.00 0.00 0.00 0.00
3 6.93 12.86 10.21 1.32 4.71 36.Q§
4 0.00 0.00 ¢.00 33.46 1.34 34.80
5 0.89 0.61 2.82 19.80 1.20 25.32
6 1.75 7.96 10.11 6.30 1.89 28.00
7 0.00 0.05 0.11 '0.00 0.00 0.16
8 0.43 0.86 2.66 0.09 0.02 4.07
g 0.00 0.00 Q.ll 0.00 0.00 0.11
10 0.05 3.84 1.98 0.00 0.00 5.86
11 0.20 1,91 0.59 1.0% 3.16 6.96
12 0.00 0.00 0.02 0.00 0.00 0.02
13 25.66 31.64 28.53 6.27 48.98 141.08
15 0.00 0.00 0.00 0.00 0.00 0.00
15 3.68 12.21 3.59 1.07 1.89 22.43
16 1.32 T 2.14 31.28 0.00 3.16 37.89
17 0.05 0.02 0.50 0.20 0.02 0.80
18 0.09 0.00 0.09 0.07 0.00 .25
19 0.77 1.55 2.64 0.07 0.09 5.11
20 0.05 0.05 0.32 0.00 0.00 0.4}
21 0.45 2.16 3.98 2.02 2.09 10.71
22 1.20 12.98 B.43 9.34 3.39 35.34
23 7.43 11.46 58.94 14.23 6.93 98.99
24 0.00 0.00 0.00 0.00 0.00 0.00
25 “0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 0.00 0.00 0.00 0.00
27 8.20 8.69 107.49 .86 2.62 130.85
28 0.00 0.00 0.00 .00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00

81.08 173.93 387.05 1875.08 315.01 2831.27

Calculated by taking the average of the correspouding -

"1972 and 1976 values (Tables A-12 and A-14 respectively) For t

industries not surveyed in 1976, their water iatakes were
consldered to be zero.
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Table A-17 Industrial Water Consumption by Region, 1976

Sector.

Industry
Industry
Industry

Industry.

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry

Industry

Industry
Industry
Industry
Industry
Industry
Industry
Industry
_ Industry
Industry
Industry

TOTAL

" Source:

(million cubic metres)

) British
Atlantic Quebec- ?:tario Prairies Columbia

1 23.60 50.50 23.40 1928.00 244.50
2 0.00 0.00 0.00 0.00 0.00
3 11.23 18.09 19.50 2.14 7.55
4 0.00 0.00 0.00 30.59 0.68
5 0.91 1.05 4.55 8.55 0.32
6 3.50 8.50 11.23 5.50 2.23
7 — — — — . —

8 0.50 1.36 3.36 0.09 0.05
9 0.00 0.00 0.00 0.00 0.00
10 0.09 4.73 2.41 0.00 0.00
11 0.36 1.64 0.59 1.95 4,09
12 gt X e b
13 32.50 41.41 29.23 8.09 59,10
14 — —_ - - _
15 5.96 19.82 5.82 <.73 3.05
16 1.41 ° 7 2.27 - 32.28 0.00 3.36
17 0.05 0.00 0.14 0.00 0.00
18 - —_ — — —
19 0.18 0.27 " 1.59 0.09 ©  0.09
20 -— —_ - — -
21 0.49 4.32 4.82 2.73 3.27
22 2.36 13.82 2.77 12.18 . 4.23
3 3.95 14.18 64.05 14.55 7.32
2% - - — _— . -
25 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 0.00 0.00 0.00
27 15.00 1%38 116.70 6.40 | 4.92
28 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00  0.00 0.00
30 0.00 0.00

0.00 0.00 0.00
102.12  199.36 - 422.41 2022.59 344.75

not surveyed in 1976

Canada, Department of the Environment Inland Waters
Directorate, Industrial Water Use Survey: 1976. Data
vere compiled from confidential individual returns.-
Data for the agriculture sector were derived from:
Canada—-Alberta-Saskatchewan-Manitoba, 1983.

Canada, Department ¢f the Environment, Inland Waters
Directorate, 1979, Chapter 4, pp. 87-107. Data for
1976 were interpolated from 1975 and 1980 data on the
basis of average growth rates.

Data for the wholesale and retall trade sector were
based upon data in Tate and Lacelle, 1976.

Total

2369.00
0.00
58.51
31.28
15.37
30.96
5.36
0.00
7.23
8.64

170.33
36.37
40.32

0.14 -

2,23
15.55
35.37

104.06
0.00
0.00

160.40

0.00

0.00

0.00

3091.13



“Appendix B

Calculation of Industrial Water Uses

i91

for 1966
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Appendix C

Industrial Water Use Coefficlents
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Table Water Use Coefficients by Industry Group,

C~4
B.C. Region, 1966-1974 :
" (million cubic metres/$million ocutput)
Intake Gross Use

1966 1974 1966 - 1974
Industry 1 ; .50637 1.24086 ‘.50637 1.24086
Industry 2 f . 0 0 0 0
Industry 3 \;_//' 04428  .07543  .25556  .22853
Industry & .03451 .00958  .4853 .00356
Industry 5 L1379 .10379  .14683 .13273
Industry 6 .02754  .02439  .02961  .02647
Industry 7 0 0 .0 0
Industry 8 ".01084. .00088 .18393 .02886
Industry 9 0 0 0 0
Industry 10 .00038 .00171  .0015%  .00685
Industry 11 14388 .08622 .17556  .00872
Industry 12 o 0 -0 0 0
Industry 13 .82358 .60216 2.94409 2.02279
Industry 14 - v 0 0 0
Industry 15 06386  .04494 .0883 .06162
Industry 16 1.80018 2.39841 2.31628 3.10501
Industry 17 .00722  .00309 .01078  .00419
Industry 18 .00873 - .00259 .00873  .00259
Industry 19 .05159  .04079 .05985 .04812
Industry 20 .09448  .00088 .21096 .Q0166
Industry 21 .05003 .03067 .09374  .06516
Industry 22 .22784  ,18218 .58192  .53332
Industry 23 .B3728  .57753 1.45851  .98035
Industry 24 - 0 0o - 0 0
-Industry 25 0 0 o 0
Industry 26 0 0 0 0
Industry 27 1.17771 1.10397 1.17771 1.10367
Industry 28 0 0 0 0
Industry 29 05286  .04477  .05286  .04477
Industry 30 0 0 0 0
Source: Water use data for 1966 were taken from Appendix table B-12

Water use data for 1974 were taken from Appendix tables A-10
and A-]13. Output data for 1966 were taken from Appendix table
B-11. Output data for 1974 were derived by solving the input-
output algorithm for that year.
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Table D=1 Water Intake Shifts by Industry Group, Canada, 1966-1972
(million cubic metres)
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Structural Change Factors

Intake  Final Production Total

Coefficient Demand Technology Shift

Industry 1 ' =16.63 541.61 ~863.68 -338.70
Industry 2 0.00 0.00 0.00 0.00
Industry 3 2.48 © 53.23 -65.32 =9.61
Industry 4 2.60 27.79 -29.98 0.41
Industry 5 12.540 57.56 -63.39 6.56
Iodustry 6 -51.58 165.85 -84.03 30.24
Industry 7 .00 0.00 - 0.00 0.00
Industry 8 67.64 125.49 -101.84 91.29
Industry 9 -0.01 0.78 -1.41 -0.64
Industry 10 31.29 40.50 -38.82 32.97
Industry 11 -5.61 83.22 =54.53 23.08
Industry 12 0.61 0.27 0.35  1.23
Industry 13 -214.73 1337.68 -840.08 282.87
Industry 14 ~-0.94 2.92 -1.21 0.78
Industry 15 3.63 156.74 ~188.11 -27.75
Industry 16 388.14 333.96 -305.01 -83.90
Industry 17 2.02 13.68 -19.24 ~=3.54
Industry 18 1.15 1.93 -4.57 -1.49
Industry 19 0.21 90.43 -77.20 13.44
Industry 20 -2.12 15.42 -12.23 1.07
Industry 21 -1.98 67.21 -63.60 1.63
Industry 22 -122.03 396.43 -183.54 50.86
Industry 23 B7.11 671.04 —-851.49 -93.34
Industry 24 0.00 0.00 0.00 '0.00
Industry 25 0.00 0.00 0.00 0.00
Industry 26 : 0.00 © 0,00 0.00 0.00
Industry 27 132.95 4343,25 ~1714.79 2761.42
Industry 28 0.00 0.00 0.00 . 0.00
Industry 29 _ -59.39 476.24 -201.05 215.80
Industry 30 0.00 0.00 0.00 0.00

TOTAL 257.22 9003.23 -6265.77 " 2994.68
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Table D—2 Water Intake Shifts by Industry Group, Canada 1972-1976
‘ (million cubic metresg . :

-

gtructural Change Factors

Intake Final Production Total

* -Coefficient Demand Technology Shift
Industry 1 =447 466.65 - -17.01 445.17
Industry 2 . 0.00 0.00 0.00 0.00
Industry 3 363.89 16.79 0.30 380.98
Industry 4 1.07 =-5.35 0.88 -3.39
Industry 5 ~94.79 21.16 1.35 -72.28
Industry 6 - -49.56 26.97 1.26 -21.33
Iadustry 7 0.00 0.00 0.00 0.00
Industry 8 -425.66 181.73 ~50.49 -294.4)1"
Industry 9 -0.21 -2.93 0.01 -3.13
Industry 10 2.22 17.48 -8.86 10.84
Industry - 11 131.39 . 19.82 4.83 156.04
Industry 12 ©=1.29 0.08 ~0.02 -1.23
Industzry 13 -37.71 299.14 -223.63 37.81
Industry 14 -4.18 0.77 ~(.19 =-3.60
Industry 15 386.95 8.69 -25.98 369.66
Industry 16 -263.73 58541 =245.45 76.24
Industry 17 -28.95 7.80 -2.31 -23.46
Industry 18 -8.99 2.87 -0.57 -6.68
Industry 19 143.41 46.74 -6.82 183.32
Iadustry 20 =34.61 5.36 -1.89 -31.15
Industry 21 -43.98 14.10 -8.58 -38.47
Industry 22 -239.81 166.71 =11.11 -84.21
Industry 23 -287.93 300.86 -75.03 -62.10
Industry 24 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00
Industry 27 1128.84 2646.53 67.57 3842.93
Industry 28 0.00 . 0.00 0.00 0.00
Industry 29 =219.34 358.81 -35.65 103.83
Industry 30 0.00 . 0.00 0.00 0.00
TOTAL 412.57 5186.20 -637.38 4961.39

/



Table D-3

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
" Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
. Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry

TOTAL
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Water Intake Shifts by Industry Group, Canada, 1966-1976
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J

Structural Change Factors

Intake

Coefficient

-~

-23.75
. 0.00
366.63

3.40
-80.63
~105.01

" 0.00

-332.94
-0.21
35.61
124.99
-0.65

~257.69
-5.29
390.40
226.57
~26.58
-7.46
143.65
-37.00

.=51.41

-388.98

-187.91

0.00

0.00 .

0.00
1300.51
0.00
=298.20
0.00

788.05

Final
Demand

999.59
0.00
69.31
23,20
77.85
196.88
0.00
124562
-2.16
50.38
105.39
0.30
1518.98
3.74

151.79 .

656.45
19.62
4.03-
133.17
20.00
80.08
586.55
891.17
0.00
0.00
0.00
6983.55
0.00
831.45
0.00

13646.95

Producfion
Technology

-869.36
0.00
=565.18
-29.58
-62.94
-82.96
0.00
=-115.80"
=1.41
=42.17
=51.26
0.35
=940.61
=1.27
=200.28
-830.69
-20.05
-4.74
~80.06
-13.07
=65.49
=-190.93
-858.71
0.00
0.00
0.00
-1679.71
0.00
=-213.63
0.00

—6479.55

Total
Shift

106.48
0.00
370.76
~2.98
—65.72
8.91
0.00
-203.12
-3.78
43.82
179.13
0.00
320.67
-2.83
341.91
~7.87
-27.01
-8.17
196.76
~30.07
-36.83
6.65
=155.45
0.00
0.00
0.00
6604.35
0.00
.319.63
© 0.00

7955.45



Table D=4
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Gross Water Use Shifts by Industry Group, Canada,
1966-1972
(million cubic metres)
Structural Change Factors
Gross Use Pinal Production Total
Coefficient Demand Technology Shift
Industry 1 -16.63 541.61 -863.68 -338.70
Industry 2 0.00 0.00 0.00 0.00
Industry 3 26.17 564.09 -692.15 -101.90
Industry 4 6.82 172,72 -78.45 1.09
Industry 5 27.70 128.55 ~141.59 14.66
Industry 6 ~73.41 236.08 -119.61 43.06
Industry 7 0.00 0.00 0.00 ~0.00
Industry 8 88.98 165.10 -133.98 120.10
Industry 9 -0.01 0.86 -1.57 -0.72
Industry 10 42.68 55.29 -52.98 44.99
Industry 11 -7.01 103.84 —68.03 28.80
Industry 12 0.83 0.35 -0.15 1.03
Industry 13 ~672.42 4188.55 =2630.44 B85.68
Industry 14 -11.88 36.26 ~14.88 9.50
Industry 15 8.71 378.66 =454 .46 -67.08
Industry 16 627.39 539.81 -1302.82 -135.62
Industry 17 . 4.43 30.01 -42.21 -7.78
Industry 18 - 1.99 3.37 -7.96 . =2.80
Industry 19 0.26 130.83 -111.67 19.42
Industry 20 -5.96 43.25 =34.30 2.99
Industry 21 -3.79 129,08 -122.14 3.15
Industry 22 ~258.25 838.80  -388.33 192.23
Industry 23 191.68 1476.63 ~1873.72 =205.40
Industry 24 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00
Industry 27 132,97 4343.24 =1714.80 2761.42
Industry 28 - 0.00 0.00 0.00 0.00
Industry 29 ~59.39 476.24 -201.05 215.80
Industry 30 0.00 0.00 0.00 0.00
TOTAL 51.87 -11051.00 3484.13

14483.23
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Table D-5 Gross Water Use Shifts by Industry Group, Canada,
1972-1976

(million cubic metres)

Structural Change Pactors

Gross Use Pinal Production Total

Coefficient Demand Technology Shift

Industry 1 -4,50 466.65 -17.01 445.15
Industry 2 0.00 . 0.00 0.00 0.00
Industry 3 80.60 177.90 3.19 261.70
Industry 4 -59.63 <13.99 2.32 =71.31
Industry 5 -10.86 47.26 3.01 39.41
Industry 6 -650.58 38.39 1.79 -20.40
Industry 7 0.00 0.00 0.00 0.00
Industry 8 -496,71 239.09 -66,42 -324.05
Industry 9 =-0.25 . —3.26 0.01 =-3.50
Industry 10 56.16 23.86 -12.09 67.93
Industry 11 239.13 24.73 6.02 269.88 .
Industry 12 : -1.73 0.11 -0.03 ~1.64
Industry 13 -1057.64 936.67 ~700.22 -821.19
Industry 14 -51.66 9.46 -2.32 -44.51
Industry 15 994,24 20.99 -62.76 952,47
Industry 16 -380.84 946.26 -395.74 168.68
Industry 17 -70.77 17.11 =5.07 -58.72
Industry 18 -15.79 5.01 -0.99 =-11.77
Industry 19 467.39 67.51 -9.87 525.12
Industry 20 -97.15 15.05 =5.23 -87.33
Industry 21 -29,88 28.11 =7.35 -9.12
Industry 22 -178.84 . 352.73 23.51 150.38
Industry 23 -842.09 662.04 =165.11 . =345.16
Industry 24 0.00 0.00 0.00 0.00
Industry 25 ' 0.00 0.00 - 0.00 0.00
Industry 26 0.00 -~ 0.00 0.00 0.00
Industry 27 1128.85 2646.53 - 67.57 -3842.94
Industry 28 - 0.00 0.00 0.00 0.00
Industry 29 -219.32 358.81 =35.65 ©103.84
Industry 30 0.00 0.00 0.00 0.00

- TOTAL -611.89 7067.12  -1426.44 5028.80

-~



Table D—6

Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
lodustry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industcry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry
Industry

TOTAL

OO R e

215

Gross Water Use Shifts by Industry Group, Canada,

1966-1976

(miilion cubic netres)

Gross Use
Coefficient

- ~23.75
0.00
109.56
~53.53
20.76
-139.44
0.00
-374.73
-0.25
101.72
231.13
-0.86
~1746.46
-55.45
1002.53
411.68
-65.57
-13.13
467.71
-103.78
-33.97
-494,50
-622.02
0.00
0.00

. 0.00
1300.54
0.00
-298.16
0.00

=3%90.00

Final
Demand

999.58
0.00
734,50
60.71
173.89
280.22
. 0.00
323.13
-2.40
68.76
131.50
0.40
4756.20
46.25
366.71
1061.08
43.05
7.03
192.65
56.09
153.78
1241.08
1961.05
0.00
0.00
0.00
6983. 54
0.00

. 831.44
©0.00

20470.24

Structural Change Factors

Production
Technology

-869.38
0.00
-684.26
=77.40
-140.58
-118.12
0.00
=152.35
-~1.56
=-57.56
-63.94
-0.16
=2945.24
=15.81
—483.85

-1439.70

~43.98
-8.27
-115.81
-35.65
~125.78
-403.98
-1889.60

0.00

0.00
0.00
-1679.72
0.00
=213.64
0.00

=11567.31

Total
Shift

106.45
0.00
159.80
~70.22
54.0
22.66
0.00
-203.9
-4.22
112.91
298.68
-0.62
64.50
-35.01
885.39
33.06
-66.50
-14.37
544.55
-84.34
-5.97
342.61
-550.56
0.00
0.00
0.00
6604.36
0.00
319.64
0.00

8512.93



216

Table D-7 Water Intake Shifts by Industry Group, Atlantic
: _Region,. 1966~1974 i
(million cubic metres)
' Structural Change Factors
‘ Intake Final Production
Coefficient Demand Technology
Industry 1 -5.42 15.39 -16.08
Industry 2 0.00 0.00 0.00
Industry 3 55.82 5.11 -35.06
Industry: 4 0.00 0.00 0.00
Industry 5 -36.51 20.58 12.72
Industry 6 -12.28 74.24 -54.99
Industry 7 0.00 0.00 0.00
Industry 3 -42.49 45.82 -0.95
Industry 9 -0.17 0.06 -0.32
Industry 10 0.00 0.84 -0.53
Industry 11 =7.43 12.01 -0.23
Industry 12 0.00 0.00 0.00
Industry 13 -249.70 501.69 -167.55
Industry 14 -0.04 0.06 -0.05
Industry 15 2.29 24.90 -3.38
Industry 16 -57.33 101.26 -25.02
Industry 17 -0.45 - 0.57, -0.58
Industry 18 -0.78 2.21 -1.64
Industry 19 =-27.03 - 93.94 -29.61
Industry. 20 -0.24 0.69 -0.57
Industry 21 -0.10 -1.27 -0.73
Industry 22 -90.65 145.19 -23.49
Industry 23 -56.25 152.18 -55.03
Industry 24 0.03 0.00 0.00
Industry 25 0.00 0.00 0.00
Industry 26 0.00 0.C0 0.00
Industry 27 -334.29 1671.55 -287.71
Industry 28 0.00 0.00 0.00
. Industry - 29 -5.42 41.12 =21.49
Industry 30 0.00 0.00 0.00
TOTAL - -868.43 2908.14 -712.28

Total
Shift

-6.11
0.00
25.88
0.00
=-3.21
6.97
0.00
2.38
-0.43
0.32
4.35
0.00
84.44
-0.03
23.81
18.91
-0.46
-0.21
37.30
-0.12
-2.10
31.05
40.91
0.03
0.00
0.00
1049.55
0.00
14.20
0.00

1327.43
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Table D—-8 Gross Water Use Shifts by Industry Group, Atlantic
Reglon, 1966~1974
(million cubic metres)
Structural Change Factors
Gross Use Pinal Production Total
Coefficient Demand Technology Shift
Industry 1 =5.42 15.39 =16.08 -6.11
Industry 2 0.00 0.00 0.00 0.00
Industry 3 =44.50 242,97 =244.24 -45.77
Industry 4 0.00 0.00 0.00 0.00
Industry 5 ~35.49 22.16 13.70 0.37
Industry 6 -13.16 85.38 ~63.42 8.80
Industry 7 0.00 ' 0.00 0.00 0.00
Industry 8 -314.12 338.40 -7.02 17.25
" Industry S -0.17 0.06 -0.32 -0.43
Industry 10 0.18 1.14 -0.72 0.60
Industry 11 -7.54 14.39 ~0.28 6.57
Industry 12 0.00 0.00 0.00 0.00
Industry 13 -766.73 1378.13 -460.28 151.12
Industry 14 -0.04 0.06 -0.05 -0.03
Industry 15 < 2.05 27.83 -3.77 26.11
Industry 16 -62.99 111.82 -27.63 21.20
Industry 17 -0.58 0.68 -0.70 -0.59
Industry. 18 -0.79 2.21 -1.64 -0.22
Industry 19 ~30.87 97.11 -30.60 35.63
Industry = 20 -1.85 4.91 -4.06 -0.99
Industry = - 21 0.35 -1.40 -0.80 ~1.85
Industry 22 ~123,20 230.90 -37.35 70.35
Industry 23 -187.38 488.81 «~176.74 124.69
Industry 24 0.00 0.00 0.00 0.00
Industry 25 0.00 " 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00
Industry 27 -334.30 1671.55 -2B7.71 1049.54
Industry 28 0.00 0.00 0.00 0.00
Industry 29 -5.43 41,12 =21.49 14.20
Industry 30 0.00 0.00 0.00 -, 0.00
TOTAL -1931.98 4773.62 -1371.21 1470.43
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Table D-9 Watey Intake Shifts by Industry Group, Quebec

Region, 1966=1974
(nillion cubic metres)

Structural Change Factors

Intake Final Production Total

Coefficient Demand Technology Shiftr

Iondustry 1 -6.96 44,08 -46.%5 -9.13
Industry 2 0.00 0.00 0.00 0.00
Industry 3 -1985.59 1714.58 357.23 86.21
Industry 4 0.00 0.00 0.00 0.00
Industry 5 -0.56 15.65 -19.78 ~4.68
Industry 6 -10.10 38.93 -26.55 2.28
Industry 7 -0.07 0.24 -0.17 0.00
Industry 8 =57.29 57.42 -4,28 *© =-4.15
Industry 9 0.04 0.02 ~0.16 -0.10
Industry 10 =10.48 39.82 -12.40 16.%4
Industry 11 i 9.15 12,65 =33.11 -11.31
Industry 12 0.05 0.00 0.00 0.05
Industry 13 -75.61 498.05 =-440,76 -18.33
Industry 14 -0.13 0.635 -0.91 -0.39
Industry 15 -15.00 175.91 -91.04 69.86
Industry 16 8.16 63.05 -70.16 1.05
Industry 17 -0.57 5.67 -10.44 =5.34
Industry 18 -0.05 0.68 -1.91 -1.28
Industry 19 ~18.59 51.84 -18.01 15.23
Industry 20 -0.94 3.76 -6.12 -3.30
Industry 21 -4.92 52.46 ~59.22 -11.69
Industry 22 T -43.35 128.39 -72.11 12.93
Industry 23 -20,23 139.64 -142.98 -23.58
Industry 24 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00
Industry 26 . 0.00 0.00 0.00 . 0.00
Industry 27 -0.%0 298.75 -160.85 S 137.00
Industry 28 0.00¢ 0.00 0.00 G.00
Industry 29 -54.29 222.66 =-30.68 87.70
Industry 30 0.00 0.00 0.00 0.00
TOTAL -2288.24 3564.87 =940.67 © 335.96
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Gross Water Use Shifts by Industry Group, Quebec

Table D=-10
Reglon, 1966-1974
(million cubic metres)
Structural Change Factors
Gross Use Finzl Production Total
Coefficient Demand Technology Shift
Iodustry 1 -5.96 44 .08 -46.25 -9.13
Industry 2 0.00 0.00 0.00 0.00
Industry 3 -7521.62 6773.81 1291.06 143.25
Industry 4 0.00 0.00 0.00 0.00
Industry 5 -6.73 48.67 -47.93 -5.99
Industry 6 -18.40 62.89 -39.91 4,58
Industry 7 =0.32 1.02 -0.71 0.00
Industry 8 -576.71 489.79 80.25 ~6.68
Industry 9 =0.09% 0.08 »—0.09 -0.10
Industry 10 13.63 49.78 . -$25.79 37.63
Industry 11 19,05 13.73 =42.78 <10.01
Industry 12 0.02 0.01 0.00 0.03
Industry 13 =752.43 1483.73 =-912.97 -181.67
Industry 14 -18.23 22,38 =11.47 -7.32
Industry 15 34.18 270.93 -183.73 121.38
Industry 16 -1.69 125.75 -121.43 2.63
Industry 17 -13.45 17.66 =13.16 -8.96
Industry 18 -1.98 2.05 -1.35 -1.28
Industcry 19 -11.79 52.09 =22.79 17.51
Industry 20 -18.56 21.56 =13.38 -10.38
Industry 21 -31.81 127.81 =105.14 -9.13
Industry 22 -194.11 469.00 =175.37 99.51
Industry 23 -365.26 325.48 -578.31 -118.10
Industry 24 0.00 .00 0.00 0.00
Industry 25 0.00 ¢.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00
Industry 27 -0.90 298.75 -160.85 137.00
Industry 28 0.00 0.00 0.00 0.00
Industry 29 -87.51 241.70 -66.49 87.69
Industry 30 0.00 0.00 0.00 0.00
TOTAL -9961.68 11442.75 -1198.59 282.48




Table D-11
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Water Intake Shifts by Industry Group, Ontario
Region, 1966-1974
(million cubic metres)
Structural Change Factors
Intake Pinal Production Total
Coefficient Demand Technology Shift
Industry 1 -4.92 74,39 =-77.87 -8.40
Industry 2 0.00 0.00 0.00 0.00
Industry 3 22.22 33.95 -21.63 34.54
Industry 4 0.00 0.00 0.00 0.00
Industry 5 -37.77 -226.56 240,68 =-23.64
Industry 6 =-17.77 - 52.93 -31.73 ' 3.43
Industry 7 0.00 0.00 0.00 0.00
Industry 8 -3612,32 2933.30 624.80 =54.21
Industry 9 -1.37 0.95 -0.97 -1.40
Industry 10 1.30 53.12 -33.60 "20.83
Industry 11 -18.70 36.23 -6.75 10.78
Industry 12 0.00 0.00 0.00 0.00
Industry 13 -210.95 523.10 -314.63 -2.48
Industry 14 ~1.08 1.21 -0.67 -0.54
Industry 15 0.81 125.76 -83.54 43.04
Industry 16 -498.14 1335.93 -725.37 112.42
Industry 17 -14.26 19,93 -13.59 -7.91
Industry 18 . =3.63 3.22 -2.36 -2.76
Industry 19 +11.23 89.86 ~-35.99 42.64
Industry 20 -10.67 12,97 ~7.09 -4.79
Industry 21 -29.39 71.42 -46.35 -4,32
Industry 22 -107.59 260.65 ~140.65 12.42
Industry 23 -558.01 1198.82 -731.27 -90.45
Industry 24 0.00 0.00 0.00 0.00
Industry 25 ¢.00 0.00 0.00-
Industry 26 0.00 0.00 0.00 0.00
Industry 27 -354.73 4008.22 -1073.17 = 2530.32
Industry 28 0.00 0.00 0.00 0.00
Industry 29 -105.07 289.96 -70.90 113.99
Ingdystry 30 .0.00 0.00 0.00 0.00
TOTAL -5573.23 10899.36 -—-2552.62 2773.51
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Table D-12 Gross Water Use Shifts by Industry Group, Omtario
Region, 1966-1974
i (million cubic me§§§32tura1 Change Factors
Gross Use Final Producrion Total
Coefficient Demand Technology Shift
Iandustry 1 -4.92 74.39 -77.87 -8.40
Industry 2 0.00 0.00 0.00 -0.00
Industry 3 -321.67 691.19 ~440,32 -70.80
Industry 4 0.00 0.00 0.00 0.00
Industry 5 -55.80 -425,80 452,35 =29.24
Industry 6 ~23.43 74.93 =-44.91 6.58
Industry 7 0.00 0.00 0.00 0.00
Industry 8 -4497.88 3664.09 780,59 =-53.20
Tandustry 9 =~1.62 1.09 -1.12 =1.65
Industry 10 15.52 66.64 =42.14 40.01
Industry 11 -22.16 50.84 -9.47 19,20
- Industry 12 0.00 0.00 .0.00 0.00
Induatry 13 -878.21 1817.53 -1093.18 -153.87
Industry 14 -10.58 11.56 -6.34 -5.36
Industry 15 -1.70 393.19 -261.22 130.28
Industry 16 -1043.15 2461.66 -1213.81 204.70
Industry 17 -29.01 37.83 -25.82 -17.00
Industry 18 -8.51 7.71 -5.64 -6.44
Industry 19 116.46 169.89 -70.39 215.97
Industry 20 -26.88 32.65 -17.84 ~12.07
Industry 21 -47.70 150.87 -97.93 5.24
Industry 22 -81.61 345.94 -186.65 77.67
Industry 23 -768.32 1650.63  =1048.44 -166.13
Industry 24 0.00 0.00 0.00 0.00
Industry 25 0.00 0.00 0.00 0.00
Industry 26 0.00 0.00 0.00 0.00
IndustTy 27 -354.73 4008.22 -1073.17 2580.32
Industry 28 0.00 0.00 0.00 0.00
Industry 29 -98.07 - 289.95 -70.90 120.99
Industry 30 0.00 0.00 0.00 0.00
TOTAL -8143.96  15575.01 -4554.22 2876.83
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Water Intake Shifts by Ipdustry Group, Prairie

Table D-13
. Region, 1966-1974
(million cubic metres)
Structural Change Factors
Intake ‘Final Production Total
Coefficient Demand Techmology Shifc
Industry 1 -26.34 578.54 -591.39 -39.19
Industry 2 0.00 0.00 0.00 0.00
Industry 3 11.90 9.33 . =9,15 12.08
Industry 4 =40.96 75.66  ~=35.16 =0.46
Industry 5 -34.64 74.15 -33.94 5.57
Industry 6 : -8.65 22.95 -9.34 4.96
Industry 7 - 0.00 0.00 - 0.00 0.00
Industry 3 -82.55 79.11 . 3.47 0.03
Industry 9 -0.19 0.21 -0.13 -0.10
Industry 10 0.01 0.21 -0.13 0.10
Industry 11 -11.94 18.93 4.19 11.19
Industry 12 0.00 0.00 .00 0.00
Industry 13 -38.88 141.10 -67.23 34.99
Industry 14 -0.09 0.11 -0.07 -0.05
Irndustry 15 3.33 33.11 -21.77 14.67
Industry 16 0.00 0.00 0.00 0.00
Industry 17 -138.46 - 102.31 35.43 -0.72
Industry 18 -0.73 0.95 -0.39 =0.17
Industry 19 -0.38 2.30 —0.42 1.50
Industry 20 -0.25. 0.63 -0.42 -0.04
Industry 21 -3.90 4.10 ~0.83 -0.63
Industry 22 ~=18.17 29.19 -16.85 -5.83
Induscry 23 =-46.08 .81.25 - =54,32 ~19.15
Industry. . 24 0.00 0.00 0.00 0.00
Industry 25 0.00 .00 0.00 0.00
Industry 26-- 0.00 0.00 0.00 0.00
Industry 27 ~108.76 1193.48 -280.31 804.41
Industry 28 0.00 0.00, 0.00 - 0.00
Industry 29 -7.79 56.28 -33.46 15.03
Industry 30 0.00° 0.00 0.00 0.00
Q9 -
Total =553.51 2503.92  -1112.21° 838.20
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Cross Water Use Shifts by Industry Group, Prairie

Table D-14
Industry 1
Industry 2
Industry 3
Industry 4

. Industry .5
Industry 6
Industry 7
Industry 8
Industry 9
Industry 10
Industry 11
Industry 12
Industry - 13
Industry 14
Industry 15

* Industry 16
Industry 17
Industry 138
Industry 19
Industry 20
Industry 21
Industry 22
Industry 23
Industry 24
.Industry 25
Industry & 26
Industry 27
Industry 28
Industry 29
Industry 30
TOTAL

Reglon, 1966-1974
(midlion cubic metres)

Structural Change Factors

Gross Use Final Productioon™ .  Total

Coefficient Demand Technology Shift
-26.34 578.54  =591.39 -39.19
0.00 . 0.00 " 0.00 0.00
-3.34 @27.87 -27.34 -2.81
~46.14 80.72 -37.59 =3.01
~77.43 264,33  -120.97 65.93
-15.60 43.74 -17.80- . 10.34
0.00 0.00 0.00 0.00
-158.13 151.91 6.63. 0.41
©=0.19 0.21 -0.13 ~0.10
10.09 _ . 0.39 -0.23 0.25
-11.72 23.81 ' 5.27 17.36
. 0.00 0.00 . 0.00 0.00
-219.04 679.13  -323.59  136.50
-0.11 0.13 ~0.08 ~0.06
9.62 179.92  -118.31 71.23 -
0.00 ..  0.00 0.00 0.00
-154.50 121.17  -146.89  -180.22
, -0.76 0.99 -0.40 - =0.17
-0.51 . 4,92 ~0.90 3.51
~0.89 2.12 =1.41 -0.18
-11.91 - 11.20 -0.86 -1.57
—£7.62 152.54 -88.11/. -3.19
-355.99 597.43  -399.48  -157.96
0.00 . 0.00 _ 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
-108.58  1193.48  =-280.31 804.59
0.00 0.00 0.00 0.00
-7.79 ,  56.28 -32.66 .  15.83

0.00 0.00 0.00 0.00

-1256.86  4170.84 -2176.48 737.49
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=407.77

0.00

LA :
Table D~15 Water Intake Shifts by Industry Group, B.C.
Region, 1966-1974
(million cubic metres)
Structural Change Pactors
Intake Final Production Total
Coefficient Demand Technology Shifr
Industry 1 =75.27 308.41 -285.12 ~51.98
Industry 2 0.00 0.00 0.00 0.00
Industry 3 1.95 28.89 -23.23 7.60
Industry 4 1.80 1.58 -0.47 2.90
Industry 5 2.78 17.56 -17.19 3.14
Industry 6 -2.97 14.66 -9.21 2.49
Industry 7 0.00 0.00 0.00 0.00
Industry 8 «~0.02 0.03 0.01 0.02
Industry 9 0.00 0.00 0.00 0.00
Industry 10 0.038 0.08 -0.04 0.12
Industr 11 =165.56 172.34 63.94 70.72
) Industig 12 0.00 0.00 -0.00 0.00-
Industry 13 - =153.29 691.63 -224.03 314.30
Industry 14 0.00 0.00 0.00 0.00
-Industry 15 -12.47 25.02 -8.19 4.35
Industry 16 38.26 83.30 -263.05 -141.48
- Industry 17 -0.16 1.03 -0.62 0.24
Industry 18 =0.05 0.69 ~0.45 0.19
Industry 19 -6.14 17.07 -4.14 6.80
Industry 20 0.04 0.05 =-0.01 0.09
Industry 21 -0.92 -0.86" 4.17 - 2.40
Industry 22 -1.10 40,98 -27.33 -12.54
Industry 23 =7.45 _ 88.74 -78.55 2.74
Industry 24 0.00 .00 0.00 0.00
Industry 25 0.00 0.00 .00
Industry 26 0.00 0.00 0.00 0.00.
" Industry 27 -16.09 213.26 -80.57 - 116.50
Industry 28 0.00 G.00 0.00 ~0.00
Industry 29 - =11.19 74.91 -28.69 35.03
Industry * 30 ¢.00 0.00 .0.00 0.00
Total 1779.36 -982.76 388.83

iz
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4545.03

Table D-16 Gross Water Use Shifts by Industry Group, B.C.
Region, 1966-1974
(million cubic metres)
Structural ‘Change Factors

Intake Final Production Total

Coefficient Demand Technology Shife .
Industry 1 =-76.57 309.12 -285.75 -53.20
Industry 2 0.00 0.00 0.00 0.00
Industry 3 -16.25 102.27 -82,23 3.79
Industry 4 -147.33 159.70 .=47.72 -35.34
.Industry 5 -2.92 31.67 -30.51" -1.76
Industry 6 -4.37 16.16 -10.14 1.65

Industry 7 . 0.00 0.00 0.00. .00 .
- Industry 8 - =5.25 4.04 1.49 0.28
Industry 9 0.00 0.00 ¢.00 0.00
Industry 10 0.50 0.14 -0.13 0.51
Industry 11 -137.39 180.13 67.03 109.77
Industry’ 12 0.00 0.00 0.00 0.00
Industry - 13 =2649.96  2908.44 -942.10 -683.63
Industry 14 0.00 0.00 0.00 0.00
Induscry 15 -17.86 29.81 -9:77 2.19
Industry 16 -13.35 122.75 °  =387.62 =251.51
Induscry 17 ~3.06 3.17 - =1.93 -1.82
Industry 18 -1.13 2.11 -1.36 -0.39
Industry 19 -4.01 17.62 -4.27 9.34
"Industry 20 v =21.47 24,18 -2.73 -0.03
~ Industry 21 -6.821 . ~2.28 11.41 2.31
Industry 22 - =%0.07 123.97 -86.03 =47713
Industry 23 -126.70 208.84 -184.82 1102.67
Industry 24 000, 0.00 0.00 0.00
Industry’ 25 0.00 ¢.00 0.00 0.00
Industry @ 26 0.00 0.00 0.00 0.00
Industry * 27 -23.80 217.67 -82.24 111.63
Industry 23 0.00 . 0.00 0.00 0.00
Industry 29 -20.58 80.53 -30.83 - 29.12
Industry 30 - 0.00 0.00 0.00 0.00
Tatal - -3341.68 -2110.23 -906.88

\.,



The following 1ist shows how the commodity groups for the 1966 input-

Final Demand and Output Data for 1966

Appendix E

General Note

J

&

™

output table were allocated to industrial groups.

-

Industry Includes these commoditiess:
l. Agriculture..v.eeceececesncaa tesssnns .Grain, Other Agriculture
2. Forestry, Fishing, Hunting....eeos... .Forestry Products, Fishing
and Trapping Products, Trapping Products
3. Metallic Minerals..( ................ +«Iron Ore
4. Mineral FuelS.....ehevesoncoasnnnan .. .Crude Petroleum, Natural
’ ' . . Gas, Coal
5. Non-metallic Minerals..ec.se.v0ueee...Sulphur, Asbestos, Other
Miperals.
6. Food and BeverageS..eeceseecsvsonss «+..Meat Products, Dairy Products,
’ ) Fish Products, Feed, Flour and.
Wheat, Other Grainm Mill Prod-
ucts, Bakery Products, Soft
Drinks, Other Foods Products,
Alcoholic Beverages
7  TobacCo ProductS.csceeseeesasesasas +..Tobacco
8. Rubber and PlasticBiceceececvennancnns Tires and Tubes, Other Rubber
‘ ) Products, Plastic Products
9. Leather ProductS.csceecceseenns cearene Leather Products )
10. Textiles, Knitting MillS...eceeuennnn. Yarns and Man-made Fibres,
and Clothiug Fabries, Textile Products,
. Clothing
11.  Wood- Products.. ............. sessesesssLumber and Plywood, Other Wood
Products
12. Furniture and FiXtUTES....eevvennnn.. .Furnigure and Fixtures
13. Paper and Allied ProducCtSeeeecevees. ««Pulp, Newsprint, Other Paper
- Stock, Industrial Paper Prod-
ucts Household Paper Products
l4. Printing and Publishing......ec..... @ ¥.Printed Matter
15. Primary Metals, €XCEPL veeeveeseanosan Aluminum Products, Copper and
Iron and Steel Copper Alloy Products, Nickel
Products, Other Non-ferrous
. ‘Metal Products
16. Iron and Steel..ieesnne. Ceeervassssuns Iron and Steel Products
17. Metal Fabricatingsseeeeeeeeceneesanness Metal Fabricated Products
18. Machinery...eeeeaeeas Gbeeasenacnrnn ~.-Agricultural Macipery, Other
) . Industrial Hachinery
19. Transportation EQUipmEnt.....ceeeltovees Motor Vehicles, Motor Vehicle

Parts, Other Tramsport

.Equipment

226
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[

20. Electrical ProductS.ee.ececesve.e......Appliances, Other Electrical
Equipment
21, Non—metallic Mineral Products.........Cement and Concrete Products,
' Other Non-metallic Mineral
) . Products.
22. Petroleum and Coal ProductS..si.s.....Fuels and Petroleum, Other
Petroleum and Coal Products
23. Chemicals and Chemical Products.......Industrial Chemicals, Fertili-~
. zers, Pharmaceuticals, Other
e Chemical Products
24. Miscellaneous Manufacturing...........Scientific Equipment, Other
Manufactured Products
25. Construction..........................Residential Dwellings, Non-
residential Bulldings, Roads,
Highways and Airstrips, Gas
01l Facilities’, Dams and Irri-
gation Projects, Rallways,
o~ ‘ Telephone and Telegraph Instal-
' ‘ lation, Other Englneering
Structures, Repailr Comstruction

-

26. Transportation, Storage and
Communicatiofeeeeceesssseasss-...TTansportation Services, Trans—
portation Marrgins, Communi-

cation “ .
27. Electric PoWwer....c.vceecuesseees.as--.Electric Power
28. Gas and Other Utilities......sc.......Gas and Pipeline Margins, Other
- Utilities
1 29. Wholesale and Retail Trade............Wholesale Trade, Retail Trade
30. Other........ ceessessreiesnessrsssess.Finance, Insurance and Real
' Estate, Persomal Services

. . ///yﬁinessvServices :
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Appendix F

TransPoséd Inverse Matxices for Canadm and its Regions
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Sample Industrial Water Use Survey Questonnaire
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Fisheries and Environment Canadz - - .
. ) o WATER USE IN MANUFACTURING IND TRIES 1976
in all correspondence concerning this QuUELLIoNNsite Si vous désirer un questionnaire en francals, veuiller Dt retourner
plasse refer 10 the firtt seven digits in.the top line ’ 4 In Division des industries manufacturidres et primaires, Statistique Caneds,
of the mailing sddress below. Otroawe, K1A 076 .

")

Mailing Add&u (Please correct if nocessary) ‘ Physics! Location bf Establishment (Plesse correct if necaisary)

L : . L S

Form EC-5-3309-2.1

SECTION 1: GENERAL INFORMATION

1.1 AUTHORITY  This survey it conducted undar the authority of the Sratistics Act Statutes of Canada, 1870-71-72, Chapter 15, which guasrentest the CON-
FIDENTIALITY of your raturn. The ACt sls0 states thattha fllingof & compieted return by this eswablishment is compulsory. Under Section
11 of the ACt an sgresmaent has been mads with the Dapartrnent of Fisheries and the Environmant 1or the sxchanpe ©of dats reported hatein.
SUBJECT TO YOUR APPROVAL, UNLESS YOU OBJECT IN WRITING AND MALL YOUR LETTER TOGETHER WITH THE COM:
PLETED QUESTIONNAIRE TC STATISTICS CANADA, tha Manufacturing and Primary Indurtries Division of Statistics Cenada, will share
the dats with the Department of Fisherie: and the Environment. Thay will in turn share thit data with the provincist sgencias lirted In the
covering tutter UNLESS YOU OBJECT IN WRITING. / )

1.2 COMPLETION Thas dats inciuded in this report must

Ists to your calandar yesr 1976, Pleate complate this quettionnaire within :‘D days of recaipt, retain
AND RETURN ons copy for your files and return o

copy 1o Statistics Canada utiliring the return envelope provicded,

NOTE (i) Shaded sreas are for otfice usa baly. * — .
. - { .
] (1}) Wetsr volumaes are 10 be r-'pon g in “thousands of Imperisl gallons™ Der sverege operating day: sacept whare specified,
{7 1f you wish 10 receive a copy of the sggregatie resuits from the 1972 Survey, plssse chack this box. ™
. - .
9 P .
L. DETAILS OF OPERATION - CODE NUMBER
1s JIndicste the avarags annus! numbar of amployeet. Production snd felsted workers B . i -
s . B
Administrstive, sales snd office workers 1.2 -
- N B
~
Towl 1.3
1ib Indlcate the number of deve of oo.ut'-e’l{n duﬁnn the reporting period L 1.4
2 ™~
. ‘ . {
1c Indicats the number of-hours worked in an sverage day - ' 1.5
{
id Indicats the major product produced by your plant ong! list e process used, {So that distinction between d'roducu meade by differsnt procetse
can be mada.) R '
PRPDUC'{ . . PROCESS
./ v .
N . t
‘ 4 i

067-2143E (10/77) .o ' Pope 1014
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SECTION 2: WATER INTAKE BY KIND AND SOURCE

AN -
AN

INSTRUCTIONS * (i} In this SecTion report the QUSnTRY Of New water Drought in1o Your ODeralon. Forﬁho purpose of this QUESLIONNAte, New water it deTined

»s water introduced for the first time in this operstion, regardiess of quality or

L) -
(2] Brackish water is dafined s1 weNrTonINining move than 1000 perts per miliion of dissolved solwdi
tiii) In ltems 28, 2D and 206 dewcribe DuTCe by piving the nama: )

(iv) In Iterns 2¢ and 2¢ plesse specity the tyDe Of source.
v} Ip item 28 please include the valume of water supplied by any type of water utility which sarves sither the general public and/or anothar

. industry. .
. ." \ .
{wil in items 20 to)d’p{nl Include water obtained Trom your Own water supply syftem and your portion of water obtained from eny joint
water PPy system, EXCLUDING WATER RECIARCULATION IN YOUR PLANT AND WATER PUMPED BY PLANT FACILITY
BUT INTENDED FOR USE OUTSIDE THE INDUSTRIAL ESTABLISHMENT, -

{wil) Place a 1" in the box marked "M™ if the quantity iss M-r-d' figura; If box “M™ is It Diank, It will be sssumed that tha Ligurse ls a0

sstimate.
. Volumes par day "000 imperial gations)
SOURCE - cOoDE
[ ] Frash ™ Srackish
28 Public water UTIHITY SYSTOM (NBME} L oorsrinsrriammsssnssaessesmssssssnsssnnmnee | &1 : X WX
Sell-gupplind surisce water . )
26 syrtem (lake, river, 91C.) (NBME) oo et e b e 22 - x xx'x
2 Selt-aupplind groundwater ‘ 25
© gystem (well, $06ing, #16.) (ID0CITY] st s
T Self.supplied tide watar lsalt water] bod - ’
2d (bey, ocean, BTC. ] LPVITUE) «oeceeeisvseempannnsessinsesosass srenbtrrrarssssaararnnn s nebrrne v s ansans 24 x xxx
Ze Other sourcet (BDeCHY) ot e U, 28
{ . - =
21 \'bul water intaks (sum of 2a 10 2e) * > 2.y -
h o] 6§ "?

SECTION 3: TREATMENT OF INTAKE WATER AND COST OF ACOUISITION:

o, .
N B
INSTRUCTIONS  indicate the amount of intak¥ water 1raated prior To v, In the soace afier epch catepory Of traatment, indicate the spacific process used.

= ) CATECORY OF YREATMENT copg | Ofike cooe immerlil sations)
b -
O Filvation [apeciy TPl e . 2.1 \\
3b  Chionination & dininfection lpecify typel OO STPYPOREYSTI I TIPS ST LI a.z
) . -
:_'.!4: Corrosion snd shime control (:bcci'v' DL - 3 PPN TSS P PP PRSP L DRI PLTL EESITIU LTI 33 o
3¢ Hardness and aikalinity controt (specify wpc)_.. . 35
A1 Other (BReCiTY) i et sran e TV UVRURRRNUTURURRNNRPPRPPY - X
3g Total smount of water trestad (not ncct:ul'ily squal 10 tha sum of ‘the figures r-ooq._ng in 21) ar X .

3n  Total amoUnt s0enT on PUrchasing watar (if 8ny] G 1976  c.ouerrueerereccesssssrsssssesssssnssssssssssssgierssnnees | 3B Tcost |3

Page 20t 4
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SECTION 4: WATER INTAXKE BY PURPOSE

INSTRUCTIONS Report the smount of watsr used within the industriat punt by initial use.

tion should NOT include recirculated water. In 4d “Other

Uses” should gt include water pumped by plant hcl;_hy and Intended for ipitisl use outside the industris! establishment, Place & 17 in the

box marked "M~ H the quantity is & mawered Tigurs: if box ~M™ s left Dlank, it will be sssumed that the figure it en estimate. .
. . RPOSE ' . Wolums r day
b ™ ) .. ’ CO'DI ™ 000 Imperial galions)

Process water — inciudes Bl water which comas in direct CONWCY with p?odueu snd/or materiats. It ta turther ¢
A3  getined 10 include water which i1 consumed in milling and specisl processes, water which is ncluded in finat 4.7

output, Of water which has Desn used 107 SnOther Durposs but which is finslly used N Process water, . .

Cooling, condensing snd stesm — Defined a1 water which goe not come in direct contact with the products, .
an materials or by-products of the processing operstion. includes pas-through water used in the operation, a2

' cooling O process squipment linciuding sir conditioning} mnd water lm_roducod into boilers 10r the 3 .
production of gtssm {or process Operstions OF SIeCTHC POwer. .
" 4c  Sanitary sarvice a3
dd  Other uses (specity) e . 44
- -~ . ‘ -

as Totsl {&s to 4d. must equal sum of tigures regorted in 21) J B .1 ]

-

SECTION 6: WATER RECIRCULATED OR REUSED BY PURPOSE

. INSTRUCTIONS’
1

~

“If boa **M” is lefT blank, it wilt be gssumed that figure it an extimate.

If thare wes any water recirculated or reuvssd within your plant, Pleass indicate thc' sdditional quentity of wn-tr that would heve been
required by purpose, had no watsr been recirculated or reused. Plasse Dlace 3 17 in tha box marked “M* if m- quantity is » metered f-gur-

rd
- 0. L. POSE [ Volume parday - I
PUR B coDE | M €000 Imperial galions)
S5a Proceus . 8.1
1
3 5 -
' .
55 Cooling, condenting, erc, )\/ . . 52 .
B Other uset (B08CITY) . . Bd &\ ) b
ot ] .
%d  Towl (itemt Sa 10 5¢) - E 5.5
- . SECTION 6: WATER DISCHARGE
INSTRUCTIONS (i) In this wction ;.ntu- report the volurmne Of sl water routed 1o its uitimate point of discharpge. - .
(1) Do _not upot: th- volum of watsr held in ponds, upoom. or basing and intended for eacirculation or riese untll w:h htur Is actualty
detharo.d . . .
[§113] not include the volume of water wa in production, through mopor-tion. of Othatwise COnsu and not broupm e the ultimsts
point of diuhnrg.. L. - - .
() Im ltens B8 To 8C Dlease CaNct lDe polnt Of Discharpl by giving the nameg.
‘it Irem 66 plasse epecity,
{vi} In item [ plasse identity the use Iﬂl.nd.d / - ‘. i
twil} Place a 17 in the bon marll.od\ﬂ” if the quantity l»s metersc 1lpurc' o box “M" is taft blank, It will be smumed that the figure is an
estimate. "
" ro- ! ' Volume par day
DISCHARGE POINT. - coor (™ CODO imperial gallons)
. . B} - 4 LN
Public utility sewer . I - . i
6+  municipatity, e1c.) (name) ... arenilo) L .
Fresh watar body : "
65 ik, river, otc.} (nemel ... e Chresrsvessraiasnesastaeanes 'CJ
Tide water (ssit water} body )
6 (hay. ocean, 47C.) (NBME) i [— €3 o~
< .
Grdund {incl. ssapage from . -
6d  poiding ponds, lagoons, eic.} (specity) oo . : e eseariirsamsrarerreann ann €A
Tunn!ﬂrod 10 Other Uses outside h ) . '
B¢ ,iant sfter use in process (use) ... . rersvcansoismmmasasinsamsnsnssssrnes |
- N ' - P ~ . .
&1 Totsl water discharps {muil be equsl 1o O lgxs than amaunt ;!porud n da) -~ [ %3 .
. ) - A 4

>
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SECTION 7: TREATMENT PRIOR TO DISCHARGE

INSTRUCTIONS:  i1n Itsms 7b 10 70, 30ecify treatment process used in each of the trastTment Mathods. N
-
.NOTE: if more than ONe trestment MeThod kb employed, the tots! reported In 7e¢ may axceed the 101! reported in 7a.
” Otiies Vol-um dny
TREATMENT METHOD cobt | “Gae 000 Impearist gattons)
7a  indicsts the totsl volume of water trested prior to discharge (If sny) 7.1
7t Prirnary lspecity of Vi = 2
. [ 3
i RC N . .
7c  Secondary (spscity procem} (i) ol 2.4
[1TH) 2
7d  Tertiary (specity process) (i) ...ceeene. eeesemeeeesstesesenssiamseretAtEETAEbRERESLEESsLEtaTRaNs P KSR SRR A s ey s s /7 3
(i} e eeeunessiERsssstvauns punsbboiat \nmesssnmmsrEnessessnaaTemnnasias - 7.7\
. \._5 :
7s Tots! (items 7b o 70} 78 -
Y
5 .
s
e
71 Pleass sstimate the 1018l cperation and maintenances cost 79 "‘/COST s
of treating waste watar in 1TD76, 88 rePOrted In Ta BDOWE ...ooimiii st tirisrsrar s tess sty .
SECTION B: MONTHLY TOTALS b
INSTRUCTIONS  In this section break down, &t sccutstaly as possibie, The 1otal yearly water intake and -uu'r discharped
into monthiy toisls. Report «n thousands of tmperial gallons per month. <
-po0 Imperisl gallons per month *000 Imperial gslions par month
Month Cods Month Cods -
Intaks DHicharge Intake Discharpe
January 8.1 July 8.7
February | B2 August 8B
=
March 8] Septsmber | 8.9
April [ ¥ ) October 8.10
May 8.5 Novermber | B.11
Jung 86 Decernber { B.12
-t TOTAL 8,13
CERTIFICATION:
1 cartity that the information contained harain is complets
and correct 10 the best of My knowledge snd belief and covers the calendar yesr 1876,
Signature of suthon zed Decton Title Date
Name of contact regarding this report Aodress {if ditterent from {ront pepal Telsphone Telex
laras code | number axt,
Page dof &4

067-2043€ (10/77) '
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