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MAIN POINTS

" The following is a summary of the major findings of
~ this study. These conclusions, ahd.the mOre_detai1ed results in
fthe,text, are‘only significant in the pohtext of the background

material and methodology presented in Chapters 1-3:

1) _ The insta]]ation,of water pollution abatement plant

- in puip and}paper miTis Consists hain1y.of onsite

construction of-treatmént,faéiiities.

2) Important linkages between the activity of installation
of pulp and paper-éffjﬁent treafmeht:plant and the con-
“struction, metal fabfféating,bconcrete products ,
e]ectrica]lproducts and otherlbqilding'materials
prodﬁcing industries are‘initiétéd if compliance with
the Pulp ahd Papér Effluent Regulations is assumed
'dn‘the basis of existing or 'best practicable' tech-

‘ no]ogy. _The puip and paper industry_consumes that
vapart'of the product of ‘the new pollution abatement
~equipment jhdustry defineq by'thesevlinkages.

3) | ’On’thé basis"of the number of mills existing in 1971,

I'their eff]uént conditions and.fioW'rates, it is
“estimated that'cépital eXpenditures amounting to

$478 million would be required in the period 1971-80



4)

_ .

6)

for those mills to comply fully with the Pulp and Paper
Effluent Regulations of November 1971. This total is
distributed among primary, secondary and recovery
treatment types in the proportions,33%, 22% and 45%,

respectively.

The total value added to the economy; or gross domestic

pfoduct at factor cost, resu]ting;from the production
of all materials used in constructihg‘pulp and paper
effluent treatment plant, together with the labour

services used in onsite'construction,_is estimated to

be $704 million on the basis of the assumptions given

in Ch. 3. The value added per_do]]ar’bf capital ex-

penditures by treatmént'type was estimated to be $1.56,

-$1.59 and $1.35 for pkimafy, secondary and recovery,

respectively.

~ The employment generated by total capital expenditures

on effluent treatment plant is estimated to be 65,652
man-years, of which 15,610 man-years are required to

produce all material inputs used in such construction.

The value added to the economy by the required expen-
diture on effluent treatment plant exceeded what would

be added to the economy if that expenditure was made

- vi -



7)

8).

in the usual capital expenditure pattern of the pd]p

and paper industry..

vThe main explanation of the result in 6) above is

the muéh greater direct import leakage, 29.5 percent,
associated with usual pulp and paper capital expendi-

ture, as compared with 3.7 percent of expenditure

“on installing effluent treatment plant.

Industrial machinery acéountéd for 47 percent of
usual pulp and:papef capital expenditures aﬁd 89
percent bf'direct imporfs. In chtrést, the onsite
construction of eff]ﬁent treatment plant involves
little expenditure; 3;2'percent, on prefabricated

industrial machinery of which 34'percent was spent

on imports.

- vii -



POINTS'ESSENTIELS

Ce'qui suit est un.sommaife des'principa1e§ conclusions
 de cette étude. Ces conc]us1ons ainsi que 1es resultats p1us
détaillés dans le texte, ne sont s1gn1f1cat1ves que dans le con-
texte du matér1e]-de base et de la méthodo]og1evpresentés aux
Chapitres 1 a 3: _
1) InStaI]er un appareil de dépo]lution-de 1'eau dans les
'uSines-dé patés et papiers'keQieht'prinéipa]ement a

COnstruire'a pied d'oeuvre des moyens de traitement.

2) | L observance des réglements sur 1es effluents des pates

et paplers selon la techno]og1e existante ou "la plus

prat1que" entratne d' 1mportantes connex1ons ‘entre
- 1lactivite consistant a_1nsta1]er 1 appareil dé traite-
meht‘de ces eff]ﬁents et les induStrTés-de 1a construction,
de la fabr1cat1on des métaux, des articles en béton, des
produits électriques et des autres matériaux de construc-
'.tion. L'industrie qes pates et papiers consomme cette:
partie de 1a'production.de ]5 nouye]ie‘industrie d' équipe-

ment de dépo]]ution,4té11e'que définie par ces relations.

-3) | Sur la base du nombre des usines existant en 1971, des
cqnditions ét‘des débits de leurs effiuents, on évalue

3 $478 millions le montant des dépenses en immobilisations

- viiio-




5)

6)

qui seraient requises durant la période 1971-80 pour

que ces usines se conformént.aux Reéglements sur les
Effluents des Pates et Pépiers de novembre 1971. Ce
total se répaftit entre les types de traitement primaire,

secondaire et par récupération dans les proportions

' respectivés de 33, 22 et 45%.

En se fondant sur les hypothéses posées au Ch. 3, on

- estime 3 $704 millions la-plus-value totale, ou le
- produit domestique brut au prix de gros, résultant de

~la production de tous les matériaux utilisés pour la

fabrication de ]'éppakéi] de -traitement des effluents
ainsi que‘]a main d'oeuvre emp]oyée,bour la éonstruction
a pied d'oéuvre. La plus-value par dollar dépensé en
immobilisationS a 6té évaluge respectivement 3 $1.56,
$1.59 et $1.35 pour les types de traitement primaire,

secondaire et de récupération.

"L'emploi créé par les dépenses totales en immobilisations

relatives a 1'appareil de traitement des effluents, est

8valué a 65,652 hommes-années,‘dont_15,610 sont requis

. pour produire_tousllés-matériaux utilisés dans une telle

construction.

La pTus value résultant de 1'investissement nécessité

par 1'appareil de traitement des effluents était plus

- ix -



7).

g

grande que si 1'investissement avait eu lieu selon le

_scheme ordinaire de dépenses en 1mmob111sat1ons de 1'in-

:dustr1e des pates et pap1ers

Le résu]tat repporté au Ch 6 c1 -dessus s exp11que surtout

par la fu1te beaucoup p]us grande a 1'importation directe,

29,5%,'ord1na1rement asspc1ée aux dépenses en immobilisations,

: 3 comparer & ce11e§ de 3.7% podr_fnsté11er un appareil de

traitement des'effluents des'pateS'et-papiers.

. La machinerie'indUStrie11e eomptait pour 47% des dépenses

en immob11lsat1ons courantes dans 1'industrie des pates .

et pap1ers et pour 89% des 1mportantes d1rectes Par contre,

la construct1on a pied d' oeuvre de 1 appareil de traitement
_.-des effluents 1mp11que une fa1b1e mise de fond 3.2%, sur
':1a mach1ner1e industrielle préfabr1quée, dont 34% était

- pour les importations.




1. INTRODUCTION .

‘The commitment of hodern communities to the abatement of industrial
pollution has induced an a]]oéation_of resources to that activity. Associa-
ted with this activity are the backward linkages with other induétries_whose
products are the equipment, material and service ihputs used in constructing
pollution abatement plant. The activity of industrial production of pollu-
tion abatement equipment is new, and, as such, is not separately identified
in the Standard Industrial Classification of Statistics Canada. This report
addresses'itse]f to the problem of identifying the complex range and quanti-

. ties of equipment and ﬁateria]s used in .the construction of pollution abate-
ment iaciiifies. Howeier,_the problems of defining the sources, and measuring

the value, of this addition to overall economic activity, still remain.

This study is concerned with one consequence* of the institutional
removal of discretionary action over liquid waste treatment in the pulp and
paper. industry by the firms éomprising that industry. That conséquence is
the derived demand for inputs of materia]s énd labqur for installing water
po]]ution‘abétement plant SuffiCient for those mills existing in 1970-71 to
comply with the Pulp and Paper Effiuent Regulations by 1980. Qualitatively,
this'derived demand is composed of gbodsiandvserviCes already produced for

other useS by domestic industries. The particular objectives of the study,

A consequence of environmental policy which is the more frequent pre-
occupation of economic study is the effect of such a policy on the
industry itself. A theoretical implication of the forced internalization
of fixed abatement costs is that mills which have difficulty in meeting
their average variable costs will experience a disproportionately larger
debt burden on their investments in fixed plant. Shutdowns may follow.
This kind of prediction is not being investigated in this study.
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described in Chapter 2, are £he identification of such industries and the
eétimation of the magnitude of their contribution to grossvoutput and
emﬁ]dyment'in meeting this demand;-

More generally, as is suggested in Chapter 2, estimates of the
gross benefits to the etonomy resulting from the po]icy prescribed in the
Pu1p and Paper Eff]uent'Reguiétions, form part of the data which would be
required for a cost-benefit evaluation of this policy. The costs are the
value of investment a]ternafiyes foregone in restricting the use of a set
of resources to that of water pollution abétement in fhe pulp and paper
industry. If the economy'ié operating at full employment, this cost will
be higher than}othenwise, The benefits are, in additidn to those measured
in this Study,ithe imputed value of cleaner water courses resulting from
this policy. To complete such an evaluation, a similar set of results would
be required for operating costs. Where, for example, the present value of
additional costs resulting from a change in the effluent standards exceed
that of the additional benefits of such a‘change, the standards are too
stringent and should be relaxed.

Chapter.2 contains a_descripfioh of the nature, technb]ogy and
economics of water pollution abatement 1h the pqu and paper industry
vterther With a summary of the objeétives of the study. The underlying
'assumptions and methods of obtaining esfimates both of required capital.
expenditure and of impact measures are outlined in‘Chapter 3 while the
following two chaptefs cbntain summaries of the impact on output and em-

ployment respectively.
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2. STUDY BACKGROUND AND- OBJECTIVES

2.1 Water an]ity Deterioration and Abatement Technology

Water use in the pulp and paper industry

Water, in combination with wobd, power and labour, con-
stitutes a major resource input to the pulp and paper manufacturing
process. Water use in this process may be categorised, following

1/

Kneese and Bower,— as:

i) cooling or thermal control of machinery to
ensure operating efficiency, .

ii) processing.or combination of water with any
input or output in all phases of manufacture,

jii) boiler operation or use of water in steam
production, and

jv) sanitation.

~ The critical transformation of this fesource, which results
in its degradation or 10;5 in value to subsequent users, occurs in
stage ii) above. In the woqd preparation phase water is used for
washing the logs and, in the form of high-pressure sprays, for
~barking. In chemical puiping pfoeeSSes'the dissolution and removal
of Tignin and other fibre bihdfng material is effected by cooking
with a disso]ving 1tior (acid or alkaline in sulphite or kraft

processes, respecti?e]y)‘and then washing with water to remove the

_—/ A.V. Kneese and B.T. Bower, Managing Water Quality: Economics,

Technology, Institutions, RFF, Johns Hopkins Press. Baltimore 1968.



lignin and the cooking chemicals. The pulp may be screened,
bleached and washed with water several times depéndihg on the colour
required. Finally, a;mixture of approximateTy 99.5 percent water
and 0.5 percent pulp forms the input to the paper machine. In the
other major pulping process, groundwood, the wood fibres are se-

parated out by mechanical disintegration 6f the logs.

In pulp and paper manUfacture sincé}a‘vefy small proportion
of water intake is dissipated‘in'the productibn process the require-
ménts for waste wafer dispbsaT are large and water reuse in process,

‘a form of inp]antvtféatment, becomes a viable alternative. In 1970
the daily wateruintake of the pulp and paper industry was 2.417 billion
gallons of which 3.6'pefcent‘was éonsumed. Among primary manufabturing
industriés.the pulp ahd paper industry had the largest water intake,

38.5 percent,. as shown in Table 2.7.

TABLE 2.1 TOTAL WATER INTAKE BY MAJOR INDUSTRIAL GROUP 1970

Industrial Group = . - Percent of Total Intake
Pulp and Paper ' 38.5
Smelting and Refining 27.1
. Chemicals 9.6
Petroleum Refining 6.9
- Food and Beverages 5.9
Plastics 5.5
Textiles 3.2
Concrete Products 2.8
99.5

SOURCE: D.M. Tate. Water use in the Canadian Primary Manufacturing

Industry. Water Planning and Management Branch, Inland Waters

Directorate. Dept. of the Environment. Ottawa. August 1972,
mimeo. :



Regionally the pu1p‘and baper industry had the largest water intake
except in the Prairie and Ontario Regions. It consumed the smallest
proportioh of water intake in all regions except Ontario. This is

-shown in Table 2.

Effluent Toads and conventional treatment systems

The effluent discharge of pulp and paper mills, which trans-
forms the dua]ity,of receiving waters, given their assimilative
capacity,.and modifies the cost to subsequent.and alternative users,
consists of suspended solids, biochemical oxygen demanding substances
and colouring, foam-creating or toxic material. Suspended solids,
mainly 1norganic waste,‘consist‘of clay partié]es or grit from
woodroom operations, bark finesland broken fibres unchecked by plant
scfeening systéms. These materials give risevto sludge banks which
occupy §pace otherwise ihhabited by aquétic Tife; render watercourses
‘éesthetica11y disbieaSing-to local communities; decompose slowly and
ab§orb oxygen otherwise usab]evby water purifying organisms or nec-

cessary for the decomposition of microbiotic wastes.

Extreme imbalance between available oxygen and excessive
oxygen demand ih.watercourses may give risevto aerobic, or septic;
conditions. The.organic wastes, 1arge1y in the form of spent
cooking liquor containing nonfibrous material from the'woodchips

are the major source of biochemical oxygen demand, BOD, which is



TABLE 2.2 REGIONAL WATER USE BY INDUSTRIAL GROUP

of the Environment.

Ottawa. August 1972,

mimeo.

PACIFIC PRAIRIE _ ONTARIO QUEBEC ATLANTIC
Water Intake| Consumption | Water Intake{ Consumption | Water Intake Consumption Water Intake| Consumption | Water Intake| Consumption
INDUSTRIAL GROUP % of Regional|% of Regional|% of Regionall|% of Regional|% of Regional|% of Regional|% of Regional{% of Regional|% of Regional|% of Regional
Total - | Water Intake Total Water Intake Total Water Intake Total _ Water Intake Total Water Intake
~Pulp & Paper 64.7 3.5 16.4 2.3 23.2 14.3° 44.3 3.6 59.5 3.1
Smelting and . _ - - o :

Refining 24°5 - 5.1 54.6 2.6 31.7 6.5 18.2 6.9 11.4 7.0
Petroleun Refining| = 4.9 15.2 5.7 15.1 9.7 15.0° 3.7 15.2 n.2 15.2
Chemicals and . , . . .

Plastics - 0.3 13.3 8.6 12.2 25.2 8.3 16.2 9.0 4.3 8.5
Food and N - C

Beverages 3.2 7.9 9.9 8.9 5.2 9.3 5.4 9.4 11.5 7.9
Textiles, Leather . ) i

and Rubber 0.0 12.5 0.1 5.6 2.3 6.9 9.4 6.9 0.6 9.4
Concrete 2.4 10.1 4.7 10.7 2.7 11.1 2.8 11.4 1.5 16.5
TOTAL 100.0 4.8 100.0 5.1 100.0 7.6 100.0 6.4 100.0 5.9
SOURCE: D.M. Tate. "Water Use in the Canadian Primary Manufacturing Industry".

Water Planning and Management Branch, Inland Waters Directorate. Dept.
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" the amount of oxygen required for the biological decomposition of
organic solids under aerobic conditions in a specified time period
(usué11y-5'days),“;5 |

| Co]our and acidity prébiems a]so:emanate from discharges
of_spent‘COoking 1i§uor. The fntensity of the problem varies with
the pulping processfih usé. ‘High Coldur‘and foaming intensity are
characteristic of kraft pulping liquid wastes while acidity and, to
a lesser éxtént, co]ouf.afe'assoéiated with the spent cooking liquor
of the su1phfte prodéss.
In,TabTe‘2;3 below, some indication is provided of the
_bwaste discharges df}Watér, BOD and suspendéd solids per unit of in-

put or output in the various pulp and paper manufacturing processes.

" TABLE 2.3 COMPARATIVE WASTE DISCHARGES

Industry L 1Unit of " Waste Water B.0.D. Suspended

. - Input or Output - (gals.per unit) (ppm)a Solids (ppm)
- L
“Groundwood ' - I | b
pulp 1 ton dry pulp. 12,000 645 n.d.
Soda pulp ~ 1 .ton dry pulp 58,000 110 1,720
Sulfate o -

- (kraft) pulp 1 ton dry pulp . 64,000 123 n.d.
Sulfite pulp 1 ton dry pulp = 48,000 443 n.d..
Paper mill 1 ton paper 40,000 19 452

vPaperboard 1 ton paperboard 14,000 121 660

SOURCE: E.A. Ackermén"and‘G;O.G. Lof, Technology in American Water
" Development Baltimore: Johns Hopkins Press, 1959. p. 130

%ppm = Parts per million
by.d. - no data



-8-

A conventional effiuent treatment system for a pulp and
paper mill may be defined to consist of three major areas, namely;
(1) inplant treatment or recovery system,. (2) outplant treatment and

(3) a sewer collection system.

Inplant treatment may take the form of (i) conversion to
a higher yield prdduction system which may involve some modification
of internal circuits, or (ii) of conversion in process or'(iii)Acon-

version in fuels or (iv) some combination of the above.

The modification of internal circuits to Convért to higher
- yield production'ihvo]?es firsf]y recycling any wastes which can be

”reﬁsed into the production system such as the refining and recycling
of coarse particles and'the reuse of white water. The actual method
of reéyc]ingvmay follow a number of stages such as the collection of
spills, the USe‘bf'SAVefalls for fibre reéovery and piping to recir-

culate white water where it was'previous1y discarded.

Where éxtreme]y’hfgh levels of waste discharge-exist, ahd
this is most Tikely in the case of older sulphite mills, inplant
treatment may take the form of a-conversion in procéss. 'For any such
mi1l three broad options are available. -Firstly, thevvery costly
inéta]]atimdof a chemica] recovery system may be effected, or secondly
the cessatfon of pqu production and peruction of newsprint only by
buying .pulp from othef'mills or, finally, the shutdown of all opera-

tions.
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Yet another form of in-plant treatment is that of conversion
in fuels. This usually invo]ves conversion from coal to gas or oil.
Alterations to boilers and fuel storage facilities would be under-

taken.

Outplant,treatment consists of primary treatment, the removal
of suspended solid wastes, secondary treatment, the reduction of BOD

and sludge disposa].g/

In primary treathent solids separation is executed with a
circular cTafifier equipped with a mechanical sludge collector. Se-
condary treatment_is usua]]y‘effected by an aerated lagoon or, where
there is an inadequate sUpp1y'of 1aﬁd,‘aetivated sludge is used. The
adisposa] of wastes from primary and_secendary treatment aodrces involves
firstly dewatering, usually by vacuum filter or centrifuges and then
the disposa] of sTudge by Tandfill operations or incineration in power

‘boilers.

A sewer collection system is needed to convey wastes from
various points of emission in the production system to the treatment
facilities.. Pumps, pipes and:valves comprise the system. Monitoring
devices may be attached te the system for purposes of flow recording

and control to ensure operatihg efficiency.

2/ Tertiary treatment, the control of toxicity, colour and foam removal
is not treated here because of the small attention given it to date
by government and industry.
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| In.Table 2.4 the status of the¢Canadfan pulp and paper
induétry, with respect to effluent and abatement conditions in 1971
i$ presented. Kraft_pulb mills show the highest tfeatment rates,
65 and 43 percent of all hi]]s had primary and secondary treatment
facilities respectively. As a result these mills reported the lowest
levels of BOD 5 and suspended solids émong pulp mill types. In
contrast are fhe su]phite mills of which none had installed primary
treatment faﬁi]ities while one had secondafy.treatment and another
Qsed a municipal sewer for eff]Uént disposal. Lack of treatment, age
“and inflexibility of-su]phite*mi11é probably account jointly for
their repofting_thev1argesf Tevels of BOD 5, total dissolved solids
and water~consumptioh. Data on the number of mills and total daily
. production for each mi]l.category, reflect the‘present concentration
of pulp production in kraft mills rather than sulphite mills which
have pkpven to be lesé easiiy adapfed to chehica] recovery, internal
watek reuSé and destfuction of organié material in cooling liquors
than.kréft mi]]s,_with the exception of the hewer soluble base pulping
proceséés. Use of municipal sewers as receiving waters for mill ef-
f1uent.is almost tbta]]y confined to fine paper and fibre board pro-
ducing‘mills. Of'fhe pulp mills only one sulphite and one neutral
vsu]phite-semi chemical mill uséd municipa]_sewers perhaps reflecting
the consideration, that treatment of pulp mill wastes is largely un-

dertaken on a scale at least as large as some municipal sewer systems.



‘ ~TABLE 2.4 MILL EFFLUENTl/CONDITIONS IN THE PULP AND PAPER INDUSTRY 1971

Type of Mills Number of | Mills With | Mills With | Mills Using | BOD 52/ Total " Suspended Water . s-' Production
Mills Primary Secondary Municipal Dissolved Solids~] - Solids 4/ Consumption-/ Tons/Day
Treatment Treatment Sewers 1bs./ton 1bs./ton 1bs./ton (U.S.Gal/ton)
Neutral Su]phite.Semi : . . -
Chemical (NSSC) 6 0 0 -1 140 - 362 4 22,660 1,318
Sulphite 8 0 1 1 782 2,388 87 79,490 3,166
Kraft 23 15 10 0 _ 73 423 . 64 51,729 12,773
Fine Papers 38 5 2 13 7. 85 70 29,375 3,226
Integrated Kraft 12 1 T 0 92 . 284 105 ..49,020 6,639
Fibre Board 1 0 1 3 43 81 48’ 8,903 1,042 !
Newsprint 34 7. 0 0 156 438 - 91 35,878 21,180 1
Groundwood 8 1 1 0 - 135 522 67 » 30,781 2,849
Newsprint and Other o , . :
Products ' 3 1 1 0 69 240 86 41,281 4,385
- NOTE: Data on BOD 5, Total Dissolved Solids, Suspended Solids and Water Consumption are §iven as weighted averages per mill,

where the weights are individual mill production, in each type of mill.

SOURCE: Paper, Fibre and Allied Products Div.,

Y
2/
3y
4/
5/

D.0.E., Ottawa.

with the exception of fertiary sources such‘asitoxicity, acidity, colour and foam.

1bs.
1bs.

of BOD 5 produced/ton. of final product.
of dissolved solids produced/ton of final product.

1bs. of suspended solids produced/ton of final product.

U.5. Gal.

of water consumed/ton of final product.

Abatement and Cohp]iance Branch, Water Pollution Control Directorate, E.P.S.,
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2.2 Effluent Standards for the Pulp and Paper Industny

By an amendment of the Fisheries Act dated November 2, 1971,
the federal government imp]ehented the first specific body of pollution
control regulations directed at any part1cu1ar 1ndustry The short
title of the amendment reads; "Regu]at1ons Respecting Deleterious Sub-
stances in the Form of Eff]uent From Pulp and Paper Mi11s".3  The
prescribed "deleterious Substances" are total suspended solids, oxygen-
demanding decomposible organic matter'produced as waste from a mill and
toxic wastes deposited by a mill. Reprints of Schedules A and BS/ in-
dicate the permitted deposits of_éuspended'so]idé and BOD specified by

law.

‘The stipulated continuous flow toxicity test, outlined in
Schedule D, reQuires a survival rate of not less than 80 percent“for
fish which typicdl]y 1ivé,in the affected watercourse when placed in

water with a 65 percent effluent content for 96 hours.

New, ajtéred or expanded mi]]svare required to comply with
the regulations from November 24,'1971. Compliance dates for existing
mills are to be negotiated.with eachVSUCh mill. In all cases where
provincial pollution control regulations aré different from the federal
fegu]ations, thé more stringent regulations are applicable.

3/ Seé "Pulp and Paper Effluent Regulations" and "Guidelines for the

Pulp and Paper Effluent Regulations" Water Pollution Control
Directorate. EPS. Dept. of the Environment, Ottawa, Nov. 1971
and May 1972 respectively.

4 Ibid. p. 4.
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SCHEDULE A

PERMITTED DEPOSITS OF TOTAL SUSPENDED SOLIDS
IN THE EFFLUENT OF MILLS IN POUNDS PER TON*

Column I Column II Column III Column IV Column V
Existing =~ New, Ex- Existing New Ex-
Kraft, ~ panded or Mechani- panded or
Sulphite Altered ' cal Altered
or Semi- . Kraft, Mill Mechanical

Component Chemical Sulphite Mill

Process Category Mill or Semi- '

- : ' Chemical

Mill

1. Wood rewashing 5 B 5 5

2. Debarking ' ’ .

~ Hydraulic Process 5 ' 5 , 5 5

3. Debarking - Wet

- Drum Process 10 8 10 8

4. Pulping ' 5 13 10

5. Bleaching 4 2

6. Pulp Sheet Formation 1 5

7. Integrated, Single

Product Paper Making 3 ' 2 5 4

8. Integrated, Specialty,
Single-product Paper ’
Making 6 ' 4 10

9. Tissue Paper Making 15 10 20 15

10. Fine and Specialty
Multi-product Paper '
Making 25 20 25 20

11. Cylinder Paper or
Paperboard Manu-
facture v 15 12 : 15 12

12. Neutral Sulphite
Semi-chemical _
Corrugating Medium 7 7

*"ton" means, in respect of a component process category in
(a) items 1 to 3, an oven-dry ton of wood processed without the bark,
(b) items 4 to 6, an air-dry ton of product, and
(c) items 7 to 12, a ton of product as produced.
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SCHEDULE B

PERMITTED DEPOSITS OF OXYGEN-DEMANDING DECOMPOSIBLE
ORGANIC MATTER IN POUNDS OF BOD PER AIR-DRY TON

OF PRODUCT
Column I | - I ~ Column 11 Column III
Existing New, Altered
- _ . v o Mill and Expanded
Type of Process : . _ _ Mill
Sulphite pulping yield of 55% or Tess | -, 255 170
Sulphite pulping yield of more than 55% | '

- and less than 65% , 170 | 115
Sulphite pulping yield of 65% or more 150 75
Su]phite_b]eaching (Market'pU1p) = | B 35 35
Kraft pplping 17 N ' “ . 64 33
Kraft bleaching 27 27

Neutral Sulphite Semi -Chemi cal pulping 1 80 , 60
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2;3 Effluent Standards and Resource Allocation

Economics and Water Pollution in the Pulp and Paper Industry

Water use in the pulp ahd paper industry was shown earlier to
be depletive with respect to the alteration in quality of recejving
wafers, rendering them unsuitab1e for the requirements of further in-
dustrial or other usage without treatment.  This is the nature of the
technological diseconomy or externa]ity.in pulp and paper production to
be exémined in this study. |

The optimum’po11ufion 1eve1§/‘i§ that at which the marginal
social bénefits of abatement equal itS marginal social costs, at
' cqmpetftive équiiibrium output 1evé1$ for 511 industries; Alternatively
this level may be defined as that where the marginal 6osts of abatement,
- assdmfhg least cost abatement functions, is equal to the marginal
damages avoided,'in waste reduct{on. Given that damages or water quality
deterioration is an unintended by product of pulp and.paper producing

activity, how can this optimum be attained?

The methods of solution, suggested in the economic Titerature
on this type of externé]ity,-are; (1) market solutions, (ii) effiuent
charges or subsidies, (iii) standards, or (iv) a combination of (ii)

and (iii).

5/ For a clear informal discussion of pollution economics see L. E.
Ruff 'The Economic Common Sense of Pollution' Public Interest.
Spring 1970 pp. 69-85. '
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Where the right to USe the watercourse is exclusive and
transferable at zero cost, the costs of bargaining are negligible
and where the polluter and victim are willing tb'negotiate, the ex-
ternality will be_intérna]izedIOr entered aé an opportunity cost to
the party to whom the right was initially assigned. The other party
wi]] haVe an incentive to offer a bribe aé long as the marginal cost
of additional waste abatement exéeeds the margina1 value of additional
damages avoided, or alternatively, until marginal net.damages are zero.
- This solution would also result in the event of a merger of both parties.
This simple two-party casefwith‘Zero transactions and bargaining costs,
-~ attributable to Coaseél, fails to approximate the complex cohditions

under which environmental externalities arise in the real world, or

for pulp and paper:water pollution in‘particu]ar.

-Thé parties damaged by suéh pollution may be many with very
Tittle in common. Iﬁ sgch cases the costs of organization, and therefore
of bargaining, may bé prohibifive. Thus for environmental pollution the
more realistic case is,that without'negotiation._ Here a tax on the pol-
1utioﬁ.generating'activity equal to the.difference between the marginal
$ocia1 and private damagejaSSOCTated with the optimal level of that

activity wou]dAgive‘the'optimum pol1utibn so]ution.Z/ The word damage

&/ R; H. Coase 'The Prob]em of Social Cost' J. of Law and Econ., Oct.
1960, pp. 1-44. Reprinted in W. Breit and H.M. Hochman ed. 'Readings
in Microeconomics. Holt, Rinehart and Winston Inc. 2nd Ed. 1971.

i W.J. Baumol 'Oh'Taxation and the Control of Extérna]ities' American

~ Econ. Review dJune 1972 pp. 307-322.
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here signifies'both the éost to those affected by the pollution and
the cost to those obligated to prevent the pollution. In the case

with negotiation such a tax wou]d not give thié solution unless ac-
companied by compensation, equal to the.prbceeds of the tax, to the

damaged party. 8/

Another premise of the simple Coasian model needs to be
qualified in the economic analysis of pulp and paper water pollution.
This is concerned with the assumption of exclusiveness of the right to
water use. Water in Canada is a common-property, multiple-purpose,
mu1t1p1e -user natural resource. 3/ Economic analysis of the use of
:such resources has revealed that unrestricted access of large numbers
'_of independent_usefs 1éads.to thé allocatively inefficient result of
resource use up to the point where marginal cost equals average product
»of some variable input in combination with the resource in question
given declining returns to that input.lg/ Attempts at legal delineation
of rights to resdurce use have serious practical shortcomings associated
not only wfth the ambiguity of such definitions but the cumbersome pro-

cedures necessary for enforcement. 1/

8/ R. Turvey ‘On Divergences Between Social Cost and Private Cost'
Economics Aug. 1963 pp. 309-313. (see proof in Appendix D)

3/ Terminology adopted from A.V. Kneese 'Environmental P011ution:
Economics and Policy'. Am. Econ. Rev. May 1971 pp. 153-166.

lg/H.S. Gordon "The Economic Theory of a Common Property Resource:
The Fishery" Jour. of Political Economy April 1954. pp. 124-42.

H/For a discussion of the problems of property rights and legal
solutions see Kneese and Bower op.cit. pp. 84-89.
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The foregoing discussion has ru1ed out the possibility of

. market so]utions'to environmental externalities. ~The -taxation approach
is also ruled out given the insurmountable task of estfmating mérgina]
net damages at optimum aétivity.]evé]s. In fact, at current activity
levels, the estimation of damages is.extremely difficult especially
where damage functions are inseparab]e,lg/' Where fegiona] water basins
“are managed in common by a single competitive firm the inseparability |
of damage functions would provide no difficulty. Here damage costs

would be internalized.r/

In sum, the téchno]ogica] cohp]exities of water pollution
extérha]itieé and the prohibitive costs of 6rganization make the costs
of estéb]ishing'a market for‘abatemeht-so high fe]ative'to»the per-

- ceived benefits of so doing for eéch user that government intervention

is .necessary.

Economic Policy and Environmental Pollution

- Given: the 1nstitutiona1 constraints on the operation of mar-
kets for ehvironmenta]*externa]ities,‘econqmisfs have attempted to devise
policy alternatives to apprpximaté the optimum solution. Among these is
the system of eff]uent.charges.' A per unit éff]uent chérge equal to

‘incremental damages will eliminate the externality at the optimum level

12/ 1hid. pp. 94-96
13/ 1hid. pp. 89-94
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-of abatement.lﬂ/ In the case where damage functions are linear and
separable, marginal damages are constant and will, at some optimum
pollution level, equal the’marginal'COst of the minimum cost com-
bination'of'abatement techniques given that marginal costs are
rising. Therefore effluent enarges cen}be 1ev1ed'on the generator
of water pollution, without knowledge of abatement cost functions, to

produce the desired result. Where damage functions are inseparable,
i.e., where the marginel cost in one activity is affected by the level
of another, the abatement cost functions at each interrelated area of

.damages must be known so that corresponding optimum abatement levels

could be determined in order to set the'charges. Even where damage.

funct1ons are linear, estimation is extremely d1ff1cu1t 15/

A somewhat different'suggestion which incokporates the working
of the price system but represents a cpmpromiseyto the tax so1Ution,
in view of the difficulties in estimating marginal damages, has been

termed 'the environmenta1 pricing and standards approach'.lé/

14/ A system of bribes or payments to the pollution generatmg firm
“can achieve the same result. These payments will form the effective
opportunity cost of pollution. However, tremendous administrative
difficulties are associated with the operat1on of this system. See

. Kneese and Bower op. cit.

1y For a comprehens1ve treatment of problems in the estimation of

damage functions see Kneese and Bower op. cit. pp. 109-124.

16/ W. J. Baumol and W. E. Oates 'The Use of Standards and Pr1ces for

Protection of the Environment' Swedish Jour. of Econ. March 1971

pp. 42-54. ' :
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This involves the imputation of a uniform set of brices or user rates by

a public authority to allow the private use of common property resources
consistent with arbitrarily preset }envfronmentaT standards. This approach,
although it will not necessarily resU]t in overall optimum pollution 1eve1s,
is nonetheless the mfnimum cost method of realizing any prescribed set

of standards;lzj

The method which}is an institutional datum for ihis study is
‘that of effluent standards. A system of eff1uent standards designed to
achieve some overall set of stream standards, will in general produce
the same result as the standards and prices approach. Such a system
will allow the standards to be met at minimum cost,_again assuming profit
maximizinj behavicur’of all waste generating firms. In the case of an
eXtensive‘watercourse with a large assimilative capacity, few waste
dischargers and where strean standards appiy uniformly throughout, effluent
standards, and not charges wou]d produce minimum cost resource allocation
in waste reductlon 18/ - Implementation of a system of eff]uent standards
~ requires some prior know1edge of damages and waste reduction costs at
each potential po1nt of d1scharge in order to choose the standard which
wou]d minimize them In the absence of such information, a trial and
'error process 1is necessary such that standards are varied in areas where
17/ W. J. Baumol and W. E. Oates op. cit. Appendix. See also Kneese and

Bower op. cit. and L. E. Ruff, op. cit.

18/ Kneese and Bower op. cit. p. 137.
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damage and waste reduction costs associated with actual standards have
been relatively Tow or high. Here, however, the additional cost of

vp1aht redesign in.respOhsé>tofchahg{ng standards will have to be met.
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2. 4 O0Objectives

The major objective of this study is that of estimating the
. benefits accruing to all sectors of the economy engaged in supplying
and installing water ﬁo]]ution abatement equipment required by the
pulp and paper industry.for comp]ianée with the effluent regulations.
Essehtial]y.the study is concerned_with the macroeconomic aspect of
the pollution abatement problem. In this section the problem of
~ social atcouhting for water po]lutionlg/ is presented as a framework
| with whiéh to relate the premises outlined in previous sections of

this chapter to the objectives of the study.

Let us consider the case of a less than full employment
economy .where effluent standards have been imposed on its only source
of water»pollution, the pulp and paper ihdustry. At some Tevel of
groés'outpUt of final goods:and services, which of course includes
the value of pulp and paper water pollution abatement services, there
will be some water.qué1ity deterioration if the standards do not re-
quire total waste reduction.' This level of water resource depletion
: shoh]d_be subtracted from_gross produtt, as would capital consumption

allowances, to provide a more reliable measure of total economic welfare.

Included in gross product at féctor cost will be the total

value of all intermediate inputs used in meeting the effluent standards

‘12/ See M. Weinrobe 'Accounting for Pollution: Pollution Abatement and
the National Product'. Land Economics, May 1973.
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plus some measure of the value added in use of that fraction of water

resources otherwise unusable due to pollution.

It is precisely the value of total water pollution abatement
servicés and value added in the use of otherwise unusable water re-
sources that are not inciuded in current measures of gross national
produét at market prices and factor cost respectively. Valuation of
these items by means of market prices is extremely difficult because
6f the common property nature of the water resource. Markets in water
resource dép1etion, recovery or use are implicit rafher than explicit

where the resource is jointly supplied for multiple uses by many users.

In section 2.3 the need for the ideal operation of a system
-of effluent stéhdards was discussed. The capital cemponent of those
coSts; givenvtﬁe standards described in section 2.2, the abatement
techho]on»and.eff1uent conditions of the Canadian pulp and paper in-
dustry in 1971, as described in section 2.1sare estimated under the
assumption that all existing mills will meet the standards. Secondly
_the benefits associated with the capital cost of all intermediate in-
puts in the production of eff]ueht treatment plant are determined.

In sum, what constitutes a cost to‘the pulp and paper industry creates
' beneffts in the form of.retUrns to factors employed in supplying

pollution abatement installation services and equipment.

For the water pollution policy maker in"a full employment

competitive economy, the total opportunity cost of diverting resources



- 24 -

into pollution abatement to meet prescribed standards must be weighed
against the sum of direct benefits genekated by expenditure on all
1ntermed1até inputs‘used in waste reduction plus the value added in the
use of water resources othérwise unusable without treatment. whefe,
‘in response to any change in the effluent standards, the additional
Benéfits éxcéed the additional costs the standards should be further

adjusted in the same direction.
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3. -METHODOLOGY

3.1 Estimation of Capital Expenditure on Abatement

20/

Engineering cost estimates—' of the materials and Tabour
| requirements for installation of water pollution abatement systems
in the pulp and paper 1ndustry,weke provided within the framework

-bf}the following set of assumptions;

. A11 pulp and paper mills operating in 1971 would comply
with the Effluent Regulations;

2. Water pollution abatement technology, assumed typical
of that in operation in the industry in 1971, as sum-
marized in 2.T above, is the same used by all mills over

the period of compliance;

"3.°,There‘is‘zero net expansion in the number of mills, or

of éxisting mi11vcapéci§y over the period of compliance.

From a detéi]ed survey of the effluent conditions of all pulp-
21/ ..

and paper mills in 1971——) summarized as Table 4, the number of such
mills requiring treatment was determined to be 177. Of these 100 had

- no primary treatment facilities; 50 were in need of secondary treatment

39/ These estimates were provided by a team of consulting engineers

from James F. Maclaren Ltd., engaged for the purposes of this :
study by the Water Pollution Directorate, Env1ronmenta1 Protection
Serv1ce Environment Canada.

Coord1nat1on of the consulting work, and the use of EPS survey data
on mill effluent conditions was superv1sed by Mr. George Mezzetta,
Program Engineer, Paper, Fibre and Allied Products Division, Water
Pollution D1rectorate, Env1ronmenta1 Protection Serv1ce Env1ronment
Canada :
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and 27 would need to install recovery systems.

The'capital cost estimates for primary and secondary tréatment
--were more susceptible to generalized cdSting procedures, and detailed
'specification of the required equipment,.when related to the level of

_ mfi] eff]uent f]owfand output rate. Generalization of recovery system

components was more difficult sinée they depehd on charactefistics of

~dindividual mill'process,'design and location which are highly variable

amdng mills. Nevertheless gross estimates were determined.

- The materials/labour breakdowns were provided for the fo1-

Towing major components of primary and secondary treatment systems;

PRiMARY TREATMENT
_1. In-P]aht Work
_.2. Yard Piping
3. Screen BUi]dings
4, Clarifiers
5. Sludge Dewatering BUi]dings
‘6. Outfalls
7. Pumping Stations
SECONDARY TREATMENT
-1. In-Plant Work
2. Yard Piping
3. Pumping Stafions

4. Five-Day Aerated Lagoons or Conventional Biological
a Treatment

5. Outfalls
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A1l costs are given in Toronto dollars in 1970-71.

3.2 Impact Analysis of Capital Expenditure on Abatement Us1ng
the Statistics Canada Input-Output Model. :

The closed output determination model of the Statistics
Canada Input-Output mode1sgg/'was uéed to calculate the effects on
é]ements of the national acéounts and -commodity and industry outputs,
~of the capital expenditure estimates given in Appendix B. A formal
’i1]ystratioh of the methodology of the model is included as Appendix
© . C of this report.
The structural péraméters of the input-output models have
.béen calculated from the 1966 set of input-output tables which is a
composﬁte repreSentation of the system of natioﬁa] éccounts showing
individual commodity flows from doméstic_production and imports to
specific-industries.includfngvhouseholds, final demand components and
exports. | |
- Any interpretation or use of the results of this model de-
pend exc]dsive]y on the extent to which the structural characteristics
 >of'the Canadian econohy are approximaﬁed by its assumptions and, in
pérticﬁ]ak,'that-these characteristics have remained.relative]y stable
since 1966. The first of the two major assumptions underlying the
‘model is that of the linear homogeneity of industry production funct1ons,
or alternatively, that industry inputs are proportional to tota] 1ndustry

output. The other is the fixed domestic market share assumpt1on. This

22/ 'The Input¥0utput Structure of the Canadian Economy 1961',
Statistics Canada. Cat. No. 15-501. Vol. I. Occasional.
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states that the output share of each industry, supplying any given
commodity market, does not vary. A third assumption, the fixed import
share assumption, is that for any commodity, total imports are pro-
portional to total domestic consumption.

The impact analysis procedure of the I-0 model is summari-
zed in the following logical sequence. Expenditure on commodities used
in installing pulp and paper water pol]ution abatement plant is adjusted
for imports and indirect commodity taxes to obtain the amount spent on
domestically broduced commodities. This amount, domestic final demand,
is then distributed among the products of industries by the market
- shares assumption. Expenditure on intermediate commodity requirements

~of industries:supplying commodities to domestic final demand are cal-

~culated by use of the industry technology assumption. This expenditure
is adjusted for indirect imports by the import shares assumption. The
entire process is repeated with this expenditure on intermediate com-
modity requirements to obtain further intermediate commodity require-
ments until all such requirements have been exhausted. This is the
'industky output multiplier' process.

The resulting total domestic commodity requirements are used
to obtain.tota] primary industry inputs by means of the industry tech-‘
nology assumption. The entire adjustment process is assumed to be

independent of time and of the conditions of supply of all commodities.

3.3 Measurement of Emp]oyment Benefits

The total employment generated by capital expenditure on
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water pollution abatement equipment is the sum of the direct employ-
“ment in the aésemb]y,or installation of such equipment and that re-
quired to produée the total domestic output geherated by the expendi-
‘ture on material inputs used in the constructioh of effluent treatment
v_p]ant.
| To obtain thé indirect employment, tofa] domestic output,
induced by the capital exbenditure estimates, is multiplied by é
ratio of the total number of jobs to the total value of output. The
‘method of caicu]ation of the fatio is somewhat different for manufac-
'_turing industry as distinct from agriculture, mining and services. 23/
The entire operation is performed within the impact procedure of the
~ 1-0 model. _

The direct employment component was obtained by dividing the
estimates of expenditures on labour used in the on-site construction
‘or insta]]ation qf abatement equipment, by a weighted average of basic
union wage rates for major construction trades in 14 selected Canadian

~cities in 1970. Composite weights, indicating the average distribution
of'empioyment among'thé tradés ih those cities, based on 1961 census
data, were uséd in caTcu]ating theraveragg hourly wage which was found

to be 4.30'd01]ars.§&/

23/ For manufacturing the method described above was used for each in-
~dustry. For agriculture, mining and the services, annual average
wages and salaries by industry in 1969 was compared with wages and
salaries and output for 1966 to derive the ratio.

gﬂ/'Ail data for this ba]cu]ation were obtained from "Construction
Price Statistics", Statistics Canada, Cat. No. 62-006 Vol. I No. 2.
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4. OUTPUT EFFECTS

4.1 The Impact of Capital Expenditures, by Treatment Type, on the.
Summary Economic Accounts_ _ .

~Tne representation of a set df solutions of the I-0 model in the
form of aggregate economic accounts affords an examination of the effect of
abatement expenditures on the Circuiar flow of economic activity. Alter-
. natively, the process may be regarded as the total adjustment in the
- elements of the Income and Expenditure, Household, and Business Sector
- accounts, required to keep them ba]anced, in response to the level of
final demand represented by abatement expenditures 25/ The effects on
these‘accounts of capital expenditure by treatment type and engineering

'category:are presented, in detail, in Appendix A.2.

An examination of the Income and Expenditure account is suf-
ficient fdr the_purposes of this section. This account contains a
'.summary of the level of flows of expenditure from consumers, final
demand for materials used in constructing abatement plant and other
expenditure categories, and. flows of income to consumers, unincor-
porated business and other income categories. In particdlar, the
income aggregate, gross domestic product at factor cost, will be
used as the primary'indicator of impact on the level of economic ac-
tivity.v In Tabie 4.1.2 below, the impact on GDP at factor cost of
expenditures on treatment type (in Table 4.1.1) by income category,

is shown.

25/ see 'The Input-Output Structure of the Canadian:Economy 1961"
op.cit. pp. 91-96. Appendix A.1 is a guide to interpretation
of the results. ‘
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TABLE 4.1.1 SUMMARY OF ESTIMATED CAPITAL EXPENDITURE ON PULP AND
PAPER LIQUID WASTE TREATMENT BY TREATMENT TYPE ($000)

Treatment
Expenditure Type Primary Secondary Recovery
Category
 Materials 73,585 51,029 n.a.
Labour - 86,682 52,934 n.a.
Total 160,267 | 103,963 214,000

n.a. not available (see Section 3.1)

SOURCE: 'Notes on Pulp and Paper Liduid Waste Treatment Study For
Canada.' James F. Maclaren Ltd. - Sept. 1972.

_The columns of Table 4.1.2 show the impéct on GDP by treat-
ment type among income categories. In this distriﬁution,'the fotaT
returns to 1abour are, for every treatment type, 1arger than that |
of_other 1hcome categories. At this level of aggregation, two
geheha]-obserVatfons can be made. The first is that of the in-
creasing ]abouk intensity of the technology of installing pulp
and paper effluent treatment p]ant.]ooking from Recovéry through
Secondary to Primafy treatment. Secondly, the effect on the Qross
' recéipts of labour, by treatment type, after consolidation of all
backward linkages and inclusion of the effect of consumption spending
in the 1966 I-0 model, reflects this pattern. »Thié macro distribu-
tional result. is implied by the linear homogenéity of industry

production functions in the I-0 model.



TABLE 4.1.2 IMPACT ON GDP AT FACTOR COST OF CAPITAL EXPENDITURE ON PULP AND PAPER LIQUID WASTE
TREATMENT BY TREATMENT TYPE AND INCOME-CATEGORY. ($'000) 1966 I-0 Model.

I
Treatment Primaryb ' Secondary ' Recoveky ’ Total
Income Type - ' _
Categories ' '
 Wages, Salaries, Supplementary | - 175,443 113,521 178,145 467,109
Labour Income o (70.0) (68.7) (61.8) (66.4)
Net Income of Unincorporated : 20,223 14,271 25,592 o 60,086
~ Business ' (8.1) (8.6) (8.9) - (8.5)
Surplus | | 55,006 37,433 84,293 176,732
: ' (21.9) (22.7) (29.3) (25.1)
Gross Domestic Product at 250,672 165,225 288,030 703,927
Factor Cost ‘ (100.0) (100.0) (100.0) (100.0)

- 2€ -

Note: Percentages (in parentheses) may not add due to rounding.
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A 3ummary analysis of the.effect on grdss domestic product
~at factor cost of fixed outlays on mill effluent waste disposal by
~ treatment type is shown in Table 4.1.3.
. TABLE 4.1.3. DISTRIBUTION OF CAPITAL EXPENDITURE, GDP IMPACT, AND

RATIO OF GDP IMPACT TO CAPITAL EXPENDITURE BY TREATMENT
TYPE. 1966 I-0 Model

Primary Secondary - Recovery Total

Capital Expenditure 33.5 21.7  44.8 100
on Treatmenth(%) :
Impact on GDP at 35.6 23.5 40.9 100

~ Factor Cost (%) ' ' '

© GDP_at Factor Cost Per ($)  1.56 1.59 1.35 1.50
of Capital Expenditure , v :

* Mean Capital Expenditure  1602.7 2079.3 7925.9  n.a.

Per Mi1l Requiring
Treatment ($'000)

Expenditure-on the jnstal]afion of Recovery plant is largest at 44.8
percent of the total, yet the returns in terms of gross dbmeStic pro¥ .
duct per dollar of such expenditure is lowest at 1.35 dol]érs; In
contrast, thé expenditure on construction of sécondary treatment
facilities is lowest at 21.7 percent of the total while the gross

~ domestic product per dollar of such expenditure is largest at 1.59
do]1ars. The gross domestic product per dollar of total capital ex-

- penditure is 1.50 dollars.
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Although only 27 mills required recovery treatment facili-
ties, as compared with 100 in Primary and 50 in Secondary, both the
total, and the mean fixed cost of such treatment greatly exceed.those
of mills requiring primary and secohdary~treétment while the GDP per
.dollaf of such expenditure is lowest in recovery. The implication
here is that both from the viewpoint of larger gross benefit to the
overall economyAper do]]af of fixed outlay and of lower fixed treat-
ment cost incurred by the individual mill, transformation of the
pulp and paper industry in favour of incokporation of recovery
- systems in initial mill design, is desirable. This judgement is
based on thé argument that newer mills can be more easily adapted for
]1ntefna1.réuse of effluent and hence recovefy installation costs'aré '
]ess;_ MoreoVeriprimary and secondary treatment costs are not inde-

: pendént of recovery costs since reuse of organic and inorganic loads
in prbcéss.will reduce the waste concentration in final effluent and,
therefore,'the need for treatment.

4.2 THE IMPACT OF CAPiTAL EXPENDITURES, ON PRIMARY AND SECONDARY

TREATMENT BY ENGINEERING CATEGORY, ON THE SUMMARY ECONOMIC
ACCOUNTS :

within the more general category of occupations in industria]
engineering and construction, it was possible to obtain the distribu-
tion of capital expenditure in primary and secondary'pulp and paper.
liquid waste treatment among structUra], architectural, mechanical

and electrical trades. This distribution . is shown in Table 4.2.1.
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ESTIMATED CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY

TABLE 4.2.1
: TREATMENT BY CONSTRUCT ION-ENGINEERING CATEGORY ($'000).
Construction- :

Engineering Structural Architectural Mechanical Electrica
Expenditure Category '
Categpry
Materials 19,250 6,323 88,406 10,637
Labour 23,399 3,161 81,799 31,256
Total 42,649 9,484 170,205 41,893

SourCe: Calculated from data in "Notes on Pulp and Paper Liquid Waste Treatment
' Study for Canada". James F. Maclaren Ltd. Ottawa. Sept. 1972.

Capital expenditure on primary and secondary freatment is largest
- in the mechénicé] trades in total as well as ih materials or labour. Such
expéhditure 15 smallest in the architectural trade. The share of this
expendithre on-labour is relatively larger than that on materials in the

B e]ectrfca] and structural trades but smaller in the architéctura] and
meéhanica] trades. The‘impact of these expenditures on gross domestic

product at factor cost is shown in Table 4.2.2.

Some énalysis of the data contaihed in Tables 4.2.1 and 4.2.2
'fs»shownvin Table 4.2.3. The order of distribution of capital expendi-
tures and GDP impact are similar among construction-engineering cate-

. gories. Expenditurelin the mechanical trades is $170,205,000 or
'64.4 per cent of total primary and secondary treatment_expenditufes,
while the smallest share of such expenditufes is in the architectural

trades with 3.6 per cent. On the other hand the number of dollars



(100.0)

TABLE 4.2.2 IMPACT ON GDP AT FACTOR COST OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT
: BY CONSTRUCTION-ENGINEERING CATEGORY IN ($'000) and (%). 1966 I-0 MODEL.
Construction _ _ : Total Primary
ngineering Structural Architectural Mechanical .| Electrical and Secondary
Income Category
Category N
Wages, Salaries, . 48,518 9,303 177,196 53,947 288,964
Supplementary Labour (69.2) (65.5) . (68.6) (73.7) (69.5)
Income : _ :
Net Income of Unincor- . 5,516 1,142 22,125 5,711 34,494
porated Business (7.9) (8.0) (8.6) (7.8) (8.3)
Surplus 16,021 3,751 59,088 13,579 92,439
: (22.9) (26.4) (2259) (18.5) (22.2)
- Gross Domestic Product at 70,055 14,196 258,409 73,237 415,897
Factor Cost : (100.0) (100.0) (100.0) (100.0)

Note: Percentages may not sum to 100 due to rounding.

_98..



TABLE 4.2.3. PERCENTAGE DISTRIBUTIONSYOF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT AND

- GDP IMPACT, AND THE RATIO GDP/CAPITAL EXPENDITURE, BY CONSTRUCTION-ENGINEERING CATEGORY.

Construction-

- Total Primary.

ngineering - | Structural Architectural Mechahical E]ectricé] & Secondary -
~Lategory ’ . ' :
Capital Expenditure on S 161 3.6 64.4. 15.9 100
Treatment (%) ' ‘ : : :
Impact on GDP at Factor |  16.8 3.4 62.1 176 100
Cost (%) o .
GDP_at Factor Cost Per ($) 1.64 1.50 1.52 1.75 1.57

of Capital Expenditure

“Source: _Ca]cu]ated from data in Tables 4.2.1 and 4.2.2.

Note: Percentages may not sum to 100 due to rounding.

-[8-
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of GDP at factor cost genereted per dollar of capital expenditure
shows a somewhat different pattern. The ratio is largest for elec-
E trical at 1.75 dollars, felloned'by structura1 at»1.64'd011ar§,
while it is smallest for architectural at 1.50 dollars. iThe largest
expenditure and‘overa11 GDP impact category, meehanica], has a ratio
of 1.52 dd]]ars which is below the total primary and secondary ratio

of 1.57 do]]arsl

- Gross returns to 1abour are, in general, a large share of '
the GDP generated by expend1ture 1n all construction- -engineering
- categories. Indeed, the share of these returns for all primary and
_ secondary treatment accru1ng to Tabour is 69.5 percent, and ranges
: from 73 7 percent in e]ectr1ca1 to 65.5 percent in architectural.
S1nce the GDP 1mpact is an aggregate value sum, the relatively
:.higher wages in the electrical trades in construction may account

partially for;this.large labour share.gé/

4.3 Sectoral and Industria] Impact on Gross Domestic Product at
Factor Cost of Capital Expenditure'by Treatment Type

The set of solutions of the 1966 I-0 Model, to be presented
- in this section,'represent the abatement expenditure effects at two
']esser-degreeé of aggregation of the national economy. The first is

the sectoral aggregation, that is, the disaggregation of the impact

26/ See Construction Price Statistics op.eit.
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A among six major sectors of the economy. These are; the agriculture,
- forestry and fishing, mining, manufacturing, construction, services
' énd househo1d.sectors. vThe>$econd is the Houséhd]d—IndUstry aggre-'
~gation. Here the econbmy is regarded as consisting of 40 industries,

whose identities are shown in Appendix B.

The results may be analysed to determine the sectors of
' major impact and the magnitude of linkage effects on the industries
comprising those sectors. In Table 4.3.1, the values of GDP at factor

. cost, generated by industrial sector andvtreatment type, are given.

Data’ffom the fourth column of Table 4.3.1 indicate that if
- the GDP values generated by total capital expenditures on effluent
treafment.are suhmed for.househo1ds, mining and agriculture, and

' fdrestry_and ffshing,'they accounf for only 7.4 percent of the total.
The remaining.major 92;6 percent of total GDP is generated by services

(38.0%), construction (29.6%) and manufacturing (25.0%).

It is worth noting that the'tohstruction sector is the
sector of ihitié] impact therefore total expenditures on labour used
in the bnsité building of abatement plantsis included in the GOP
generated in this sector. From the distribution of thé final de-
mand expenditures, shown 1h Appendix B.3, it can be seen that-quite.
. a large share is spent on the products of manufacturing industries.

“The inference suggésted is that the'largest 1inkage effects,
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- TABLE 4.3.1 SECTORAL IMPACT ON GDP OF CAPITAL EXPENDITURE BY TREATMENT
: TYPE IN ($' 000) and (%). 1966 I1-0 MODEL.

‘ Treatment Type Primary Secondary Recovery Total
Industrial ' ‘ ' '
Sector
Agricu]ture,-Forestry and 8,808 5,819 10,590 25,217
Fishing (3.5) (3.5) (3.7) (3.6)
Mining 2,997 2,121 8,923 14,041
: (1.2) (1.3) (3.1) (2.0)
~ Manufacturing 55,505 33,827 86,869 176,201
(22.1) (20.5) (30.2) (25.0)
Construction 90,125 55,320 62,653 208,098
- . (35.9) (33.5) (21.8) (29.6)
Other (Services) 88,624 65,114 114,032 267,770
‘ (35.4) (39.4) (39.6) (38.0)
Households 4,613 3,024 4,962 12,599
' (1.8) (1,8) (1.7) (1.8)
Total 250,672 165,225 288,029 703,926
' (100.0) " (100.0) (100.0) (100.0)

Note: Percentages (in parentheses) may mot sum to 100 due to rouhdihg.
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operating through required intermediate inputs and the consumption

spending effect, obtain in the Services sector.

‘The'order of distribution of GDP - impact among sectors is
similar by treatment typeias‘tor total treatment expenditures witn
'}the exception of recovery where the manufacturing share (30.2%) is
larger than the construction share (21.8%), The relatively larger
labour intensity of the installation of'primary treatment faci]ities,
discussed 1in section 4.1, emerges here in the form of both the abso]u-
tely and re1at{ve1y largest GDP impact on the construct1on sector of

$90.1 million or 35.9 percent of the GDP 1mpact of primary treatment

'_expenditures.

The GDP 1mpact of f1red abatement expenditure on the indus-
»tr1a1 aggregat1on is presented, in detailed form in Appendix B.2.
.Analys1s of these results will be confined to those industries w1th1n
which the larger share of GDP impact is concentrated. A summary.of
tne resultsvof this greater disaggregation is given in Tables 4.3.2
‘and 4.3.3. The construction industry -is not. further disaggregated
énd, therefore,.the re1at1Ve tontribution.of that industry to GDP
remains as before. The large serviees imbact can now be more closely |
examined. The impact on trade is the second 1argest.among,a1t treat-
.ment types and in total. Other services rank next. This group contains
education and re]ated services, hospitals, health services, motfon

picture theatres, other recreational services, professional services



TABLE 4.3.2 SHARE OF INDUSTRIAL IMPACT ON GDP OF CAPITAL EXPENDITURE BY TREATMENT TYPE (%),1966 I-0 MODEL

"~ Primary

Recovery

(%) Seconaary (%) (%)
Construction 35.9 | Construction 33.5 Con§truction 21.8
Trade 10.7 | Trade 11.4: Trade 1.7
Other Service; 6.9 Other‘Serviées_ 8.8 | Other Services 8.5
Finance, Inéurante énd ' 5.9 Finénce, Insurance‘ahd 6.6 | Finance, Insurance énd 6.2
Real Estate Real Estate Real Estate
Transportation and Storage | 4.3 | Transportation and Storage 4.6 | Metal Fabricating 5.9
Owner-OccOpied Dwellings 3.7 | Owner-Occupied Dwellings 3.6 | Transportation and Storage 5.6
Metq]IFabricating 3.2 Agricu]tgre 3.2 Non-MetaTliC Minera] Products 5.0
Agriculture 3.1 Electrical Products 2.2 | Iron and Steel | 4.2
Iron and Steel 3.0 | Utilities 2.2 'Owner-Occupied Dwellings. 3.4
AT] Other Industries 23.3 | A11.Other Industries 23.9 | All Other Industries 27.7
TOTAL 100.0 | TOTAL 100.0 | TOTAL 100.0

_ZV_
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"TABLE 4.3.3 INDUSTRIAL DISTRIBUTION OF GDP IMPACT OF TOTAL CAPITAL
' EXPENDITURE ON TREATMENT. 1966 I-O MODEL

: Percent of

Industry o Gross Domestic Product

| Construction 29.6
Trade - - 11.3
Other Services A - - 8.0

| anance, Insurance and Real Estate 6.2
Trahséortatioﬁ and Storage 4.9

' Meta] Fabriéatfng | : 3.9
Ownef-bccupjed Dwej]ings 3.6
NthMetaliic_Mihéral Products 3.3
Iron and~Ste¢] | : 3.2
Al Other Industries | 26.0

TOTAL - 100.0
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to business, advertising services, laundries’and cleaners, hotels
and reStaurants, other personal services, photography, miscellaneous -
répéir and maintenance and miscellaneous services to business and
persohs. Transportatidn and storage, and finance, insurance and
real«esfaté account fdr 11.1 percent of the total treatmenf impact
;én gross domestic product. Apart from the impact on owner occupied
buildings, that on the major intermediate input-supplying industries;
iron'énd steel, metél fabricating and non metallic hinera] products
is 10,4per¢ent of the total treatment effect.
4.4 Sectoral and Industrial Impact on GDP at Factor Cost of Capital

Expenditure on Primary and Secondary Treatment by Construction-
Engineering_Categony

Tﬁe relative contribution by sector and industry to GDP
at factor cost of fixed 1iquid waste treatment outlays, in the pulp
and paper indUstry, on the construction-engineering categories will
‘now be examined. A sUmmary of these results is contained in Tables

4.4.1 and 4.4.2.

The sectoral distribution of GDP geherated in each construc-
tibn-engineefing trade is similar to that in total primary and secohdhfy
:treatment in that over 90 percént_is confined to three sectors; services
(37-0%), construction (35.0%) and manufacturing (2¥.5%)." Two exceptions
to'this:ranking_of the-re]ative impact of these three sectors may be
noted. In the electrical trades, the share of GDP generated in the sector

of initial impact, construction (43.9%) is much larger than that in



TABLE 4.4.1

SECTORAL IMPACT ON GDP OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT BY
CONSTRUCTION-ENGINEERING ($* 000)

1966 I-0 MODEL

“Construction- } , Total Primary
Industrial Engineering Structural | = Architectural Mechanical Electrical and Secondary
Sector - Category _ : ‘
Agriculture, Forestry and Fishing 2,718 464 8,960 2,483 14,625
: (3.9) (3.3) (3.5) (3.4) (3.5)
Mining - 989 220 3,093 815 5,117
(1.4) (1.6) (1.2) (1.1) (1.2)
Manufacturing 16,578 4,869 54,895 12,990 89,332
' (23.7) (34.3) (21.2) (17.7) (21.5) '
-
’ [Sa])
Construction 24,378 3,369 85,512 32,185 145,444
- (34.8) (23.7) - (33.1) (43.9) (35.0)
Other (Services) 24,115 5,023 101,230 23,370 153,738
(34.4) (35.4) (39.2) (31.9) (37.0)
Households 1,277 250 4,717 1,390 7,634
(1.8) (1.8) (1.8) (1.9) (1.8)
Total 70,055 14,195 258,407 ' 73,233 415,890
(100.0) - (100.0) (100.0) (100.0) (100.0)
Note: Percentages (in parentheses) may not sum to 100 due to rounding.



TOTAL

TABLE 4.4.2 INDUSTRIAL IMPACT ON GDP OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT BY CONSTRUCTION
ENGINEERING CATEGORY 1966 I 0 MODEL .

Structural - (%) Architectural (%) Mechanical (%)  Electrical (%)
Constructfon 34.8 | Construction 23.7 | Construction 33.1 | Construction 43.9
Trade 10.5 | Non-Metallic M1nera1 13.2 | Trade | ~ 11.5 | Trade 9.6

Products o .

Other Services 6.2 | Trade | o 10.9 | Other Services 8.6 | Other Services 6.1
Non-Metallic Mineral 5.7 | Metal Fébricatihg 7.4 . Finance, Insurance | 6.5 | Finance, Insurance 5.6
Products : and Real Estate and Real Estate

Finance, Insurance 5.7 Othér Services -,6.4 Transportation and 4.6 E]ectrita] Products 5.2
and Real Estate Storage -

Transportatioh and 4.6 | Finance, Insurance 5.6 | Iron and Steel 3.6 | Owner-Occupied 3.8
Storage and Real Estate ' Dwellings

Metal Fabricating 3.8 | Transportation and 5.0 | Owner-Occupied . 3.6 Transportatlon and 3.3

_ ' | Storage Dwellings - : - Storage

Owner-Occupied 3.6 | Owner-Occupied 3.5 Agricu]ture | 3.2 Agricu]ture.‘ : 3.1
Dwellings Dwellings : _ .
“A11 Other Industries  25.1 ~A11 Other Industries = 24.3 | A1l Other Industries 25.3 | A1l Other Industries 19.4
TOTAL IO0.0 100.0 | TOTAL 100.0 | TOTAL 100.0

-9y -
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the services dr manufacturing sectors. Among construction-engineering
 trades, this can'pkobably be attributed to the higher wages of electri-

cianng/

and thé fact that in the construction sector the direct value
~added by labour represented 97.1 percent of the total GDP effect in-
that sector for the electrical category.gg/ ~On the .other hand the -
GDP share in construction is smallest (23.7%) in the architectural
trades. In this case the ratio of direct value added by labour to -
total GDP impact in construction is lowest (93.8%). Note also that

~in the arch1tectura1 trades the GDP share in the manufactur1ng sector

(34 3%) is the ]argest among construction-engineering trades.

Th1s 1arge GDP share in manufacturing in the use of architec-
tural trades in the 1nsta11at1on of primary and secondary treatment plant,
~can be exam1ned in greater detail in the households-industry aggregation.
Non metai]ic mineral products (supplying mainly concrete products) and |
metal fabricating tndustrieé account for 20.6 percent of the GDP effect
in the architectural category. In the electrical trades, electrical

products, asvintermediate inputs, contribute‘5.2 pertént of the GDP

. effect in this category. In general, structural and mechanical cate-
gories ‘show the same pattern of GDP impact, as discussed in 4.3 aboVe,
for treatment types. The construction industry, not further disaggfe;

‘gated, has'the!greatest GDP impact among all construction-engineering

27/ see 'Construction Price Stat1st1cs op. cit.

28/ This ratio is 95. 7% in mechan1ca] 96.0% in structural and 93.8%
in architectural. o
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cetegories largely as a result of being'the industry of initial impact
and because of the 1arge rat1o of labour expend1ture to total GDP
generated. As po1nted out in footnote 28, this rat1o is over 90 percent
in all cases. Finally it may be observed that the major service indus-

tries, in terms of the magnitude of shares of GDP, remain as before.

4.5 Impact on Total Domestic Output of Capital Expenditures by Treatment
Type and Engineering Category

Ana]ysis‘of the effects on total domestic output of expendi-
tures by the pulp and paper industry to 1n$ta11‘water pollution abatement
equipment revealed approximately similar conc]usions~to those for gross

‘domesttc phoduct Over 95% of all productive activity generated is con-
" centrated in the households, services, manufacturing and construction
sectors. Th1s is shown 1n Table 4.5.1 and is true for treatment types
as well as construct1on-eng1neer1ng categories of primary and secondary
treatment. Some support for the conclusion discussed in section 4.3,
with respect to the_iarge consumption spending impact on-services, is
obtained by comparing the totai output of households and services with
their GDP impact (Tables 4.3.1, 4.4.1 and 4.5.1). 1In contrast with
services and construction the.share of GDP in manufacturing is always’
Tower than its share in total 0utpot (except in the recovery and struc-
turaI-impact categories), implying a lesser consumption spending effect

on the products of this sector.



TABLE 4.5.1 SECTORAL IMPACT ON TOTAL DOMESTIC OUTPUT OF

CAPITAL EXPENDITURES BY TREATMENT TYPE AND ENGfNEERINGfCONSTRUCfION CATEGORY
($:000) AND (%) 1966 I-0 MODEL

Expenditure :
Category| Primary Secondary ~ | Recovery Total Structural Architectural Mechanical |Electrical |Total Primary
Sector : . and Secondary
Agriculture, Forestry 14,463 9,485 17,761 41,709 4,591 757 14,570 4,030 23,948
and Fishing (2.2) (2.2) (1.9) (2.0) (2.5) (2.0) (2.1) (2.2) (2.2)
Mining 4,601 3,209 o 14,082 21,892 1,566 349 4,703 1,192 7,810
(0.7) {0.7) (1.5) (1.1) (0.9) (0.9) (0.7) (0.6) (0.7)
Manufacturing 171,012 102,644 256,917 530,573 47,837 12,748 174,199 38,874 273,658
(26.1) (24.1). (27.0) (26.1) (26.2) (33.2) (25.7) (21.3) - (25.3)
Construction 92,352 56,861 221,470 370,683 25,013 3,502 87,914 32,785 149,215
(14.1) (13.4) (23.3) (18.2) (13.7) - (9.1) (13.0) (18.0) (13.8)
Services 163,507 116,734 218,005 498,246 45,748 9,743 182,216 42,536 280,243
(25.0) (27.4) (22.9) (24.5) (25.1) (25.4) (25.9) (23.3) - (26.0)
Households 208,218 136,481 223,966 568,665 . 57,606 11,286 212,903 62,905 344,700
(31.8) (32.1) (23.5) . (28.0) (31.6) (29.4) (31.5) (34.5) (31.9)
Total 654,153 425,414 952,201 2,031,778 182,361 38,385 676,505 182,322 1,079,574
(100) (100) . (100) {100) (100) (100) (100) (100) (100)
Note: Totals may not add due to rounding.

—6#-
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5. EMPLOYMENT EFFECTS

5.1 Employment Effects by Treatmént Type

" The overall impact on employment, of the fixed investment
outlays on effluent treatment in the pulp and paper industry, is
composed of direct and indirect effects. The direct component re-
présents the employment of labour in the onsite construction of
effluent treatment facilities. The indirect employment is that used
in the production of 511 equipment needs for such construction,'in
addition to the employment resulting from the spending of the earnings

from this production by households.

In the interpretation of the emp]oyment effects by treatment
type,‘the direct/indirect categorization does not hold for recovery
since, as pointed out in 3.1 above, the impact was given to total
capital expenditure on recovery, in the absence of a materials/labour
breakdown of this total. In the sectoral and industrial distribution
of employment éffects by treatment type shown in Tables 5.1.1 and
5.1.2 respectively, the emb]oyment impaét on the construction indus-

try (or sectok) includes the amount of ‘the direct employment which

is shown Separate]y in Table 5.1.3.

The total employment effect is concentrated in three
sectors namely; services, manufactuking and construction. The em-

ployment effect in construction is largest for primary and secondary
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TABLE 5.1.1 TOTAL EMPLOYMENT IMPACT OF CAPITAL EXPENDITURE ON PULP AND
PAPER EFFLUENT TREATMENT BY INDUSTRIAL SECTOR AND TREATMENT

TYPE (MAN-YEARS) AND (%) 1966 I-0-MODEL

reatment Type Primary Secondary Recovery Total
Sector - : o ' Treatment

Agriculture, Forestry and 317.1 198.3 445.1 | 960.4
- Fishing (1.3) (1.3) (1.7) (1.5)
Mining | 124.1 - 87.5 563.7 -775.2

' (0.5) (0.6) (2.2) (1.2)
Manufacturing - 5,385.1 3,383.1 8,168.4 | 16,936.7

' (22.6) (21.5) (31.3) (25.8)
Construction_ ’ 10,061:7 6,175.1 6,638.0 22,874.8

‘ (42.1) (39.3) (25.5) (34.8)
Services .7,987.4 5,880.7 10,237.1 | 24,105.3

: (33.4) (37.4) - (39.3) (36.7)
Total 23,875.4 15,724.7 26,052.3 | 65,652.4

(100) (100) (100) (100)

Note: Totals may not add

due to rounding.




fABLE 5.1.2 DISTRIBUTION OF

EMPLOYMENT IMPACT OF FIXED OUTLAY ON PULP AND PAP

INDUSTRY AND TREATMENT TYPE 1966 I-0 MODEL

ER EFFLUENT TREATMENT BY

(%)

Total Treatment (%)

100.0

Primary Secondary (%) - Recovery (%)
Construction 42.1 | Construction 39.2 | Construction 25.5 _Constructibn 34.8
Trade 14.5 | Trade 15.4 | Trade 16.4 | Trade ~15.5
'cher Services 8.7 | Other SerVices 10.8 | Other Services 10.3 | Other Services 9.8
Finance, Insurance 4.2 | Finance, Insurance 4.6 | Metal Fabricating 6.0 | Finance, Insurance 4.5
and Real Estaté and Real Estate and Real Estate
Transportation and 3.8 | Transportation and 4.1 | Transportation and 5.3 | Transportation and 4.5
Storage Storage Storage . Storage :
Metal.Fabricating 3.3 | Electrical Products 2.3 | Finance,Insurance 4.7 | Metal Fabricating 4.0
' and Real Estate
Iron and Steel 2.3 | Machinery 1.9 | Non-Metallic Mineral 4.4 | Non-Metallic Mineral 2.8
' Products Products
- Non-Metallic Mineral 2.2 | Communication 1.8 | Iron and Steel 3.5 | Iron and Steel 2.6
Products
Al Other'Industries 18.9 | A11 Other Industries 19.8 A11 Other Industries 23.9 | A1l Other Industries 21.5
TOTAL TOTAL 100.0 | TOTAL 100.0 TOTAL 100.0_

_ZS_
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treafment as a consequence of the labour intensive nature of insta]]ing
water pollution abatement plants in pulp and paper mills. In particular,
- the greatest labour intensity of this process, for primary as compared
with secondary and recovery treatment respectively, is reflected in the
share of the total employment impact in construction. This share is 42.1%
for primary, 39.3% for secondary and 25.5% for recovery; For some indi-
cation of the distribution of the large employment effects, by treatment
type, among service and manufacturing industries, Table 5.1.2 is examined.
| In tﬁe lakge employment impact on services,gg/ that on trade
(over ]4%) is largest for expenditures on all treatment types. Other
-~ services (over 8%), transportation and storage (4%) and finance, insurance
. and real estate (4%) accounted for the significant remainder of the ser-
Viceé impact. The employment ﬁmpact of the manufacturing sector is
generated mainly in the metal fabricating,viron and steel, non-metallic
" mineral products (largely concrete and concrete proddcts), electrical
products and machinery industries. These latter industries accounted
for the bulk of the physical equipment inputs to the construction of
treatmentlfacilities. The total direct labour input in sﬁch construction
is summarized by treatment type in Table 5.1.3.

TABLE 5.1.3. DIRECT EMPLOYMENT IN ONSITE CONSTRUCTION OF EFFLUENT TREAT-
MENT PLANT IN THE PULP AND PAPER INDUSTRY BY-TREATMENT TYPE

Primary Secondary - Recovery Total
Man Years ~  9691.6 1 5918.4 n.a. 15610.0
% 62.1 - 37.9 n.a. 100.0

23/ The service industries are Trade, Other Services, Finénce, Insurance -
and Real Estate, Transportation and Storage, and Communications.
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5.2 Employment Effects of Capital Expenditure on Primary and
' -Secondary Treatment by Construction-Engineering Category

The qualitative and quantitative linkage effects on em-
ployment of expenditure on required equipment components of pulp
and paper, prihary and secondary effluent treatment systems, are
examined in this section. As indicated in Section 4.4 on output
effects, prior knowledge of the industrial distribution of capital
expenditures, within the structural, architectural, mechanical and
electrical categories, affords some judgement on the plausibility
of the observed input-output Tinkage pattern. The judgement here
is that employment effects are expected to be relatively large in
the sectors or industries in which the bulk of the equipment needs
_ of each construction-engineering category are to be met, for exanple,
‘'metal, concrete (non-metallic mineral) and wood products industries
in the structural category, or electrical products industries in the

electrical category.

Table 5;2.1 shows the concentration of total employment in
sectors for all categories. A comparison of Tables 4.2.1 and 5.2.1
‘indicates a similar order pf distribution of Iabour intensity with
the share of the employment impact in construction by construction-
engineering category. Employment required in the electrical trades
is largest, followed by structural, mechanical and architectural

respectively.

In Table 5.2.2 the distribution of the employment effects



TABLE 5.2.1 TOTAL EMPLOYMENT IMPACT OF CAPITAL EXPENDITURE ON PULP AND PAPER PRIMARY AND SECONDARY
EFFLUENT TREATMENT BY CONSTRUCTION-ENGINEERING CATEGORY (MAN-YEARS) AND (%) 1966 I-0 MODEL
Construction- .
Engineering Structural Architectural Mechanical Electrical
Category o _ : :
Sector
Agriculture, Forestry and 119.7 15.7 299.0 - 81.0
Fishing (1.8) (1.2) (1.2) (1.1)
Mining 46.2 10.3 127.1 28.0
(0.7) (0.8) (0.5) (0.4)
Manufacturing 1,553.7 475.0 5,383.8 1,355.8_
(23.5) (35.7) (22.0) (18.9)
Construction 2,721.0 375.7 - 9,545.5 3,594.5
(41.2) (28.2) (39.0) (50.2)
Services 2,170.0 454 .4 9,138.0 2,105.7
(32.8) (34.1) (37.3) (29.4)
Total 6,610.6 1,331.1 24,493.4 7,165.0
‘ (100.0) (100.0) (100.0) (100.0)

Note: Totals:may not add due to rounding.

_. gg..



TABLE 5.2.2 DISTRIBUTION OF TOTAL EMPLOYMENT IMPACT OF FIXED OUTLAY ON PRIMARY AND SECONDARY TREATMENT BY

INDUSTRY AND CONSTRUCTION-ENGINEERING CATEGORY 1966 I-0 MODEL

Structural (%) Architectural (%) Mechanical (%) Electrical (%)
Construction 41.2 | Construction 28.2 Construction - 39.0 Construction 50.
Trade 14.4 | Trade 14.8 Trade 15.5 Trade o 12.
Other Services 8.0 | Non-Metallic 12.1 Other Services 10.5 Othér Services 7.

‘ Mineral Products : ‘ :

Transportation 4.1 .Meta1 Fabricating 8.6 Finance, Insurance 4.5 Electrical Pro- 5.
and Storage and Real Estate ducts

Finance, Insurance 4.1 | Other Services 8.3 Transportation and 4.1 Finance, Insurance 3.
and Real Estate Storage and Real Estate
Non-Metallic 4.0 | Transportation and 4.5 Iron and Steel 2.8 Transportation and 2.
Mineral Products Storage Storage

Metal Fabricating 3.8 | Finance, Insurance 4.1 Metal Fabricating 2.6 Clothing Manu- 1.

‘ and Real Estate facturers
Wood Industries 1.9 | Communication 1.7 Communication 1.8 Other Food & Soft 1.
: ' Drink Industries
A11 Other Industries 18.5 | A1l Other Industries 17.7 A1l Other Indust- 19.2 A11 Other Indust- 14.
ries ries
- TOTAL 100.0 | TOTAL 100.0 TOTAL 100.0 TOTAL 100.

_99_
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among industries does satisfy the above stated intuitive notions
fconcerning the ‘expected linkage pattern resulting from fixed butlays
in -each cdnstruction-engiheering activity. It can also be concluded
that the 1argést'magnitude of secondary and other higher order Tinkage
effects, including the consumer'spending‘effect, on employment, occur
in the'services sector. This, as before, obtains predominantly in
vthe'tréde, other services, transportation and storage, and finance,

insurance and real estate industries.

Other expected employment impacts, by industry, can be ob-
sefved from Table 5.2.2. Among these are the impact on non-meta111§
mineral products, metal fabricating and wood industries in the struc-
fufa] trades; on non-metallic mineral products éhd metal fabricating
in thé architectural trades; on iron and steel, and metal fabricating
in the meéhanicé] trades; and on e]ectrical-products in the electrical
frades. To comp]ete the examination of the émployment effects in this
industry in which the final activity occurs, the direct employment in

construction must be added. This is shown in Table 5.2.3.

TABLE 5.2.3. DIRECT EMPLOYMENT IN THE CONSTRUCTION OF PRIMARY AND
: SECONDARY TREATMENT PLANTS IN THE PULP AND PAPER
INDUSTRY BY ENGINEERING CATEGORY

Structural | Architectural | Mechanical | Electrical

Man Years 2,616.2 353.5 9,145.7 " 3,494.6

% 16.7 2.3 58.6 22.4
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6. ANALYSIS OF BENEFITS FROM THE USUAL FIXED OUTLAYS AS
ALTERNATIVES TO EXPENDITURES ON EFFLUENT TREATMENT PLANT

In the absence of the Pulp and Paper Effluent Regulations,
capital.expenditure of the amount required to meet those regulations
may be assumed to be distributed in the fixed outlay pattern usually
vadopted by that industry. In particular the average distribution of
‘such expendituré by the pulp and paper industry over the period 1963-
1970 was 25% on construction and 75% on machinery and equipment.gg/

~ The detailed industrial distribution of these expenditures is shown

in the Final Demand Column of Appendix B.4.

Comparison of the output and employment impacts of these
two alternative forms of capital expenditure is now feasib]é. In
Tab]e 6.1 it can be observed that while the distribution of the impact
on.groSs dbméstic product among labour, unincorporated business and
surplus is simi]ar for either expenditure alternative, the GDP impact
of fixed treatment expenditure greatly exceeds that of the usual pat-

tern.

The major explanation for this is giveh with the aid of
Table 6.2. The most important leakage from total final demand (or
expenditure) in the usual capital expenditure case is that of'direct

30/ This distribution was exactly the same in 1966, the year from

which the I-0 tables, used for impact analysis in this study,
were constructed. See Cat, No. 61-205. Statistics Canada.
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TABLE 6.1 GDP IMPACT OF REQUIRED CAPITAL EXPENDITURE ON EFFLUENT
- TREATMENT AND OF USUAL CAPITAL EXPENDITURES OF THE SAME
AMOUNT, BY THE PULP AND PAPER INDUSTRY ($'000) 1966

1-0 MODEL
-Incomé Category Impact of Fixed Impact of Usual
Treatment Expenditure Fixed Expenditure
Wages, Salaries and | | 467,109 | 336,528
Supplementary Labour , (66.4) (67.1)
Income ‘
Net Income of Unincorporated 60,086 41,673
Business _ ‘ (8.5) (8.3)
Surplus » 176,732 | 122,999
. _ : (25.1) - (24.5)
Total - 703,927 501,200
~ (100.0) (100.0)

Note: See Appendix A.1 for definitions of the Income Categories.
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TABLE 6.2 DISTRIBUTION OF REQUIRED CAPITAL EXPENDITURE ON EFFLUENT
- TREATMENT AND OF USUAL CAPITAL EXPENDITURE OF THE SAME
AMOUNT, BY THE PULP AND PAPER INDUSTRY. ($'000)

Fixed Effluent Treatment

Usual Capital

Expenditures Expenditures
Direct Imports 17,881 140,910
. - (3.7) (29.5)
Indirect Commodity 6,002 25,538
Taxes (1.3) (5.3)
Domestic Fiha] Demand - :
‘Wages and Salaries 139,616(29.2) 119,579(25.0)
Other final Demand | 314,819(65.8) 192,291(40.2)
| 454,435 311,870
(95.0) - (65.2)
Total 478,318 478,318
(100.0)

(100.0)
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imports amount1ng to 29.5 percent of such expend1tures While the'
share of direct 1mports in the pollution abatement expend1ture case
is 3.7 percent. The effect of the much larger 1mport»1eakage, and of |
greater indirect commodity taxes; is to make domestic final demand

95 percent of tetal fixed treatment expenditures and 65.2 percent

"of usual cap1ta1 expend1ture and hence the much lower impact on GDP
of the 1atter On exam1nat10n of the d1str1but10n of direct imports
‘1n the usual f1xed expenditure case (Appendix B.4), it is found that
direct.jmports'of industrial'mechinery represent 88.7 percent of total
| direcf_imports while expenditure on such machinery was 46.9'bercent of

" total expenditures.

In summary the GDP impact per dollar of total expenditure"
is compared with the GDP:impact per dollar of domestic final demand
in Table 6.3. |
TABLE 6.3. GDP IMPACT PER DOLLAR OF CAPITAL EXPENDITURE ON EFFLUENT

TREATMENT AND OF USUAL CAPITAL EXPENDITURE BY THE PULP
AND PAPER INDUSTRY 1966 I-0 MODEL

Fixed Effluent Usual Fixed:
Treatment Expenditure Expenditure
- GDP Impact ($5  tar | g 1.05
Total Fixed Expenditure
GDP Impact .. ($) 1.55 1.61
Domestic Final Demand
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In the case where a11 capital equipment needs were satisfied
domestfca]]y the value added per»do]lar of'expenditure on such equip-
"ment in‘wéter po11ution abatement, would be less than that in the
‘ usual fixed outlay pattern of the pulp and paper industry by six
cents. This difference is very little when compared with the much
gkeater per dollar impact on GDP of total capital expenditure on

effluent treatment.

The industrial disfribution of the GDP impact of both ex-
pehditure a1fernative is presented in Téb]e 6.4. The greater amount .
”bf onsite production of equipment needs in the effluent treatment
case results in large impa¢ts,on non-metallic mineral products and
iroh-and}Steel"industries whereas the impact on machinery, i.e.,
equipmeht prbduced offsite, is large in the usual capital expenditure

case. Apart from this, the impacts are 1arge1y”simi1ar by industry.

The employment impact for'both cases, is shown in Tab]é 6.5.
Total employment impact is greater in the-eff1uent_treatment case for-
the same reasons given-abbve for the Targer impact on GDP. Again;
the industrial distribution of the employment impact is similar except
for that on machinery in the USua1 taée as compared with the employment
L in.irbn'and steel and non-metallic mineral products in the effluent

treatment case.



TABLE 6.4 INDUSTRIAL DISTRIBUTION OF THE GDP IMPACT OF CAPITAL EXPENDITURE ON WATER POLLUTION ABATEMENT,
AND OF THE USUAL PATTERN OF CAPITAL EXPENDITURE, BY THE PULP AND PAPER INDUSTRY.

1966 I-0 MODEL

GDP Impact of Fixed Treatment Expenditure

%

GDP Impact of Usual Pattern of Fixed Expenditure

%

25.3

Total

Construction | 29.6 Cbnstructiqn

Trade 11.3 | Trade 14.4
Other Services 8.0 | Other Services 6!4
'Finance, Insurance and Real Estate 6.2 | Finance, Insuranée'and Réa] Estate 5.9
Tranéportation and Storage 4.9 | Machinery 5.8
Metal Fabricating 3.9 Tranéportation and Storage 4.6
Owner-Occﬁpied_Dwe]]ings 3.6 | Metal Fabricating 3.8
Non-Meta]]ic Mineral Products 3.3 | Owner-Occupied Dwe]iihgs 3.4
Iron and Steel - 3.2 | Communication 3.4
All cher Industries 26.0 | A11 Other Industries 27.0
Total 100.0 100.0

_Eg_



TABLE 6.5 EMPLOYMENT IMPACT OF REQUIRED CAPITAL EXPENDITURE ON EFFLUENT TREATMENT AND OF USUAL CAPITAL
EXPENDITURES OF THE SAME AMOUNT, BY THE PULP AND PAPER INDUSTRY. 1966 I1-0 MODEL

Employment Impact of Fixed Treatment
Expenditure -

%

Employment - Impact of Usual Fixed
Expenditure

%

(Man-Years)

Construction | '34.8 Construction '29.
Trade 15.5 Trade 18.
Other Services 9.8 | Other Services 8.
Finance, Iﬁsurance‘and Real Estaie' 4.5 | Machinery 5.
Tran;portation-and Storage 4.5 | Transportation and Storage 4,
Metal Fabricating 4.0 | Metal Fabricating 4.
Non-Metallic Mineral Products 2.8 | Finance, Insuranee and Real Estate: 4.
Iron and Steel 2.6 E1e¢tr1ca1 Products‘ 2.
A11 Other Industries 21.5 -Ai] Other Industries 22.
Total 100.0 | Total 100.
Total Employment Total Employment

(Man-Years) 65,652.4 47,344.

_Vg_
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- 7. CONCLUSIONS

The pulp and paper industry, not only has the largest
industrial water infake but consumes the smallest proportion of
this intake. This industry, in both abso]uté and reTative terms,
is the most significant user of water as a medium for industrial
waste disposal and, potentia11y, has the capability for inflicting
considerable damage on subsequent users of this resource. The
Government of Canada has taken cognisance of this capability and
instituted the first industry-specific set of effluent regulations,
restricting the effluent lToads of pulp and paper mills to certain
miﬁimUm standards. It is hoped that full compliance will be realised

~ by 1980.

The casual observer is immediately, and perhaps intuitively,
confronted with the question cohcerning the order of magnitude of
costs to be borne by the industry in avoidfng this deterioration of
water qua1ity; ”But this induced activity has its own associated
spectrum of inputs and outputs, the benefits of which accrue, not
primarily to the pulp and paper industry, but to the industries which
produce those fnputs. For the economy as>a whole there iS some sum
of bénefits which represents the order of positive cofrectibn which
is to be app]ied’to current estimates of water po]]utidn abatement

costs.
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If all mills existing in 1970 comply with the regu]afions

by using conventional water pollution abatement systems and assuming
that the input-output structuregl/ of the Canadian economy has re-
’mainéd relatively stable since 1966, capital expenditure Eequirements
of the industry, expected to be $478 million, will generaté gross
domestic product at factbr cost va]ﬁed at $704 million. Of this total,
the construction industry will account for 30 percent followed by trade,
~other services, finance,‘insurance, real estate, transportation and
.storage which will together contributé 30 percent. The share of gross

_ dbmest{c>product to be joint]y contributed by iron, steel, non-metallic

mineral products and metal fabricating-industries is 10.4 percent.

In order to sustain,this level of gross domestic product
50,042 man-years, in those industries providfng.material inputs for
constructing fixed abatement plant and, in addition, 15,610 man-years
: of employment in thé onsite construction of such- plant, will be created.
The fanking of industriés by'employment impact is simi]af to that for
“the impact on gross domestic product. The employment impact of the
conStrucfidﬁ industryvcbnsfsts of the 15,610 man-years referred to
above, plus 7,265 man-years in producing’material inputs for its own
use. Trade, other_services,_tkansportatidn, storage, finance, insu-
rance and real estate will jointly provide 22,519 man-years while metal

3 This assumes that the structural estimates of the 1966 Statistics

Canada Input-Output model represent the actual structure (see
Ch. 3) of the economy over the period of compliance.
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fabritating, iron, steel and non-metallic prbducts.industries will

require 6,171 man-years.

For the economy as a whole, the gross value added and em-
ployment benefits resulting from estimated capital expenditures on
pulp ahd paper water pollution abatement exceed those generated by
the same total expenditure if spent.in the pattern normally adopted -
by thé pulp and paper industry. This cohc]usion is only valid where
there is no corresponding policy to reduce import leakages particu-
1ar]y in the form of imports of industrial machinery used by pulp
~and paper mills. If these leakages did not exist the value added
 énd emp]oyment'benefits would be higher in the case where the pulp

and paper industry invests in its usual pattern.

The value added and employment benefits in either alterna-
tive accrue up to the Stage where purchased materials and equipment
are installed onsite. Benefits arising from operating expenditures

of either form were not,consideredyin this study.ég/

32/ Although the distribution of capital expenditures in the usual

case does not reflect such expenditure on distribution, i.e.,
shipping, by the pulp and paper industry, the share of such ex-
penditure .on distribution is so small as not to affect the
conclusions set out above.
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A.1 Guide to the Summary Economic Accounts:

1. - Given the interdependence of the economy as reflected in the input
output tables, the closed model analyses the direct, indirect and
induced demand generated by a change in the demand for the output
of an industry or group of industries. The result is also analyzed

in terms of the impact on domestic output, imports, GDP and employ-
ment. v :

2. Summary accounts of the results relating to:

i) Income and Expenditure (Domestic)
ii)  Government Revenue

iii) The Business Sector, and

iv)  The Household Sector, are shown.

(
(
(
(

3. Income and Expendituré Account

Consumer expenditure on
goods and services (iv).

Consumer expenditure (i)

- Final Demand (i) . - Total final demand* (B.3)

Imports less duties (i) Total imports (B.3) f'Import

duties (ii)

Government Revenue from
Production (7)

Government goods and services (ii)

Wages and salaries and S.L.I.(i) Salaries & Wages & S.L.I. (B.2)
+ wages and salaries and S.L.I.
from (total final demand - total

imports) (B.3)

Net income of unincorporated = net income of unincorporated business (B.2)

business (i) + net income of unincorporated business (B.3)

surplus (1), Surplus (B.2) + Surplus (B.3)

Taxes less subsidies (i) commodity taxes (ii) + non commodity taxes
(i) + import duties (ii) - subsidies (ii).

* Note that B.2 and B.3 are appendices.
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" 4. Household Account

consumers expenditure (i)

Consumers expenditure on goods
and services (iv)

Personal income taxes (iv) Personal income taxes (ii)

Other transfers to government (iv) = Other transfers from house-
' holds (ii)

Wages & Salaries, S.L.I. (i)

Wages and salaries (iv) and
S.L.If (iv)

- Net income of unincorporated Net income of unincorporated
business (iv) : business (i)

5. Government Revenue

Commodity taxes (ii) + non = Indirect taxes (B.2) + indirect
: ' commodi ty : -
- commodity taxes (ii) %axei (B.3) + other indirect taxes
' B.3

Government goods and Services (ii) = Government revenue from pro-
. duction (i)

Personal income taxes

Personal income taxes (iv)
subsidies (ii)

subsidies (B.2) + subsidies (B;3)

Other transfers from households (ii) = ?thir transfers to governments
' iv

6. Business Sector Account

Total domestic output (B.2 or B.3) - output
of dummy industries (B.2) and intra industry
outputs (B.3) - output of households (B.2)

Gross production (iii)

Subsidies (iii) = subsidies (B.2) + subsidies (B.3)
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Intermediate goods and services (i11)

" Indirect taxes (iii) =

Gross production & subsidies

(ii1) - indirect taxes (iii)

wages and salaries & S.L.I.
(111)

net income of unincorporated
business (iii)

interest & dividends pa1d to

- persons (iii)

depletion & mining write off
(i11)

capital cost allowance (111)
other surplus (iii).

Indirect commodity taxes (B.3)
+ indirect taxes (B.2) - indirect taxes, -

households (B 2).

Wages and Salaries & S.L.I.

Net income of unincorporated
business (iii)

" Interest and dividends paid to

persons (iii)

+ Depletion and mining write off

(iii)

~ + Capital cost allowance (iii)

+ Other Surplus (i11)

]

wages and salaries & S.I.

L. (1)

- wages and salaries & S.L.I.

hhlds.

(B.2)

Net income of unlncorporated
business (i). .

Surplus (i)



A.2 IMPACT ON SUMMARY ECONOMIC ACCOUNTS OF
ALL CAPITAL EXPENDITURE ON TREATMENT



FOLU T [un 8 1 IMPFACT ANALYSIS UF EXPENSES UN leﬁuHY TREATMENT 9 1960 I=U MQUEL>s

SECTION C3 INC.AEAPUT. ACL'I{(UOMESTIC)

eXPENDITURE _ INCOME
LCUNSUMER EXPENUVITURE 1661797, AAGES9SALARIESy Seloels
Fiwnal OUEMAND 1602%4. NET INCOME OF UNINCORP, BUS.
IMPURTS LLESS | 1ES =40942, SURDLUS
OUviE, RE tNUE rROM PROVUCT ION =2653., GeDaPo AT FACIOR Lusg
. TaxeS & DUTIES LeSS SUBSIDIES
TOTaL 283495,
SECIION Ut HOUSERULU aCCOuUnT
EAPENDLITURE INCOME
COnsUMER EXPENVITURE ON G&S 1667976 wAGESE SALARIES
PERSONAL INCOMC TAXES 17559, SUPPL e LAEOUR INCUME
PEN:ONAk SAVIN 11990. NET [NCOME UF UN!NCOhPo BUS
viner AN ER: TO GOVTS 10 zo INV;§IvENT INCOME
uTrmer TRAN lb TRANSFE
TOTAL 208218,

SECTION E: GOVERNMENT REVewIE

REVENUE }
COMODITY TAXER 204360
NQre=COMMODITY ! AXES 114061
LOv*T GO0US & SERVICES 26530
~E>VURCE - TAéES 479,
IMPURT DUTIES 3131
PERSONAL INCOMC TAXES 17559,
CORPURATION TAAES 8236
5Us>lD§Es ) 2205
OTrneR TRANSFER> FROM HHLUS. 10302,
TOTAL 720520
SECTION F3 BUSINESS SECTOr ACCOUT
. REVENUE . EAPENUQEURE
GRUSS PRODUCTIUN 312412 lNTEHMEDIArE GOOUS & SERVICES
sunsIDIES 22050 1N8 RECT TaAXES
WAGF 32 38LaRLES & SebRB: aus
o
15{._& Dive balb ?S @eés NS
LEPI ETION & MINING He=Q,
CAPI&AE COST ALLOWANCE
UTHE URPLUS

TOTAL 314678

174872,
as7q,

l:ggg:

208217,

—gl_



~OLUt iy 8 2 IMPACT aAnNaLYSIS of EXPENSES UN SECURVARY IREATMENT o 1960 [=U sODELs

SECTION C: INC.SEAPUT. ACC'T(UOMESTIC)

CAPENDITURE . _ InCuME
COSUMER EXPENLITURE 109331 . WAGESsSALARIESe Setlele 113%21,
F Linval OEMAND - 104024+ NET 1NCOME OF UNINCORP. BUS. 14271,
Imrunrs E£SS Dyl 1ES -25389. - SUQPLUS ' 37433,
G0vie REVENUE rROM PRODUCTION -1787. «Pe AT FaCl CusTY 165224,
IAxts L DUTIES Lt S bUdSXUIES 21954,
ToTAL 186179, 186178,
SECIION D: HOUSEHOLY ACCOV T
EXPENDITURE InCume
CONSUMER EXPENLITURE ON G&S 109331, WAGESA SALARILES 110907,
PERSONAL INCOMEL TAXES 11910 Supv&. LABOUK INCOME 3914,
PERSONAL SAVINLD 1859, NET INCOME OF UNLNCONP. BUS » 14271,
viner TRANSFER> TO GUVTS 67973 Inve waEN INCOM 8691,
UTrer TRANSFER® lucd9e. TR« 0.
Torak : 136481, ' 136482,
SECTION E: GOVERNMENT REvIWE
REVENUE i
COmMMODITY TAXE> 12635,
NON=COM0D[TY +aXES 187S.
LAY T VOONS & SERVICES 1787,
RE>UURCE TaxEs 296,
IMPURT DUTIES 31{1-
PERSONAL INCOME TAXES 11510.
COrRPORATION TAAES 2647,
SUoa>I0 I S -1666.
UTneR TQANSFERJ FROM HHLDS. o753
TOTAL 46947,
SECTION F: BUSINESS SECTOXR aCCounT
REVENUE . . EAPENUITURE
OGRUSS PRODUCTIUN ‘ 209939, INTERMEDIATE GOOU ERVICES 92691,
SUosIDIES 1666. INDIRECT TAXES 9647,
NES %aé&hé“&?su beBs sy 1433%:
INT, & DIV. PA1D S Eésg 3 egal:
e5h EZlONogrniﬁLsuanﬁg sela:
SR AL &BELs 13348:
rorat 2116uS. T 211605,

_gl_



<opdflun s 3. IMPACT ANALYSIS UF EXPENSES uiv RECOVERY 1960 1-~U MODEL

SECTION Ct INCJSEXPUTe ACU'T(DOMESTIC)

LXPENOITURE ) INCOME
LONSUMER Expemklvups 179412. : NAthvSALARlES. Sebele
F Inag DEM 21400 Nt INCOME OF UNINCORP, dUS.
éMHURTSF%EESEnrééﬁngOUUCf10 -538?9 ”LBSP AT FACIUR LUS
GV N - °
¢ IAXFS & DUTIES Ltgs sualivies
TOTal 3362175,
SECTION U: HOUSEHOLU aCCOu T
NUITU&E I~nCOME
CUNDSUMER EKPENulTURE ON  6A&S 179412 wAGESS SALARIES
PERSONAL INCOMC TAXES ' 18887, SUPPL. LAQUUR INCUME
PERSUNA SAVlNu 1896 NET INCOME OF UNINCOKP, BUS.
Ulner TRANIFER- TO GOVTS 11082 *N ;MENT IVCOME
ulrmek TRAMNSFERD 1639, RAwg
' TOTalL 223966,
' SECTION E: GOVERNMENT REVE WE
| REVENUE o :
COmmODETY TAXE> ™ 32925,
NON—COHMODITV | AXES : T 1el64,.
“uQveT GOODS & SERVICES 33{9.
RESUUKRCE TaXES ’ 151
IMPFURT DUTIES 3861
PENJONA% INCOML. TAXES ' 18887
CORFORATION TAALS 13312.
SUos>10 *s 94 e
JTrner ANSFER> FROM HHLOS o llodz.
) TOTAL 99355,
SECTION Fi BUSINESS SECTOR aCCOU-T
REVENUE . ) EAPENC I TURE
GRUSS F’RODUCTI\m : 6641848 INTERMEDIATE GOOUS & SERVICES
SUoSIDIES . . 2904 INDIRECT TAXES
: uAG;SvSALARbFS & O b 3.
NET INCOME UNINGORP, BUS.
INTo & DIye PAID 10 PERSONS
NI ER R
A
Srnea‘guaqus t NCt

TOoTAL 650752

17aé~5.'

84793.
286230.

336274,

2239617,

650752,

_LL_

9.



SOLJIIun 8 4 IMFACT ANALYSIS OF EXPENSES UN TUTaL

1966 1=U MODELS

e

SECTION C: INC.A&ERPUT. ACLI T (DOMESTIO)

EXPEND I TURE

LUNDUMENR EXPENUITUQE 455538,
Flnval UEMA : 478318,
1MruRT> b vl lES -120385.
GOV 1. RE tNUE PR M PRODUCTION -7513.

TOTAL 809953

SECTION U
CXPFEND ] TURE '

HOUSEHULU'QCCOUNI

CUNSUMER EKPENulTUQE ON G&S 455538.
PERSONAL lNcomc TAXES 41956
Pt“:UNAk SAVIN 3&7«5.
Trner AN gFER‘ TO GOVIS 28137
uiner TRAN 47288
TuTal 568604

SECIION €1 GOVERNMEnNT REVoNIE

© REVENUE )
COMmODITY TAXE‘ 65595,
NOQN=COMMODIT JAXES 34099,
wCv T GUOYS & SERVICES {519
RESLURCE TAXES 19526+
1mMrPuRrRT DUTIES 9103
PERSONAL INCOME TAXES 41956
COKVORATION TAALES 21195,
;UDb D* -b?,?.
OTre RANSFER> FRCM HHLDS. 28137,

Jotal 214354,

R INCUME
WAGESsSALARIESy SeLele
NET INCO#4t OF UNINCORP, BUSe.
SURPLUS .
~eDoPs AT FACIOR LUST
Taxes & DUTIES LESS SUGBSIUIES
INLOMK

WAGE SS SALARI

. SUPPL, EOUR INLO

NET INCOM OF UNINCOKP, HUS.
INVEST4ENT INCOME
TRAJSPERS

SECTION Fi RUSINESS SECTOK aCCOU~nT

REVENUE
uﬂusﬁ PRODUCT VN
DIES

2 11709590
SUb> 6f116e

ToTaL 1177035

&
CI~NO O
N C~
D O~NG -
PN O
PN O
o8 o 0O

Pt gy

809947,

_8L_

1177035,



SGLUfIun ® S IMFACT. ANALYSIS OF EXPENSES: UN STRULfURAL

1966 1-u MODtLs

SECTLON C1 INC.sEXPUT, Acu‘l(UOMtthC)

: EXPEND]TUR& ' R L INCOME
CUNSUMER ExPENLlrUDE . 46146, lAGFboSALARItS' Selolo
F Ina DEMAND 42649, NET INCOME OF UNINCORP. BUS.
IMPUKTS L SS ou 5 -9080.. SURPLUS . i
GOv 1 REVENUE FROM PRODUCT [ON o ~7136. GeDoPs AT FACTOR CUST
Taxes & DUTIES LeSS SUBSIDIES
TOTAL 78930,
GECTION U: HOUSEHOLD ACCOUNT
CXPENDITURE I1NCOME
CYNSUMER EXPENUITURE ON 6&S 46146e. WAGESS SALARIES
PerSONAL 14c0nc TAXES 4858, SUPPL. LABOUR INCOME
PERSONAL SAVI : 3317. NET INCOM ? OF UNINCORP, BUSe
ulner TRA SFERb T0 GOVTS 2830 *Nv;5T~EN INCOME
uTn:R TRANSF 434 Ra SFERS
TOTal 576.i6.
SECTION E: GOVERNMENT REVENUE
' . REVENUE .
CommODITY TAXES 26061
NON°COWMODITY i AXES . 3211.
LUV T LOODS & SERVICES 7136.
RE SUURCE ¥AXE . 32
IMPFURT DU ) S8e
PErSONAL INCOML TAXES ' «B858.
gsnvogAtlou TAALS Zglg.
= - .
uTncA *EANSFERS FROM HMLDS. _ 2850
TOoTAL 19920«
SECTION F3 BUSINESS SECTOR ACCOUNT )
KEVFNUE EAPENUI
URUSS PRODUCTIUR 89751 INTERMEDIATE GOODS & SE %CES
SUosIDIES 6060 INgIRECY TAXES
WA ES.SALAR& S & S.Lo&.
NET INCOME UNI?SOR 8 g
INT. & DIVe PAID PERSON
UEP&;'ION & MINING We=0,
CAPITAL COST ALLUwANCE
OTHFR SURPLUS

ToTaL 90356

-~ &
rcguax
OO SN

-~ NN —
[V g
e " e o0

47263,
12
5516,
3s72.

e

57606,

40950,

- 6[ -



SOLT v 6 IMFACT ANALYSIS UF EXPENSES ON ARCHITECTU~AL 1966 [-U MOLELSs -

SECTION C: INC.&EXPUT. ACC'T(UOMFSTIC)

o . ; ENDITURE _ _ Income
COWOUMER EXPENG-ITURE 904]% - WAGES+SALARIES, S-L.A-
F Inval. UEMAND Yunh, . "NET INCOME OF UNINCOKRP, BUS,
TR ‘VESLSJED:JALI)ESPRODUCTKON -19ad: SR LS, AT FACIOR CUST
VUV L. N : - Ue
© 47 1axP3U8 T DUTIES LESS SUBSIVIES
ToTaL 16384
SECTION Vi HOUSEHULU ACCOuUT
CAPENDITURE INCOMt
LUN)UM&R EKPENLITURE ON GAS ] Yuale WAGESS SALARIE
PERSONAL INCOME TAXES 992 SUPPL. Laglur [NLOM
HEK:UNAb SaVvINL2 650 NET INCOML OF UNINCONP. HUS.
ulnek ANSFER:= 'TU GOVTS : 558 {NVtE; ENT InCOME
ulner TRANSFER> _ 85 WA vSFE
ToraL 11286
SECIION E: GOVERNMENT REVe wE
NFVFNUE )
COmODITY TaXE>' 1500
NOw=COMMODITY -1 AXES 673,
6Gv T GUODS & SERVICES : 149,
RE>UURCE TAXES ~ 2T
IMrFURT DUTIES . le4,
HEK:ONA% INCOME TAXES : 952
COmruRA ION TAAES 951
SUe> % =130
Tn;R RANSFER: FROM HHLDS. 5%
TOTAL 4425,
SECTION Fi BUSINESS SECTOR aCCou:T
VENUE . EAPENUITUR?
GRUSS PPODUCTIU“ 21046+ INTERMEDIATE GOOUS & SERVICES
SUsSIDIES 130. lNoLgecr TAXES
’ N N C0uE OF CUNINCORA: us
INT. & DIve bald 8 PE& *
3ES&EI‘°3037"§3 UHANCt o.
urneﬁ %uaqus

TOTAL S 21176,

- —uU 0

- NG O=O®OWN

~N SNOSSOON
(W I o) i O
L R I I B B )

~N
o
.

- 08 -



SOLUTIwie 8 - 7 IMFACT ANALYSIS UF EXPENSES UN MECH;NKCAL ’ 1966 1-U MQDELS

SECTION Ct INCJBEAPUT. ACU'T(DOMESTIC)

EXPENDITURE - R INCOME
SUNSUMER EXPENU I TURE 170550 WAGESeSALARIESy SeLaels
_F IwaL UEMAND 170292 NET INCOME OF UNINCORP, BUS.
&S:YRTSFb zaeorﬂénspkouuchow -“39>$" SuapLgsé AT FACIOR LUST
. - - ret)ePoe
: ' * Taxes & DUTIES LESS SUBSIVIES
TOTaL 292942,
SECIION U3 HOUSEHULD AaCCOV~T .
EXPEND ITURE . INCOME
CONSUMER EXPENUEITURE ON G&S 170950 WAGESS SALARIES
PERSONAL lNCOML TAXES 17954 SUPPL. LAROUKR INCOME
PtK>0NA Savl 12259,  NET INCOME OF UNINCONPo BUS .
ner NsFER lu GOVIS 1U934, {NVtg;"ENv INCO
neR RANSFE R 1605, Ra:v
ToTal 212903,
SECTION E£1 GOVERNMENT REVENUE
REVENUE
COMMODITY TAXE™ 20821.
NQ=COMMODITY 1 AXES 12276
GOv*T GOOUS & SERVICES 2717,
RESVURCE TAXES g:a.
IMrurT HUTIES 3540,
PENDONA% INCOME TAXES 17954,
CONPORA ION TAALS 8827
30631 €S ~264e
QTreR TRANSFER> FROM HHLDS. 10534,
TOoTAL © 74579
SECTION F: BUSINESS_SECYOR aCcCcou~T
MEVENUE _ ! EAPENU I TURE
GRuUSS PRODUCTIVN 33%556. INTERMEDIATE GOOOS & SERVICES
SUBSIDIES . 606 INDIREST TAXES
| | RASTaEand e NiSebid: g
)
INT. & 815. EAINIYS PERSBNZ®
DEP.I:n N & MINING Wa=0,
SAP xAg COST ALLOWANCE
THE URPLUS

TOTAL 334]101.

112“22.
2 .
ée?.

21&904,

334161,

18 -



apJilvy = 8

SECTION C:

CXPENNDTTURE

CCOnSUMER EXPENUITURE
Floap JEMAND
IMPURTS LESS DVl IES

60vie Htvswue rROM PRODUCTION

SECTION U3

TuTaL

LXPENOITURE
CONSUMER EXPENCITURE ON GAS

PEN;ONAL lacouc TAXES
tSONAL SAVI

) neR TRAY FERD TO GOVTS

ITreRr TRANSFER:

[MFACT ANALYSIS UF EXPENSES UN ELECTRICAL

INC.SEAPUT. ACL!T(DOMESTIC)

SUJdYle
41893
-9637.
=778

81869,

HOUSEMOLD ACCOU T

SudTe
317S.

778.

303

( .
534%0
2136.
"DJSQ
3i12.
20075,

1960 [=U MODELS

59 SAL 'xtsilgceﬁg
WAGHS AL AR
NET“TNCOME OF UNINCORP. BUS.
SURPLUS,  aT FACTOR CUS
¢ ] ' . o
Taxes & OUTIES LSS SUsLivies
[NCOMt

wAGESS SALAR
SUPPL e bABOUR lNCOME

NET INC OF UNINCORP, uUSe
INVESTMEN comE
1Rp :SFERS

GOVERNMENT REVZ WUE

SECTION Fi BUSINESS SeCTox aCCou--T

TOoTaL
SECTION €
REVENUE
COmmQDITY TaXes
NQN=COMMODITY 1 RXES
GOveT GOODS & SERVICES
RESUURCE TAXES
IMPURT nDUTIES
PERSONAL INCOME TAXES
OrrPQRATION TAAES
3UG=ID*ES
OTrer TRANSFER> FROM HHLDS,
TOTAL
REVENUE
GRUSS PRODUCTIVR
sSuUnSIDIES

forac

80058
532

80590«

. EAPCNUI

INTERMEDIATE GOOUS & VlCES
5§°‘§‘§IL'3“§ & s

OGF S e le
NET INCOM F uNIng 5R$ USe
T, b BIve PAID 10 PERSONS
VEPILETION & MINING We=0,
CAPI£A§ COST ALLOWANCE
UTHE URPLUS

- 28 -



B.1 SECTORAL IMPACT OF ALL CAPITAL
EXPENDITURE ON TREATMENT



L

SELTIV4 83 [nFACT ANALYSIS UF EXPENSES UN PRY .r‘-HY IREATMENT+ 1966 1-0 MODEL>»

NET INCUME SURPLUS  EMPLOYMENT

0000 STAGLS OF PRUDUCTIUN (HHLY) NOMESTIC TUiAaL INDI~EeCT SALARIES
: FInal ME Il? TAKES LESS & WAGES ON [NCURP

DEMAND U PYU >uu>luns + SelLole’ BUSINESS MAN=YEARS

8oégu'3?sl 9F0QEST.FISH(00A-02%; ;29. lzggf. 159. 1426. sag; 063. %“.}
U [ 49 . Ve ) -

35585 GANUr AcTURING 7) 45342, 1710le. lo:6 35803, 362, 15348 55 5.1
0u40" CONSIRUCTION «1«810-A~890) Ue 56170, 257 o 3nnb, zis, 2;5. 79.1
00503 UTAEx (lav=-191) 11363, 163997, 9394, «3 1%. 14336, 31g 8, 987,4
0u4s0U HOUS:HOL‘S : aoogg. 209235. gaoze, 4325, 3 " 28y, 0,3
outog TO 144658, S674le, Son’, 88761, 2023,  S5000, 14183,

-vg-



P ACT ANALYSIS UF EAPENSES UnN SEVwiiDARY TREATMENT 1966 1=U MOUELS

I

seuT K\JN -}

EWPLOY“E?L
vanN=YEARS

SURPLUS

STAGLS OF PrOVUCTIUN (HKLD)

0000

QUSHOLOS

QTaA:

LigY

- g5 -

s
L3

&



SeTIuid Bt I-FaCT ANALYSIS UF EXPENSES unN RECOVERY . 1966 I=-U MOULELS
0V00C STaGrS UF PRODUCTIUN (HHLD) NOMESTIC ~ TuTaL INDIxECT SALARIES NET INCUME " SURPLUS  EMPLUYMENT
- . FIvaL DUMESTIC TAKES LESS & WAGLES ONINCURP

DEMAND QUTPUT “SURSIUVIFS + Selole BUSINESS MAN=YEARS
00109 A(,-an..Foor:I.r[sn(qu-o 3 Ve 17761, 217, 2304, Sub 424, 445
00§0c MINT (0 ?7) Ue %408’. 1.4, -4«;5., g g 523 . Sbg:
00307 MANUP ACTURING (v o- 47) Ve 256911, 2401, 546178, S 31634, 8168,4
QU4C5 CONSIRUCTION (14810-A~B90) 214000, 2214179, 15.50, 54977, 7048, 6638,0
0050y UTHE= (149=191) Ve 2%8803. 11322 szg?a. 18397 nS37, 10237.1
oo?oc nOUS=HOLNS Ve 223766, laril, bg. g an., 0,0
0070: TuTa: 214000 95224 4 44304, 178145, 25592, 34293, 26052.3

-98-



1966 I=-u MOUEL >

1+ ACT ANALYSIS UF EXPENSES Ow TQI-L

=X

Seoilon

{NDI~eCT
TARES LtSS

N
WAN-YEAAS

EMPLOYMENT

SURPLUS

SURSTUIES

tHRLD)

Qu00: STAGES UF PRUDUCTIUN

é

® e 0 & 00
—JT (V-0
BT N,
T =T
WO D~0
~NMD

o e s &80
INO~- ™M
=l L e I fVoN o]
~ DN ONO~

~ UTHER
nAOUSEHOLNS
5 70TA

J
¢
6
N
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5eLTTON 68 I:FaCT AVALYSIS UF EXFENSLES On STruCTURAL 1906 I=U MUULELS

00007 STAGES OF PHODUCTION (o) nouESTIC | JUTA | IWOLECl  SALARIES NEL INCUME  SURPLUS  EwLOVMEND
. g1 (A

vEaAND U?PUT SURSTU1E * SelLole SUSINESS wAN-YEAFIlS

8‘}%8" :tm{wro:zrshf15H§uox-o(f.7$; é"-ﬁ‘ “32@,' n‘e‘. gig. : 1“?2.' gé}. 1}‘2.5
~ NG “= . . PO e . % Ad *

0030¢ MANUF ACTURING (v¥e=14r) 15446, 45637- 247, 10232, 21, 6189, 1553.7
00400 CONSINUCTIUN (1481lu=1489v) e 1614, /3, 851, ol 67, 104,8
8828, :LU%NHOL " (147=191) 2"3638. Q?Z’:d. 2;32. l]}g‘u 3889, 8446. 2178.8
9033 Tota: : so120, 1383688: e 6. 24175: 5516, 16031 399474
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3«:-..[‘1\):. 3 [P acT ANMALYSIS VUF EXFENSES UN ARV L TECT RAL 1906 i=v MOUELo
00000 STAGeS OF PROVUCTION tHHLO) NOMESTIC TOTal INUL.tCT SaLARIES NET INULOUME SURPLUS EMPLUYMENT
. FInaL oonesrxg TAXES LSS & WAGES  ~ UNINLURP S :
: DEMAND obiPu SURSIVIES ¢ Selale BUSINESS” ‘ vA=YEARS
00103 AGRILIFORESTsF1SH{004=0 3) Ue 1517, Se 68, cd6 10, Se.?
00205 MINING (9Q = ?7) . 349 17 . ;a . l 3
00305 MANUF ACTURING (0lo=147) seu't? 127482 1060 30954 na 1 159%: RITE
0U40C CONSTRUCTIUN (14810-14890) A 3a4l, 15 _ 181. 13, za. 22.2
08283 353§:n0st (lav=191) 337}. 195~g. 70?. 2332' 193, V7 2' 454,4
i i 316 H “ . . .
8070ﬁ ‘ . 1d55a: . 142, 11424 31&1. 979.9

TOTA:, 8820 22%. 1473, -6

_68;



Seullun B:  [+FACT ANALYSIS UF EXPEWSES ON "EU"ANlCAL 1966 =V MOUEL»

0000n STAG' S UF PRODUCTIUN (HHLD). NOMESTIC TOT AL INUINECT SALARIES NE! INCUME SURPLUS  EMPLOYMENT
- Final DUMESTIC TaXES LE$S &_WAGES ON [NCORP N
DEMaND oUTPUT  SuRSIUVIES ¢ SelLele BUSINESS ' . MAN=YEARS

00100 4GP IC,FORESTsFISH(001-003) Sy 14579, 32, - J2os. 5574 )%3: i21:
0020¢ MINING (=017 684, 4703, sl l 3 . é 3. 2 . r44 g

80586 TANGFScTURING  fU o-?gr). 43095, 174183: 13 6. 15835: 2837 \Ré94. s363:
00400 CONSTRUCTIUN (14810=1890) 0o 6115, con, 3245 §39. £33, 3388
00500 OTHER (14¥=191) 25374, 182216, 1936, 42621, 15943, 35466, 9138.0
00600 MOUSELHOLNS . 81799, glegud. 234, &457: 24 s9588 9:8

00700 TOTai 151002, SJ4l98, 64304, 393917, 22125, 5984, 15347,
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['FACT ANALYSIS OF EXPEwSES Un ELELTRICAL

NOMESTIC TuTaL  INDIRECT SALARIES
Finat DuUM E?II$ TAAES LFSS & WAULES
DEMAND auUlPY SURSIVIFS + SelLoele

l. ??gg. 24, 333.

LY . [
79850 IHB T4 . a7 gB5as
Qe 1529. ale 81l
615, 2536, 2532, 1l171.
31233+ 02945, 4132; 307,
33857/, 151065, 74¢ 22632,

1906 1=V MOUELS

NEJ INLUME . SURPLUS
On [NCURP : :
BUS INESS

1954, g9g
@&1 ao?o
S8, 69

svle, n187
?. .. 87
S1l, 13579

s e o0 e 0
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N

wAN=-YEARS

gé.o
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39,9
2105.7

0,0
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B.2 INDUSTRIAL IMPACT OF ALL CAPITAL
EXPENDITURE ON TREATMENT
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SeLTION B3 IrrACT ANALYSIS OF EXPENSES UN SELUNDARY !REATMtvalbe I-u MODEL

Quan. I4Ryl=NUTPUT HHLD. 13w AGGREGATN NDOMESTIC 10T AL INDIRLC' SALARIES  NEJ INCUME SURPLUS  EMPLUYMENT
: : . FINAL DUMESTIC TAXES LcSS AGES ONINCORP : ) N
: DEMAND outTPUT SURSIUIES . s L.I. S BUSINESS wAN=YEARS
0010 AGHILUL TURE ) o 8433, 224 489, 3549, 1291. 136.6
0,20 FIRF-TRY ) : Se 831, 39, 319. o 67. 43,7
Qu30’ FISﬂLNG & rRLP’pING | 30 22l “, 49, -] . 57- 18,0
Qu«0n PETRULEUM & 0.5 WELLD Oe 1386, b6, l;g. . 732, ;%.9
QuUSG:" AINE 4h8, %gzj. -2Y. 573, 14, 683, 6
0usun HEAT PRONUCTS INDUsTriLS “nS, 390. <r. 573. » 229. 95,3
QUTGT JALRY PRODUCTS INDUSIRIES 48, 3ci4, €y e 499, 19, 197, 69,4
Qu3Cl FISH PRODULTS InDUSTRIES : 6e 375. 2o 75, . 2y, 19,0
guIt oAl MIi1L> : 13, 1442, -2, 149, o 147, 2le7
040D DTHE=< FUND) & ~UFT urink 1ND, Tt 6430, 1l 1382. 37, 808, 244,.,6
0L10¢ ALCONGLIC BeverAGE [wu, Se {355. 3R, 264, 0. “21. 31.5
012G ToBaLCO INUUSTRIES s le 161, 3 _bno O, trb. 25.&
013C7T =URRcr 1~DJUSTIES e lléey, 12 22, 2, 83, “2,
QileC. LEAT ER [WUUSTHIES @, 1031, . 348, 2, 24, 78.9
01507 TEXTILE INUUSTRIES il. 39718, 36, 040, 1. 364, 195,13
0i6ys CLOTHING MANUFACTJIRERS 4, 3266, 14, 207. 138, Zéﬁ. 245,17
017G¢ a0LD 1410USTrirS 409, 1482, 12e 07 7 123, 63,4
0L3C" FURNITURFE YANUFACTURERS 4694 17290, 17, 583, i7, 230, 107,.1
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7B.3 DISTRIBUTION OF IMPACT TO FINAL DEMAND,
~ INDIRECT IMPORTS AND TOTAL DOMESTIC OUTPUT
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C METHODOLOGY OF THE STATISTICS CANADA INPUT-OUTPUT MODELS - AN ILLUSTRATION

1.

Definition of Symbols

g = (k x 1) vector of values of total industry outputs.

a = (k x k) diagonal matrix of values of total industry outputs.

g = (n x 1) vector of values of total commodity outputs.

& =(nxn) diagonal matrix of values of total cbmmodity outputs.

V = (k x n) matrix of values of industry outputs by commodity outputs.
U= (n x k) matrix of values of intermediate outputs.

i =‘(k x 1) unit column vector

e = (n x 1) vector of values of commodity final demands (minus imports

which have been taken as zero in this study).

Assumgtidns _
g = Dq (1)

where D = Va-1 = gpserved industry market shares are fixed by commodity.
Ui = Bg - (31)
where B = U8 -1 1000t values are fixed proportions of total output

values for individual industry production functions.
For simplicity, assume no indirect import leakages.

By definition: |
q=Bg+e (ii4)

An Industry Output Model

Premultiplying (iii) by D;
Dg= DBg + De (iv)

and, substituting (i) into (iv);
g = DBg + De

(1 - DB)™ De (W)

g
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Equation (v) can be interpreted as follows. Industry outputs, g, re-
quired to meet final commodity demands, e, are equal to De the ?k x 1)
vector of final commodity demands allocated among industries, to determine

the amount to be supplied by each industry, times the "industry output
muitiplier®, (I - DB)'1* '

* For a more elaborate account of the various special models see 'The

Input-Output Structure of the Canadian Economy 1961' VOL. 1 Statistics
Canada. Cat. No. 15-501 Occasional.
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D TAXING THE POLLUTER IN THE TWO-PARTY CASE

In the simple two-party case, assume that the polluter's
marginal benefit schedule can be drawn with respect to the quantity
of waste emitted, that his victim's marginal loss schedule can be
similarly drawn and that these may be represented by DB and DE
respectively as in the diagram. The optimal poliution level would
be OA where the marginal net gain of the polluter is zero (i.e. net
of the victim's marginal 1055?. Let us consider the solution in
relation to this optimum in four cases;

Dollar
- A benefits
or losses A E
o ke
N\
AS
AN
\ P
\
\L |
AN |
(I N |
t N\ ' .
A A . —> Quantity of waste
0 - C A "B emitted

CASE 1. If there is no possibility for bargaining between polluter
: ~and victim and there is no tax on the pollution generating
activity then the resulting pollution level will be OB at
which, without restraint, the polluter will maximise benefits
to himself. This is clearly non-optimal since losses to the
victim are not taken into account.

CASE 2. Assume no possibility for bargaining, a tax equal to marginal
losses is imposed on the polluter but no compensation is paid
to the victim. The pollution level will be OA. Above OA
marginal losses and hence taxes will exceed marginal benefits.
Below OA the opposite is true.

CASE 3. Assume that polluter and victim can bargain and a tax is'
imposed on marginal losses without compensating the victim.
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Let DA be the polluter's marginal net gain schedule. As
long as the victim's marginal loss exceeds the polluter's
marginal net gain (and this occurs over the range CA), the
former will have an incentive to bribe the Tlatter to reduce
the pollution level. OA will no longer be the optimum pol-
lTution level from the point of view of the victim. The
solution will be at OC where marginal net gain equals the
marginal loss. '

CASE 4. The only difference between this case and Case 3 above is
that the victim is allowed compensation amounting to the
proceeds of the tax. OA now becomes the optimum pollution
level since the polluter's marginal net gain and the victim's
marginal net loss (or loss after compensation) both equal
zero at that point.
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