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MAIN POINTS 

‘VThe following is a summary of the major findings of 
’ 

this study. These conclusions, and.the more detailed results in 

fthe text, are only significant in the context of the background 

material and methodology presented in Chapters l-3: 

1) 

2) 

The installation of water pollution abatement plant 
“ in pulp and paper mills consists mainly of onsite 

construction of treatment facilities. 

Important linkages between the activity of installation 

‘of pulp and paper-effluent treatment plant and the con- 

Astruction, metal fabricating, concrete products, 

electrical products and other building materials 

producing industries are initiated if compliance with 

the Pulp and Paper Effluent Regulations is assued 

won the basis of existing or ‘best practicable‘ tech- 
‘ 

nology. _The pulp and paper industry_consumes that 
impart of the product of the new pollution abatement 

_equipment industry defined by these linkages. 

on thé basisof the number of mm: existing i.n 1971, 
l‘their effluent conditions and.flow rates, it is 

'estimated that capital expenditures amounting to 

-$478_million would be required in the period l97l—80
V



4) 

. 

S) 

6) 

for those mills to comply fully with the Pulp and Paper 

Effluent Regulations of November l97l. This total is 

distributed among primary; secondary and recovery 

treatment types in the proportions 33%, 22% and 45%, 

respectively.A 

total value added to the economy; or gross domestic 

product at factor cost, resulting from the production 

of all materials used in constructing 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 dollar of capital ex- 

penditures by treatment type was estimated to be $l.56, 

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

respectively. 
A 

The employment generated by total capital expenditures 

on effluent treatment plant is estimated to be 65,652 

man—years, of which l5,6l0 maneyears 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.a



7) 

8). 

in the usual capital expenditure pattern of the pulp 

land paper industry. 

VThe main explanation of the result in 6) above is 

the much 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 accounted for 47 percent of_ 

usual pulp and paper capital expenditures and 89 

percent of direct imports. In contrast, the onsite 

construction of effluent 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 sommaire des principales conclusions 
A 

de cette étude. Ces conc1usions, ainsi que les résuitats plus‘ 

détailiés dans 1e texte, ne sont significatives que dans le con- 

texte du materiel-de base et de 1a méthodologievprésentés aux 

Chapitres'14aA3: 
.1) 

2> 

Instalier un apparei] de dépo11ution-de 1'eau dans 1es 

"usines de pates et papiers.neVient'principalement a 

construire a pied d'oeuvre_dés moyens de traitement. 

’. L'observance oes rég1ements«sur les effiuents des pates 

et papiers se1on'1a tecnnoiogie existante ou "Ia p1us 

pratique“ entraine'd‘impoktantes,connexions'entre 

-_ ]'activité consistant 3_insta11er T'apparei1 dé traite- 

ment de ces effiuents et les industries de la construction, 

de 1a fabnication des métaux, des articies en béton, des 

produits é1ectriques et des autres matériaux de construc- 
' tion. L'industrie qes”pates et papiers consome cette- 
partie de 1a production de la d'équipe— 

ment de dépo11ution,«te11e que définie par ces reiations. 

Sur 1a base du nombre des usines existant en 1971; des 

conditions et des débits de leurs effluents, on évalue 

a $478 miilions ]e’nontant des dépenses en immobiiisations 

'- viii-—



6) 

qui seraient requises durant Ia période 1971-80 pour 

que ces usines se conforment aux Régiements sur ies 

Effiuents des Fates et Pepiers oe novembre 1971. Ce 

tota1_se répantit entre les types de traitement primaire, 

secondaire et par recuperation dans les proportions 

respectives de 33, 22 et 45%.» 

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

_ 

estime a $704 miiiions 1a=p1us-value toteie, ou 1e 
- produit.domestique brut au prix de gros, resultant de 

‘la production de tous ies matériaux utilisés pour 1a 

fabrication de ]'appafei1 de-traitement des effiuents 

ainsi que la main d‘oeuvre empioyée pour la oonstruction 

a pied d'oeuvre. La p1us—va1ue par doT1ar dépensé en 

immobilisations a été évaluée respectivement a $1.56, 

$1.59 et $T.35-pour_1es types de traitement primaire, 

secondaire et de récupération. 

'L'emp1oi créé par les dépenses totaies en immobilisations 

_re1atives a 1'apparei1 de traitement des effluents, est 

évaiué a 65,652 hommes-annees, dont 15,610 sont requis 

‘pour produire tous ies matériaux utilises dans une teile 

construction. 

La pius value résuitant de 1'investissement nécessité 

par 1'apparei1 de traitement des effiuents était pius 

1- ix -
.



7). 

_ 
8) 

grande que Si 1'investissement.ava1t eu lieu selon 1e 

_scheme ordinaire de dépenses en immpbi1isations de 1‘in- 

idustrié des bfités et pé@1ers._e 

Le réSu1tat‘repporté au CH. 6 ci-déssus s'exp1ique surtout 

par 1é_fuite:beéucoup pits grand; a 1'impor£ation directe, 

29,5%,‘ordiflairemeht asspciée aux dépehses en immobi1isations, 

: fa tomparér 3 cg11¢§ de 3;7% podr_fnsté11er un appareil de 

traitement de$'eff1uénts dés'p§tés'ét-papiers. 

. 
La machinerie~industriei1e Comptait pour 47% des dépensés 

en 1mmobi1iSations éddréntés dans 1'industrie des pates, 

et papiéks et.pouf'89% des importantes directes. Par contfe, 
' la construcfi§n'§ pied—d‘déuvre de 1'appare11 de traitement 

..-des_eff1uehts ifip1ique uné faifi1e mise de fond, 3.2%, sur 

Vj1a machifierié industrie11e»pféfabriquée, dont 34% était 

~,bour_1es importatiohs.



1. INTRODUCTION l_ 

‘The commitment of modern communities to the abatement of industrial 

pollution has induced an allocation of resources to that activity.‘ Associa- 

ted with this activity are the backward linkages with other industries whose 

products are the equipment, material and service inputs 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 itself to the problem of identifying the complex range and quanti- 

. ties of equipment and materials used in.the construction of pollution abate- 

ment facilities. However, 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 comprising that industry. That consequence is 

the derived demand for inputs of materials and labour for installing water 

pollution abatement plant sufficient for those mills existing in l970—7l to 

comply with the Pulp and Paper Effluent Regulations by l980. Qualitatively, 

this derived demand is composed of goods and services 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 the identification of such industries and the 

estimation of the magnitude of their contribution to gross output and 

employment in meeting this demand.- 

More generally, as is suggested in Chapter 2, estimates of the 

gross benefits to the economy resulting from the policy prescribed in the 

Pulp and Paper Effluent Regulations, form part of the data which would be 

required for a cost-benefit evaluation of this policy. The costs are the 

value of investment alternatives foregone in restricting the use of a set 

of resources to_that of water pollution abatement in the pulp and paper 

industry. If the economy is operating at full employment, this cost will 

be higher than othenwise. The benefits are, in addition to those measured 

in this study, the 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 description of the nature, technology and 

economics of water pollution abatement in the pulp and paper industry 
Vtogether with a summary of the objectives of the study. The underlying 
‘assumptions and methods of obtaining estimates both of required capital. 

expenditure and of impact measures are outlined in Chapter 3 while the 

following two chapters contain summaries of the impact on output and em- 

ployment respectively.
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-2. STUDY BACKGROUND AND OBJECTIVES 

2.1 Water Quality Deterioration and Abatement Technology_ 

water use in the pulp and paper industry 

water, in combination with wood, 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, 

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

iv) sanitation. 

’ The critical transformation of this resource, which results 

in its degradation or loss in value to subsequent users, occurs in 

stage ii) above. In the wood preparation phase water is used for 

washing the logs and, in the form of high—pressure sprays, for 

_ 

barking. In chemical pulping processes the dissolution and removal 

of lignin and other fibre binding material is effected by cooking 
' 

with a dissolving liquor (acid or alkaline in sulphite or kraft 

processes, respectively) 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 l968.



lignin and the cooking chemicals. The pulp may be screened, 

bleached and washed with water several times depending on the colour 

required. Finally, a mixture of approximately 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 of the logs. 

In pulp and paper manufacture since a very small proportion 

of water intake is dissipated in the production process the require- 

ments for waste water disposal are large and water reuse in process, 

a form of inplant treatment, becomes a viable alternative. In l970 

the daily water intake of the pulp and paper industry was 2.4l7 billion 

gallons of which 3.6 percent was consumed. Among primary manufacturing 

industriés.the pulp and paper industry had the largest water intake, 

38.5 percent,.as shown in Table 2.1. 

TABLE 2.l TOTAL WATER INTAKE BY MAJOR INDUSTRIAL GROUP 1970 

Industrial Group'i 
. ~l Percent of Total Intake 

. Chemicals 

‘ Food and Beverages 

oo Pulp and Paper 
H

3 
IV) \I Smelting and Refining 

Petroleum Refining 

Plastics 
Textiles 

|\'J(A.)U‘lU'lO\KO 

%l\)U'|kOkDO3'—"U'| 

Concrete Products 

£0 80 U1 

SOURCE: D.M. Tate. Water use in the Canadian Primary Manufacturing 
I"dUStPy. Water Planning and Management Branch, Inland waters Directorate. Dept. of the Environment. Ottawa. August 1972 mimeo. ~

_

"



Regionally the pulp and paper industry had the largest water intake 

except in the Prairie and Ontario Regions. It consumed the smallest 

proportion of water intake in all regions except Ontario. This is 

-shown in Table 2. 

Effluent loads and conventional treatment systems 

‘The effluent discharge of pulp and paper mills, which trans- 

forms the guality_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 inorganic waste, consist of clay particles or grit from 

woodroom operations, bark fines and broken fibres unchecked by plant 

screening systems. These materials give rise to sludge banks which 

occupy space otherwise inhabited by aquatic life; render watercourses 

‘aesthetically displeasing to local communities; decompose slowly and 

absorb oxygen otherwise usable by water purifying organisms or nec- 

cessary for the decomposition of microbioticwastes. 

Extreme imbalance between available oxygen and excessive 

oxygen demand in watercourses may give rise to aerobic, or septic, 

conditions. The organic wastes, largely 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 HATER USE BY INDUSTRIAL GROUP 

INDUSTRIAL GROUP 

PACIFIC PRAIRIE ATLANTIC 
Hater Intake 

% of Regional % of Regional 
Consumption

N 
A: 

water Intake 
of Regional v% of Regional 

Consumption Hater Intake 
% of Regional 

Consumption 
% of Regional 

Water Intake 
% of Regional 

Consuption 
of“Regional 

Hater Intake 
of Regional 

Consumption 
of Regional 

SOURCE: D.M. Tate. "water Use in the Canadian Primary Manufacturing Industry". 
water Planning and Management Branch, Inland waters Directorate. of the Environnent. Ottawa. August l972. mimeo. 

Dept. 

Total _Hater Intake Total water Intake Total Water Intake Total 
_ 

Water Intake Total Hater Intake 

uPulp & Paper 64.7 3.5 l6.4 2.3 
1 

23.2 :l4.3J 44.3 3.6 59.5 3.1 

Smelting and 
. 

_ 

I 

, 
I 

,8

. Refining 2415 A 5.1 54.6 2.6 3l.7 6.5 l8.2 6.9 ll.4 7.0 
Petroleum Refining ’ 

. 54.9 15.2 5.7 15.1 _ 9.7 15.0" 3.7" 
’ 

15.2 11.2 15.2 
Chemicals and 

I 

. 

_ 

. f , Plastics ‘ 0.3 l3.3 8.6 l2.2‘ 25.2 8.3. l6.2 9.0 4.31 8.5 
Food and 1' 

I 

' ' 

Beverages 3.2 7.9 9.9 8.9 5.2 _9.3 5.4 
_ 

9.4 ll.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 l0.l 4.7 _l0.7 2.7 ll.l 2.8 ll.4 l.5 l6.5 
TOTAL 100.0 4.8 l00.0 5.1 l00.0 7.6 l00.0 6.4 l00.0 5.9
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‘the amount of oxygen reguired for the biological decomposition of 

’organic solids under aerobic conditions in_a specified time period 

(usually-0'days),~;l 
V 

Colour and acidity problems also emanate from discharges 

of spent cooking liguor. The intensity of the problem varies with 

the pulping process in use. ‘High colour and foaming intensity are 

characteristic of kraft pulping liquid wastes while acidity and, to 

a lesser extent, colour are associated with the spent cooking liquor 

of the sulphite process. 

In Table 2,3 below, some indication is provided of the 

_ 

waste discharges of water, BOD and suspended solids per unit of in- 

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

‘TABLE 2{3 COMPARATIVE WASTE DISCHARGES.
_ 

Industry l" ‘.4 
_ 

Unit 0f 
V 

4. 

Waste Water B.0,D. Suspended 
.- 

:1 Input or Output - (gals.per unit) (ppm)a Solids (ppm) 
4 t 
1Groundwood 

' 

. 

‘ .‘ ’

b 
pulp - 

l ton dry pulp. l2,000 645 n.d. 

Soda pulp ' 

1 ton dry pulp 58,000 ‘ll0 ' l,720 
Sulfate I 

‘ 

- 

0 

-n 
-

' 

. (kraft) pulp _ 
l ton dry pulp . 64,000 l23 n.d. 

Sulfite pu1p‘ 1 ton dry pu1p \ 48,000 0 
443 n.d.. 

Paper mill , 

1 ton paper 
' 

‘ 

p 

40,000 
_ 

19 
_ 

452 
' vPaperboard 1 ton paperboard 14,000 121 660 

‘SOURCE: E.A. Ackerman and G;0.G. Lof, Technology in American Water 
Development Baltimore: Johns Hopkins Press, l959. p, 130 

appm.é Parts per million. 
bn.d. — no data
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A conventional effluent 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 production system which may involve some modification 

"of internal circuits, or-(ii) of conversion in process or (iii) con- 

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

The modification of internal circuits to convert to higher 

9 
yield production involves firstly recycling any wastes which can be 

reused into the production system such as the refining and recycling 

of coarse particles and the reuse of white water. The actual method 

of recycling may follow a number of stages such as the collection of 

spills, the use of saveealls for fibre recovery and piping to recir- 

culate white water where it was previously discarded. 

where extremely high levels of waste discharge exist, and 

this is most likely in the case of older sulphite mills, inplant 

treatment may take the form of a-conversion in process. For any such 

mill three broad-options are available. -Firstly, the very costly 

installatimiof a chemical recovery system may be effected. or secondly 

the cessation of pulp production and production of newsprint only by 

buying.pulp from other 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 involves conversion from coal to gas or oil. 

Aiterations 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 disposal.g/ 

In primary treatment solids separation is executed with a 

circular clarifier equipped with a mechanical sludge collector. Se- 

condary treatment_is usually effected by an aerated lagoon or, where 

there is an inadequate supply of land, activated sludge is used.V The 

.disposal of wastes from primary and_secondary treatment sources involves 

firstly dewatering, usually by vacuum filter or centrifuges and then 

the disposal of sludge by landfill 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 to the system for purposes of flow recording 

and control to ensure operating efficiency. 

g/ 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 Canadian pulp and paper 

industry, with respect to effluent and abatement conditions in l97l 

is presented. Kraft_pulp mills show the highest treatment rates, 

65 and 43 percent of all mills had primary and secondary treatment 

facilities respectively. As a result these mills reported the lowest 

levels of-BOD 5 and suspended solids among pulp mill types. In 

contrast are the sulphite mills of which none had installed primary 

treatment facilities while one had secondary treatment and another 

used a municipal sewer for effluent disposal. Lack of treatment, age 

"and inflexibility of-sulphite mills probably account jointly for 

their reporting the largest levels of BOD 5, total dissolved solids 

and water consumption. Data on the number of mills and total daily 

. production for each mill category, reflect the present concentration 

of pulp production in kraft mills rather than sulphite.mills which 

have proven to be less easily adapted to chemical recovery, internal 

water reuse and destruction of organic material in cooling liquors 

than kraft mills, with the exception of the newer soluble base pulping 

processes. Use of municipal sewers as receiving waters for mill ef- 

fluent is almost totally confined to fine paper and fibre board pro- 

ducing mills. Of the pulp mills only one sulphite and one neutral 

Vsulphite semi chemical mill used municipal 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.
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_TABLE 2.4 MILL EFFLUENTI/CONDITIONS IN THE PULP AND PAPER TNDUSTRY 1971 

Type of M1‘11s Number of m'11s with mus Hi-th Mi11s Using BOD 53/ Tota1 
" 
Suspended Hater , 

5." Production Mi11s Primary Secondary Municipal Disso1ved So1ids—-- So1ids 5/ Consumption—/ Tons/Day Treatment Treatment Sewers Tbs./ton Tbs./ton 1bs./ton (U.S.Ga1/ton) 
Neutra1 Sulphite Semi . _ 

. - Chemica1 (NSSC) 6 0 O ~1V 140 ' .362 141 '22,66O 1,318 
» Su1phite 

V 

‘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 33‘ 5 2 1.3 71 . 

g 

as - 76 -29,375 3,225 
Integrated Kraft 12 1 '1‘ 0 92 1284 105_ ..49,020 6,639 
Fibre Board 

' 

11 o - 

1 3: 43‘ 81 44’ 8,903 1,042 ; 
Newsprint 34 7. 0 O‘ 156 438 ' 91' 35,878 A21,180 1 

Groundwood 8 1 1 o_ . 

_ 

135 522 57 30,781 21,849 
Newsprint and Other _V . 

.
- Products ~ 3 1 1 0 69 240 86 41,281 4,385 

- NOTE: Data on BOD 5, Tota1 Disso1ved Solids, Suspended So1ids and Water Consumption are given as weighted averages per mi11, where the weights are individua1 mi11 production, in each type of mi11. 
SOURCE: Paper, Fibre and A11ied Products Div., 

U 
2/ 
§/ 
3/ 
§/ 

D.0.E., Ottawa; 

with the exception of tertiary sources such as toxicity, acidity, co1our and foam. 
1bs. 

1bs. 
of BOD 5 produced/ton. of fina1 product. 
of disso1ved so1ids produced/ton of fina1 product. 

1bs. of suspended so1ids produced/ton of fina1 product. 
U.S. Ga]. of water consumed/ton of fina1 product. 

Abatement and Comp1iance Branch, Hater Po11ution Contro1 Directorate, E.P.S.,
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2.2 Effluent Standards for the Pulp and Paper Industry 

By an amendment of the Fisheries Act dated November 2, l97l, 

the federal government implemented the first specific body of pollution 

control regulations directed at any particular industry. The short 

title of the amendment reads; “Regulations Respecting Deleterious Sub- 

stances in the Form of Effluent From Pulp and Paper Mills".§/ 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 B5] in-‘ 

dicate the permitted deposits of suspended solids and BOD specified by 

law.,‘ 

A'The stipulated continuous flow toxicity test, outlined in 

Schedule D, requires a.survival rate of not less than 80 percent for 

fish which typically live in the affected watercourse when placed in 

water with a 65 percent effluent content for 96 hours. 

New, altered or expanded mills are required to comply with 

the regulations from November 24,'l97l. Compliance dates for existing 

mills are to be negotiated.with each such mill. In all cases where 

provincial pollution control regulations are different from the federal 

regulations, the more stringent regulations are applicable. 

§/ See "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. l97l 
and May 1972 respectively. . 

1/ 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 
‘ 

V‘ 5 5 5 

2. Debarking 
‘ 

I

. 

Hydraulic Process 5 ' 5 
V 

5 5 

3. Debarking 4 wet
I 

_ 
Drum Process l0 8 l0 8 

4. Pulping 
A_ 

I ‘5 13 1o 

5. Bleaching __ 4» .2 
6. Pulp Sheet Formation '_ ,l 5 

7. Integrated, Single 
V 

' V- 
_ 

Product Paper Making 3 . 2 5 4 

8. Integrated, Specialty,
' 

Single-product Paper ’ 

Making 
_ 

6' ' 4 l0 

9; Tissue Paper Making 15 5 10 20 l5 

l0. Fine and Specialty 
Multi-product Paper ‘ 

Making 25 20 25 20 
ll. Cylinder Paper or 

Paperboard Manu-
_ 

facture 5 
l5 

' 

l2 . l5 l2 
l2. 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 l2, 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 

or _P.RODUCT 

Co1umn I 

A 

' 

I 

A 

' 

I 
T~1 ' 

Co1umn II Co1umn III 

Existing New, A1tered 
- 

. 

1’ 
V 

_ 

_ M111 and Expanded 
Type of Process - 

4] . 

_ 

M111 

Su1phite pu1ping'yie1d of 55% or 1ess' 
A 

' ,‘255 170 

Su1ph1'te pu1p1'ng y1'e1d. of more than 55% 
I

I 

' 

and 1ess than 65% 
_ 

170 
I 

115 

Su1ph1'te pu1p1'ng y1'e1d1of_65% or more 
’ 

1150 
1 

I 

75 

$u1phite bleaching (Market pn1p) -T 
I 

"V '35 ’ 

‘ 
‘ 35 

Kraft p1_.I1p1'ng » » 

' 

'_ 
. 

1 
64. 33 

bKr'aft b1each1"ng 
I 

I . 

~ -- 27 27 

Neutra1 Su1phite Semi§Chenice1 pu1ping . 

I 

I 80_ . 60



..]5- 

2.3 Effluent Standards and Resource Allocation 

Economics and water Pollution in the Pulp and'Paper Industry 

Water use in the pulp and paper industry was shown earlier to 

be depletive with respect to the alteration in quality of receiving 

waters, rendering them unsuitable for the requirements of further in- 

dustrial or other usage without treatment.. This is the nature of the 

technological diseconomy or externality in pulp and paper production to 

be examined in this study.
Z 

The optimum pollution level§/ is that at which the marginal 

social benefits of abatement equal its marginal social costs, at 
A 

competitive equilibrium output levels for all industries. Alternatively 

this level may-be defined as that where the marginal costs of abatement, 

- assuming least cost abatement functions, is equal to the marginal 

damages avoided, in waste reduction. 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 ofsolution, suggested in the economic literature 

on this type of externality, are; (i) market solutions, (ii) »effluent 

charges or subsidies, (iii) standards, or (iv) a combination of (ii) 

and (iii). 

§/ For a clear informal discussion of pollution economics see L. E. 
Ruff ‘The Economic Common Sense of Pollution’ Public Interest. 
Spring l970 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 to negotiate, the ex- 

ternality will be internalized or entered as an opportunity cost to 

the party to whom the right was initially assigned. The other party 

will have an incentive to offer a bribe as long as the marginal cost 

of additional waste abatement exceeds the marginal 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 case with zero transactions and bargaining costs, 
6/ ' .attributable to Coase—-, fails to approximate the complex conditions 

under which environmental externalities arise in the real world, or 

for pulp and paper water pollution in particular.‘ 

-The parties damaged by such pollution may be many with very 

little in common. In such cases the costs of organization; and therefore 

of bargaining, may be prohibitive. Thus for environmental pollution the 

more realistic case is that without‘negotiation._ Here a tax on the pol- 

lution.generating activity equal to the difference between the marginal 

social and private damage associated with the optimal level of that 

activity would give the optimum pollution solution.Z/ The word damage 

g! R. H. Coase "The Problem of Social Cost‘ J. of Law and Econ., Oct. 
T960. pp. l-44. Reprinted in W. Breit and H.M. Hochman ed. ‘Readings 
in Microeconomics. Holt, Rinehart and Winston Inc. 2nd Ed. l97l. 

Z! w.J. Baumol '0n_Taxation and the Control of Externalities' American 
‘ 

Econ. Review June l972 pp. 307-322.
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here signifies both the cost to those affected by the pollution and 

the cost to those obligated to prevent the pollution. In the case 

with negotiation such a tax would not give this solution unless ac- 

companied by compensation, equal to the proceeds of the tax, to the 

damaged party.§/ 

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, 

mu1tiple—user natural resource.2/ Economic analysis of the use of 

.such resources has revealed that unrestricted access of large numbers 
- of independent_users leads to the 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.l9/ Attempts at legal delineation 

of rights to resource use have serious practical shortcomings associated 

not only with the ambiguity of such definitions but the cumbersome pro- 

cedures necessary for enforcement.ll/ 

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

2/ Terminology adopted from A.V. Kneese ‘Environmental Pollution: 
Economics and Policy‘. Am. Econ. Rev. May 1971 pp. 153-166. 

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

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

_ market solutions to environmental externalities. ’The taxation approach 

is also ruled out given the insurmountable task of estimating marginal 

net damages at optimum activity levels. In fact, at current activity 

levels, the estimation of damages is extremely difficult especially 

where damage functions are inseparable,lg/H where regional 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.l§/ 

In sum, the technological complexities of water pollution 

externalities and the prohibitive costs of organization make the costs 

of establishing a market for abatement so high relative to the per- 
' ceived benefits of so doing for each user that government intervention 

is.necessary. 

Economic Policy and Environmental Pollution 

. Given the institutional constraints on the operation of mar- 

ikets for environmental externalities, economists have attempted to devise 

policy alternatives to approximate the optimum solution. Among these is 

the system of effluent.charges.. A per unit effluent charge equal to 

"incremental damages will eliminate the externality at the optimum level 

.12! Ibid. pp. 94-96 

134/ Ibid. pp. 89-94
g
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»of abatement.l&/ 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 charges can be levied 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 marginal 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, 

functions are linear, estimation is extremely difficul .l§/ 

A somewhat different suggestion which incorporates the working 

lof the price system but represents a compromise to the tax solution, 

.c 
1E] 

.16_/ 

in view of the difficulties in estimating marginal damages, has been 

termed ‘the environmental pricing and standards approach'.l§/ 

1-! A system of bribes or payments to the pollution generating finn 
_can achieve the same result. These payments will form the effective 
opportunity cost of pollution. However, tremendous administrative 
difficulties are associated with the operation of this system. See 
Kneese and Bower op. cit. ‘

. 

;For a comprehensive treatment of problems in the estimation of 
vdamage functions see Kneese and Bower op. cit. pp. l09-124. 

W. J. Baumol and W. E. Oates ‘The Use of Standards and Prices for 
Protection of the Environment‘ Swedish Jour. of Econ. March l97l 
pp. 42-54.

'

.
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This involves the imputation of a uniform set of prices or user rates by 

a public authority to allow the private use of common property resources 

consistent with arbitrarily preset ienvironmental standards. This approach, 

although it will not necessarily result in overall optimum pollution levels, 

is nonetheless the minimum cost method of realizing any prescribed set 

of standards.lZ/ 

The method which is an institutional datum for this study is 

dthat of effluent standards.. A system of effluent 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 

maximizing behaviour of all waste generating firms. In the case of an 

extensive watercourse with a large assimilative capacity, few waste 

dischargers and where stream standards apply uniformly throughout, effluent 

standards, and not charges; would produce minimum cost resource allocation’ 

l8/ in waste reduction.—-? .Implementation of a system of effluent standards 

’ requires some prior knowledge of damages and waste reduction costs at 

each potential point of discharge in order to choose the standard which 

would minimize them. In the absence of such information, a trial and 

‘error process is necessary such that standards are varied in areas where 

1-! W- J. Baumol and W. E. Oates op. cit. Appendix. See also Kneese and 
Bower op. cit. and L. E. Ruff, op. cit. 

lg! Kneese and Bower op. cit. p.-l37.
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damage and waste reduction Costs associated with actua1 standards have 

been re1at1ve1y low-or high. IHere,.h9wever, the additional cast of 

vp1ant redesign in.respOnse to changing standards wi11 have to be met.
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2. 4 Objectives 

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 pollution abatement equipment required by the 

pulp and paper industry.for compliance with the effluent regulations. 

Essentially the study is concerned with the macroeconomic aspect of 

the pollution abatement problem. In this section the problem of 
" social accounting for water pollutionl2/ is presented as a framework 

A 

with which 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 industry. ‘At some level of 

gross 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.quality deterioration if the standards do not re- 

quire total waste reduction.‘ This level of water resource depletion 

. should be subtracted from gross product, as would capital consumption 

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

Included in gross product at factor cost will be the total 

value of all intermediate inputs used in meeting the effluent standards 

rig] See M. weinrobe ‘Accounting for Pollution: Pollution Abatement and 
the National Product‘. Land Economics, May l973.
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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 

services and value added in the use of otherwise unusable water re- 

sources that are not included in current measures of gross national 

product at market prices and factor cost respectively. Valuation of 

these items.by means of market prices is extremely difficult because 

of the common property nature of the water resource. Markets in water 

resource depletion, recovery or use are implicit rather 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 standards was discussed. The capital component of those 

costs; given the standards described in section 2.2, the abatement 

technology and effluent conditions of the Canadian pulp and paper in- 

dustry in l97l, as described in section 2.l.are 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 effluent treatment plant Hare determined. 

In sum, what constitutes a cost to the pulp and paper industry creates 
' 

benefits 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
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into po11ution abatement to meet prescribed standards must be weighed 

against the sum of direct benefits generated by expenditure on a11 

intermediate inputs used in waste reduction p1us the va1ue added in the 

use of water resources otherwise unusable without treatment. where, 

in response to any change in the effiuent standards, the additiona1 

benefits exceed the additionai costs the standards shouid be further 
A

I 

adjusted in the same direction.
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H 3.. -METHODOLOGY 

I 

3.1 Estimation of Capita1 Expenditure on Abatement 

Engineering cost estimatesggl of the materia1s and 1abour 

requirements for insta11ation of water po11ution abatement systems 

in the pu1p and paper industry were provided within the framework 

-of the following set of assumptions; 

p‘1. A11 pu1p and paper mi11s operating in 1971 wou1d comp1y 

-with the Eff1uent Regu1ations; 

2, water po11ution abatement techno1o9Y. assumed typica1 

of that in operation in the industry in 1971, as sum- 

émarized in 2.1 above, is the same used by a11 mi11s over 

the period of comp1iance; 

"3.”.There‘is*zero net expansion in the number of mi11s, or 

of existing mi11 capacity over the period of comp1iance. 

From a detai1ed survey of the eff1uent.conditions of a11 pu1p~ 
21/ 

'
' 

‘and paper mi11s in 1971——3 summarized as Tab1e 4, the number of such 

mi11s requiring treatment was determined to be 177. Of these 100 had 
- no primary treatment faci1ities; 50 were in need of secondary treatment 

39/ These estimates were provided by a team of consu1ting engineers 
from James F. MacLaren Ltd., engaged for the purposes of this 
study by the water Po11ution Directorate, Environmenta1 Protection 
Service, Environment Canada. ’ 

Coordination of the_consu1ting work, and the use of EPS survey data 
ion_mi11 eff1uent conditions was supervised by Mr. George Mezzetta, 
Program Engineer, Paper, Fibre and A11ied Products Division, water 
Po11ution-Directorate, Environmenta1 Protection Service, Environment 
Canada. ' 

- 

' 

’

'
'
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and 27 wou1d need to insta11 recovery systems. 

The capitai cost estimates for primary and secondary treatment 

--were more susceptibie to generalized costing procedures, and detaiied 

"specification of the required equipment, when reiated to the 1eve1 of 

_ 

miil effluent fiow and output rate. Generaiization of recovery system 

components was more difficuit since they depend on characteristics of 

V-individuai mi11 process, design and Tocation which are highiy variab1e 

among mi1Ts. Nevertheiess gross estimates were determined. 

‘ The materia1s/Tabour breakdowns were provided for the foi- 

Towing major components of primary and secondary treatment systems; 

PRTMARY TREATMENT 

.T. In-P1ant Work 

_'2. Yard Piping 

_3. Screen Buiidings 

4. Ciarifiers 

5. S1udge Dewatering Buiidings 
A6. 'Outfa11s 

7. Pumping Stations 

SECONDARY TREATMENT 

~1. In-Piant Work 

2.‘ Yard Piping
‘ 

3. Pumping Stations 

’4. Five-Day Aerated Lagoons gr_Conventiona1 Biologicai. 
-' Treatment 

5. 0utfa11s
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' 

All costs are given in Toronto dollars in l970-7l. 

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

- 

The closed output determination model of the Statistics 

Canada Input-Output modelsgg/ was used to calculate the effects on 

elements of the national accounts and commodity and industry outputs, 

‘of the capital expenditure estimates given in Appendix B. A formal 

iillustration of the methodology of the model is included as Appendix 
iv 

C of this report. 

The structural parameters of the input-output models have 
‘been calculated from the l966 set of input-output tables which is a 

composite representation of the system of national accounts showing 

individual commodity flows from domestic production and imports to 

specific-industries including households, final demand components and 

exports. 
I

A 

. Any interpretation or use of the results of this model de- 

pend exclusively on the extent to which the structural characteristics 
fpof the Canadian economy are approximated by its assumptions and, in 

particular, that these characteristics have remained relatively stable 

since 1966. The first of the two major assumptions underlying the 

"model is that of the linear homogeneity of industry production functions, 

or alternatively, that industry inputs are proportional to total industry 

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

22/ ‘The Input§Output Structure of the Canadian Economy l96l', 
Statistics Canada. Cat. No. l5-50l. Vol. I. Occasional.



- 28 - 

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 sumari- 
zed in the following logical sequence. Expenditure on commodities used 

in installing pulp and paper water pollution abatement plant is adjusted 

for imports and indirect commodity taxes to obtain the amount spent on 

domestically produced 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 

‘industry output multiplier‘ process. 

The resulting total domestic commodity requirements are used 

to obtain total primary industry inputs by means of the industry tech-A 

nology assumption. The entire adjustment process is assumed to be. 

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

43.3‘ Measurement of Employment 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 assembly or installation of such equipment and that re? 

quired to produce the total domestic output generated by the expendi- 

‘ture on material inputs used in the construction of effluent treatment 

_plant. 

To obtain the indirect employment, total domestic output, 

induced by the capital expenditure estimates, is multiplied by a 

ratio of the total number of jobs to the total value of output. The 

Amethod of calculation of the ratio is somewhat different for manufac- 
C 

turing industry as distinct from agriculture, mining and services:—— 23/ 

The entire operation is performed within the impact-procedure of the 
C140 model. 

The direct employment component was obtained by dividing the 

estimates of expenditures on labour used_in the on-site construction 

‘or installation of abatement equipment, by a weighted average of basic 

union wage rates for major construction trades in 14 selected Canadian 

.cities in l970. Composite weights, indicating the average distribution 

to be 4.30 dollars.——/ 

of employment among the trades in those cities, based on l96l census 

data, were used in calculating the average hourly wage which was found 
24

' 

g§/ 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 l969 was compared with wages and 
salaries and output for l966 to derive the ratio. 

23/ All data for this calculation 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‘ “ 

- 

. 
_

, 

~The representation of a set of solutions of the I-0 model in the 

form of aggregate economic accounts affords an examination of the effect of 
abatement expenditures on the circular 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 

A accounts, required to keep them balanced, in response to the level of 

final demand represented by abatement expenditures.g§/ The effects on 

these accounts of capital expenditure by treatment type and engineering 

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

An examination of the Income and Expenditure account is suf- 

ficient for 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 particular, 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 Table 4.1.2 below, the impact on GDP at factor cost of 

expenditures on treatment type (in Table 4.l.l) by income category, 

is shown. 

see ‘The Input-Output Structure of the Canadian Economy l96l' 
.op.cit. pp. 91-96. Appendix A.l is a guide to interpretation 
of the results.

‘
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ETABLE 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" — 
V 

A 

86,682 52,934 n.a. 

Total 
0. Pl60,267 l03,963 214,000 

n.a. 
I 

not available (see Section 3.l) 

SOURCE: ‘Notes on Pulp and Paper Liquid Waste Treatment Study For 
Canada.‘ James F. Maclaren Ltd. VSept. l972. 

_The columns of Table 4.1.2 show the impact on GDP by treat- 

ment type among income categories. In this distribution, the total 

returns to labour are, for every treatment type, larger than that
A 

of_other income categories. At this level of aggregation, two 

general observations can be made. The first is that of the in- 

creasing labour intensity of the technology of installing pulp 

and paper effluent treatment plant looking from Recovery through 

Secondary to Primary treatment. _Secondly, the effect on the gross 
' 

receipts of labour, by treatment type, after consolidation of all 

backward linkages and inclusion of the effect of consumption spending 

in the 1966 1-0 model, reflects this pattern. »This macro distribu- 

tional result is implied by the linear homogeneity 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. ($'0O0) ’I966*I-0_ModeI.

T 

T”eatme“t P 1 
’ 

I 

' 

S d 
‘ 

R 
' 

* Totai Income ._ Type 
Y‘ mary, 

I 

econ ary ecovery
‘ 

Categories '
' 

, 
wages,_Sa1aries, SuppIementary 

, 

= 175,443 
: 

.113,s21 178,146 467,109 
Labour Income 

. _ 

(70.0) 
_ 

(68.7) (61.8) (66.4) 

Net Income of Unincorporated - 20,223 14,271 25,592 
I 

. 

_ 

60,086 
_ 

Business . 

' 

(8.1) (8.6) (8.9) 
' 

(8.5) 

'surp1us 
’ 

’ 

R 

55,006 . 37,433 84,293 176,732 
1 - (22.7) (29.3) (25.1) 

Gross Domestic Product at 250.572 
I 

155,225 388,030 
I 

703,927_' 
Factor Cost ‘ (100 0) (100.0) (10o.0)_ (100.0) 

Notezv Percentages (in parentheses) may not add due to rounding., 

'- 

as

-
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/ 

M.A summary analysis of the effect on gross domestic product 

Vat factor cost of fixed outlays on mill effluent waste disposal by 

treatment type is shown in Table 4.l.3. 

- TABLE 4.1.3. DISTRIBUTION OF CAPITAL EXPENDITURE, GDP IMPACT, AND 
RATIO OF GDP IMPACT T0 CAPITAL EXPENDITURE BY TREATMENT 
TYPE. 1966 I-0 Model 

Primary Secondary AvRecovery Total 

Capital Expenditure 33.5 21.7 
A 

I 

44.8 100 
on Treatment (%) - 

Impact on GDP at 35.6 23.5‘ 40.9‘ l00 
’ Factor_Cost (%) 

' 

' ‘ 

GDP at Factor Cost Per ($) l.56 1.59 1.35 1.50‘ 
of Capital Expenditure 

A

v 

I 

Mean Capital Expenditure 1602.7 2079.3 7925.9 
4 

n.a. 
Per Mill Requiring 
Treatment ($i000) _e 

Expenditure on the installation of Recovery plant is largest at 44.9 

percent of the total, yet the returns in terms of gross domestic pro; . 

duct per dollar of such expenditure is lowest at l.35 dollars; In 

contrast, the expenditure on construction of secondary 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 

dollars. The gross domestic product per dollar of total capital ex- 

- penditure is l.50 dollars.
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Although only 27 mills required recovery treatment facili- 

ties, as compared with lOO 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 secondary treatment while the GDP per 

dollar of such expenditure is lowest in recovery. The implication 

here is that both from the viewpoint of larger gross benefit to the 

overall economy per dollar 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 incorporation of recovery 

-systems in initial mill design, is desirable. This judgement is 

based on the argument that newer mills can be.more easily adapted for 

Iinternal.reuse of effluent and hence recovery installation costs are
A 

less; Moreover primary and secondary treatment costs are not inde- 

. pendent of recovery costs since reuse of organic and inorganic loads 

in process 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 industrial 

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 structural, architectural, mechanical 

and electrical trades. This distribution is shown in Table 4.2.1;
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TABLE 4.2.1 ESTIMATED CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY 
. TREATMENT BY CONSTRUCTION-ENGINEERING CATEGORY ($'0O0). 

Construction- — 

' Engineering Structural Architectural Mechanical Electrica 
Expenditure Cate90V¥. ' 

Category 

Materials . 19,250 
I 

5,323 88,406 l0,637 

Labour 1 

I 

. 

- 23,399 3,161 31,799 31,256 

Total .. « 

' 42,649 9,484 ‘ l70,205 41,893 

Source: Calculated from data in'"Notes on Pulp and Paper Liquid waste Treatment 
‘ Study for Canada”. James F. Maclaren Ltd. Ottawa. Sept. l972. 

Capital expenditure on primary and secondary treatment is largest 

_ 
in the mechanical trades in total as well as in materials or labour. Such 

expenditure is smallest in the architectural trade« The share of this 

expenditure on labour is relatively larger than that on materials in the 
‘V 

electrical and structural trades but smaller in the architectural and 

mechanical trades._ The impact of these expenditures on gross domestic 

product at factor cost is.shown in Table 4.2.2. 

Some analysis of the data contained in Tables 4.2.l and 4.2.2 

‘is shown in Table 4.2.3. The order of distribution of capital expendi- 

tures and GDP impact are similar among construction-engineering cate- 

_ 
gories. Expenditure in the mechanical trades is $l70,205,000 or 

‘64.4 per cent of total primary and secondary treatment_expenditures, 

while the smallest share of such expenditures is in the architectural 

trades with 3.6 per cent. V0n the other hand the number of dollars



TABLE 4.2.2 "IMPACT ON GDP AT FACTOR COST OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT 
BY CONSTRUCTION-ENGINEERING CATEGORY IN ($’OOO) and (%). 1966 1-0 MODEL. 

Construction 

(100.0)~ 

_ 
_ 

. Tota1 Primary 
ngineering. Structura1 Architectura1 .Mechanica1 .‘ E1ectrica1 and Secondary 

Income Category 
Category ‘- 

wages, Sa1aries,(. 48,518 9,303 177,196 53,947 288,964 
Supp1ementary Labour (69.2) (65.5) . .(68.6) (73.7) (69.5) 
Income - 

_

A 

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) 

Surp1us 16,021 3,751 
' 

59,088 13,579 92,439 
- (22.9) (26.4) (22.9) (18.5) (22.2) 

~ Gross_Domestic Product at 70,055 14,196 258,409 73,237 415,897 
Factor Cost‘ 6 (100.0) (100.0) (100.0) (100.0) 

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

-98..



TABLE 4.2;3. PERCENTAGE DIGTRIBUTIONS OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT AND 
GDP IMPACT, AND THE RATIO GDP/CAPITAL EXPENDITURE, BY CONSTRUCTION—ENGINEERING CATEGORY. ~~~ ~ ~~ 

Construction- 
_ 

- 

. 
b 

. 
V Tota1 Primary. 

ngineering Structura1 Architectural Mechanical E1ectrica1 & Secondary. 
' Category ’ 

. 

’

. 

Capita1 Expenditure on 1'. 16.1 3.6 . 64.4. ’ 15.9 100 
Treatment (%) 

' 

I 

t 
-

2 

Impact on eopat Factor ' 
' 

I 

16.8: 3.4 62--1 - 17.6 "100 

Cost (%). » _ 
.' . 

GDP at Factor Cost Per ($) 1.64‘ 1.50 1.52 1.75 1.57 
of Capita1 Expendituret ‘ 

' -'
5 

‘Source: _Ca1cu1ated from data in Tab1es 4.2.1 and 4.2.2. 

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

-18-
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of GDP at factor cost generated per dollar of capital expenditure 

shows a somewhat different pattern; The ratio is largest for elec- 
.. 

trical at l.75 dollars, followed by structural at l.64 dollars, 

while it is smallest for architectural at l.50 dollars. iThe largest 

expenditure and overall GDP impact category, mechanical, has a ratio 

of l.52 dollars which is below the total primary and secondary ratio 

of 1.57 dollars; 

~ Gross returns to labour are, in general, a large share of
' 

the GDP generated by expenditure in all constructioneengineering 
A 

categories. Indeed, the share of these returns for all primary and

~ _ 

secondary treatment accruing to labour is 69.5 percent, and ranges, 
» from 73,7 percent in electrical to 65.5 percent in architectural. 

Since the GDP impact is an aggregate value sum, the relatively 

: higher wages in the electrical trades in construction may account 

partially for this large labour share.g§/ 

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

The set of solutions of the l966 I-0 Model, to be presented 
V in this section, represent the abatement expenditure effects at two 

‘lesser-degrees of aggregation of the national economy. The first is 

_thé sectoral aggregation, that is, the disaggregation_of the impact 

29/ See Construction Price Statistics op.cit.
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A 

among six major sectors of the economy. These are; the agriculture, 

*.forestry and fishing, mining, manufacturing, construction, services 
' and household sectors. The second is the Household—Industry aggre—’ 

. 

gation. Here the economy 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.l, the values of GDP at factor 

__cost, generated by industrial sector and treatment type, are given. 

Data from the fourth column of Table 4.3.1 indicate that if 
* the GDP values generated by total capital expenditures on effluent 

treatment are summed for households, mining and agriculture, and 
T forestry_and fishing, they account 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 construction sector is the 

sector of initial impact therefore total expenditures on labour used 
.in the onsite building of abatement plantsis included in the GDP 

generated in this sector. From the distribution of the final de- 

mand expenditures, shown in Appendix E.3, it can be seen that-quite 

. a large share is spent on the products of manufacturing industries. 
‘The inference suggested is that the largest linkage effects,
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TYPE IN ($'000) and (%).= 1966 I-0 MODEL. 
_ 
TABLE 4.3.1 SECTORAL IMPACT ON GDP OF CAPITAL EXPENDITURE BY TREATMENT 

» Treatment Type Primary 8econdary Recovery Tota1 
Industrial 

' ‘ '
‘ 

Sector 

Agr1cu1£ure,-Forestry and 8,808 5,819 10,590 225,217 
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) 

construcfiion 
' 

90,125 55,320 62,653 208,098 
- 

1 

. (35.9) (33.5) (21.8) (29.6) 

‘other-(services) 88,624 65,114 114,032 267,770 
2 

(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)i (100.0) (100.0) (100.0) 

Note: Percentages (in parentheses) may not sum to 100 due to round1ng.
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operating through required intermediate inputs and the consumption 

spending effect, obtain in the Services sector. 

AThe order of distribution of GDP impact among sectors is 

similar by treatment type as for total treatment expenditures with 

' 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 facilities, 

discussed in section 4.1, emerges here in the form of both the absolu- 

tely and relatively largest GDP impact on the construction sector of 

$90.1'million or 35.9 percent of the GDP impact of primary treatment 

'_expenditures. 

'y,:The GDP impact of fixed abatement expenditure on the indus- 

»trial aggregation is presented, in detailed form in Appendix B,2, 

.Analysis of these results will be confined to those industries within 

which the larger share of GDP impact is concentrated. A summary of 

the results of this greater disaggregation is given in Tables 4.3.2 

"and 4.3.3. The construction industry is not.further disaggregated 

and, therefore, the relative contribution of that industry to GDP 

remains as before. The large services impact can now be more closely
A 

examined.. The impact on trade is the second largest among_all treat- 

lment types and in total. Other services rank next. This group contains 

education and related services, hospitals, health services, motion 

picture theatres, other recreational services, professional services



TABLE 4.3.2 SHARE OF INDUSTRIAL IMPACT ON GDP OF CAPITAL EXPENDITURE BY TREATMENT TYPE (%),l966 I-0 MODEL 

' Primary Recovery (%)' Secondary (Z) (%) 

Construction 35.9 Construction 33.5 Construction 2l.8 

Trade 10.7 Trade 11.4"‘ Trade 
' 

ll .7
' 

Other Services 6.9 Other Services. 8.8 Other Services 8.5 

Finance, Insurance and 
' 

5.9 Finance, Insurance and 6.6 Finance, Insurance and 6.2 
Real Estate Real Estate Real Estate 

Transportation and Storage 
I 

4.3 Transportation and Storage 4.6 Metal Fabricating 5.9 

Owner-Occupied Dwellings 3.7 Owner-Occupied Dwellings 3.6 Transportation and Storage 5.6 

Metal Fabricating 3.2 Agriculture —3.2 Non-Metallic Mineral Products 5.0 

Agriculture 3.l Electrical Products 2.2 .Iron and Steel 
I 

4.2 

Iron and Steel 3.0 Utilities 2.2 "Owner-Dccupied Dwellings. 3.4 

All Other Industries 23.3 "All-Other Industries 23.9 All Other Industries 27.7 

TOTAL l00.0 TOTAL l00.0 TOTAL l00.0 

_znb_
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_TABLE 4.3.3 INDUSTRIAL DISTRIBUTION OF GDP IMPACT OF TOTAL CAPITAL 
EXPENDITURE ON TREATMENT. I966 I-0 MODEL 

, 
Percent of 

Industry 
' 

-. Gross Domestic Product 

' 

Construction 29.6 

Trade - 

_ 
. 11.3 

Other Services 
I 

A 

“' 
. 8.0 

V 

Ftnance, Insurance and Real Estate ' 6.2 

Transnortation and Storage 4.9 

‘IMeta1 Fabricating 
: 

— 3.9 

0wner—Dccupjed DweT11ngs '3.6 

Ndn¥Meta1Tic_Minera1 Products 3.3 

Iron and Steel 
H 

. 

I 

3.2 

A11 othé} Industrtes 25.0 

TOTAL 
I 

, 

A 

100.0
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to business, advertising services, Taundries and c1eaners, hote1s 

and restaurants, other persona1 services, photography, misce11aneous; 

repair and maintenance and-misce11aneous services to business and 

persons. Transportation and storage, and finance, insurance and 

rea1 estate account for 11.1 percent of the total treatment impact 

son gross domestic product. Apart from the impact on owner occupied 

bui1dings, that on the major intermediate input-supp1ying industries; 

iron and stee1, meta1 fabricating and non meta11ic minera1 products 

is 1b.4percent of the tota1 treatment effect. 

4.4 Sectora1 and Industria1 Impact on GDP at_Factor_Cost of Capita1 
Expenditure on Primary and Secondary Treatent by Construction- 
Engineering_Category 

The re1ative contribution by sector and industry to GDP 

at factor cost of fixed 1iquid waste treatment out1ays, in the pu1p 

and paper industry, on the construction-engineering categories wi11 
‘now be examined. A summary of these resu1ts is contained in Tab1es 

4.4.1 and 4.4.2. 

The sectora1 distribution of GDP generated in each construcg 

tion-engineering trade is simi1ar to that in tota1 primary and secondary 

vtreatment in that over 90 percent is confined to three sectors; services 

(37-0%), construction (35-0%) and manufacturing (21-5%)-’ Two exceptions 

to this ranking_of the re1ative impact of these three sectors may be 

noted. In the e1ectrica1 trades, the share of GDP generated in the 5€CtOP 

of initia1 impact, construction (43.9%) is much Targer than that in



TABLE 4.4.1 SECTORAL IMPACT ON GDP OF CAPITAL EXPENDITURE ON PRIMARY AND SECONDARY TREATMENT B 
.CONSTRUCTION—ENGINEERING ($'000) 1966 I-0 MODEL

Y 

_ 
(100.0) 

‘Construction- 
A 

. 
Tota1 Primary 

Industriai Engineering 'Structura1 _ Architectura1 Mechanica1 E1ectrica1 and Secondary 
Sector‘ Category 

_ 

~
‘ 

Agricu1ture, Forestry and Fishing 2,718" 464 8,960 .2,483 14,625 
i (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) ' 

-h 
' U’! 

Construction 24,378 3,369 85,512 32,185 145,444 ~' 

_ (34.8) (23.7) ((33.1) (43.9) (35.0) 

Other (Services) 
3 

24,115 5,023 101,230) 23,370 153,738 
(34.4) (35.4) (39.2) (31.9) (37.0)_ 

Househo1ds 1,277 250 4,717 1,390 7,634 
(1.8) (1.8) (1.8) (1.9) (1.8) 

Tota1 70,055- 14,195 258,407 
6 

73,233 415,890 
(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 1-0 MODEL - 

Structura1 is (%) Architectura1 
I 

(%)I Mechanica1 (%) ,1 E1ectrica1 (%) 

Construction 34.8 Construction 23.7 bconstruction 33.11 “Construction 43.9
I 

Trade 
_ 

10.5 Non-Meta11ic Minera1' 13.2 Trade 11.5 Trade 9.6 
Products I 

’ 

. 

’ 

~ — 

Other Services 6.2 Trade 10.9 Other Services 8.6 Other Services 6.1 

Non-Meta11ic Minera1 5.7 Meta1 Fabricating 7.4‘ .Finance, Insurance 6.5 1 Finance. Insurance 5.6 Products A and Rea1 Estate 
' 

and Rea1 Estate 

Finance, Insurance 5.7 Other Services 6.4 Transportation and 4.6 E1ectrica1 Products 5.2 and Rea1 Estate Storage - 

Transportation and 4.6 Finance, Insurance 5.6‘ Iron and Stee1, 3.6 Owner-Occupied 3.8 Storage and Rea1 Estate Dwe11ings 

Meta1 Fabricating 3.8 ‘Transportation and 5.0 Ownereoccupied . 3.6 Transportation and 3.3 
. 

' ' Storage Dwe11ings ' 

- -Storage ‘ 

Owner-Occupied 3.6 ’Owner-Occupied 3.5 Agricu1ture 3.2 Agricu1ture_‘ » ‘3.1 
Dwe11ings Dwe11ings 

. 

.— 

vA11 Other Industries 25.1 .A11 Other Industries 
, 
24.3 A11 Other Industries 25.3 A11 Other Industries 19.4

A 

TOTAL 100.0 100.0 TOTAL 100.0 TOTAL 100.0‘

' 

97

f
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the services or manufacturing sectors. Among construction-engineering 

trades, this can probably be attributed to the higher wages of electri- 

ciansgzj and the 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.g§/ .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_v 
total GDP impact in construction is lowest (93.8%). Note also that 

_-in the architectural trades the GDP share in the manufacturing sector 
(34.3%)'1s the largest among construction-engineering trades. 

- This large GDP share in manufacturing in the use of architec- 

tural trades in the installation of primary and secondary treatment plant, 

_can be examined in greater detail in the households-industry aggregation. 

Non metallic mineral products (supplying mainly concrete products) and 

metal fabricating industries account for 20.6 percent of the GDP effect 
in the architectural category. In the electrical trades, electrical‘ 

products. as intermediate inputs, contribute 5.2 percent 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 disaggre- 
‘gated, has the greatest GDP impact among all construction-engineering 

22/ See ‘Construction-Price Statistics‘ op. cit. 
g§/ This ratio is 95.7% in mechanical, 96.0% in structural and 93.8% in architectural.
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categories largely as_a result of being the industry of initial impact 

and because of the large ratio of labour expenditure to total GDP 

generated. As pointed out in footnote 28, this ratio 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 

Analysis of the effects on total domestic output of expendi- 

tures by the pulp and paper industry to install water pollution abatement 

equipment revealed_approximately similar conclusions to those for gross 

domestic product. Over 95% of all productive activity generated is con- 
' centrated in the households, services, manufacturing and construction 

sectors; This is shown in Table 4.5.1 and is true for treatment types 

as well as construction-engineering categories of primary and secondary 

treatment. Some support for the conclusion discussed in section 4.3, 

with respect to the large consumption spending impact on-services, is 

obtained by comparing the total output of households and services with 

their GDP impact (Tables 4.3.l, 4}4.l and 4.5.l), In contrast with 

services and construction the share of GDP in manufacturing is always‘ 

lower than-its share in total output (except in the recovery and struc- 

tural-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 ENGINEERINGeCONSTRUCTION CATEGORY 
($7000) AND (%) 1966 I-0 MODEL 

Expenditure A 

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 

P. 
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)_ (26.9) (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) 

i 
(100) (100) (100) (100) (100) (100) (100) 

Note: Totals may not add due to rounding. 

.—6v-
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5. EMPLOYMENT EFFECTS 

5.] Employment Effects by Treatment 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- 

presents the employment of labour in the onsite construction of 

effluent treatment facilities. The indirect employment is that used 
in the production of all 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 employment effects by treatment 

type, the direct/indirect categorization does not hold for recovery 
since, as pointed out in 3.l 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 effects by treatment type shown in Tables 5.1.1 and 

5.1.2 respectively, the employment impact on the construction indus- 

try (or sector) includes the_amount of the direct employment which 
is shown separately in Table 5.1.3, 

The total employment effect is concentrated in three 

sectors namely; services, manufacturing 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 Tota1 
Sector — ~ 

‘ Treatment 
I 

Agricu1ture, Forestry and 317.1 198.3 
I 

445.1 - 960.4 -Fishing (1.3) (1.3) (1.7) (1.5) 

124.1 
‘ 

87.5 553.7 775.2 
(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_ 
I 

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) 

Tota1 23,875.4 15,724.7 26,052.31 65,652.4 
(100) (100) (100) (100) 

Note: Tota1s may not add due to rounding.



TABLE 5.1.2 DISTRIBUTION OF EMPLOYMENT IMPACT OF FIXED OUTLAY 0N PULP AND PAP 
INDUSTRY AND TREATMENT TYPE 1966 I-0 MODEL 

ER EFFLUENT TREATMENT BY 

2 

on Total Treatment (%) 

100.0 

Primary Secondary (%) V Recovehy (%) 

Construction 42.l 
' 

Construction 339.2 Construction 25.5 ‘Construction 34.8 

Trade l4.5 Trade l5.4 Trade l6.4 Trade 'l5.5 

‘Other Services 8.7 
3 

Other Services l0.8 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 Estate 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 v 

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 l.9 Non—Metallic Mineral 4.4 Non-Metallic Mineral 2.8 
' Products Products 

« Non—Metallic Mineral 2.2 Communication l.8 Iron and Steel 3.5 Iron and Steel 2.6 Products 

All Other Industries l8.9 All Other Industries l9.8 All Other Industries 23.9 All Other Industries 2l.5 

TOTAL TOTAL lO0.0 TOTAL lO0.0 TOTAL l00.0_ 

-2-S.-
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treatment as a consequence of the labour intensive nature of installing 

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,l% 

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. 
I 

In the large employment impact on services,gg/ that on trade 

(over l4%) 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- 

vices impact, The employment impact of the manufacturing sector is 

generated mainly in the metal fabricating, iron and steel, non—metallic 
' mineral products (largely concrete and concrete products), electrical 

products and'machinery industries. These latter industries accounted 

for the bulk of the physical equipment inputs to the construction of 

treatment facilities. The total direct labour input in such construction" 

is summarized by treatment type in Table 5.l.3. 

TABLE 5.l,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 (59l8.4 n.a. l56l0.0 
% 62.1 V 37.9 n.a. 100.0 

22/ The service industries are-Trade, Other Services, Finance, Insurance ‘ 

and Real Estate, Transportation and Storage, and Communications.‘
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.5.2 Employment Effects of Capital Expenditure on Primary and
I 

;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, primary 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 linkage 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 example, 

‘metal, concrete (non—metallic mineral) and wood products industries 

in the structural category, or electrical products industries in the 

electricaljcategory. 

Table 5.2.l shows the concentration of total employment in 

sectors for all categories.’ A comparison of Tables 4.2.1 and 5.2.l 

Vindicates a similar order of distribution of labour intensity with 
Vthe 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 Structura1 Architectura1 Mechanica1 E1ectrica1 
Category — 

- 
- 

' ‘ 

Sector 

Agricu1ture, Forestry and 119.7 15.7 299.0 ' 81.0 
Fishing (1.8) (1.2) (1.2) (1.1) 

Mining 45.2 -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) 

Tota1 6,610.6 
' 

1,331.1 24,493.4 _ 7,165.0 
. (100.0) (100.0) (100.0) (100.0) 

Note: Tota1semay not add due to rounding. 

_-99..



TABLE 5.2.2 DISTRIBUTION OF TOTAL EMPLOYMENT IMPACT OF FIXED OUTLAY ON PRIMARY AND SECONDARY TREATMENT BY 
INDUSTRY AND CONSTRUCTION-ENGINEERING CATEGORY I966 I-0 MODEL 

Structural‘ (%) Architectural (%) Mechanical (%) Electrical (%) 

Construction 4l.2 Construction 28.2 Construction » 39.0 Construction 50.2 

Trade l4.4 Trade l4.8 Trade l5.5 Trade l2.9 

Other Services 8.0 Non-Metallic l2.l Other Services lO.5 Other Services 7.6 
‘ 

Mineral Products . 

‘

. 

Transportation 4.l ‘Metal Fabricating 
I 

8.6 Finance, Insurance 4.5 Electrical Pro— 5.2 
and Storage and Real Estate ducts 

Finance, Insurance 4.l ‘Other Services 8.3 Transportation and 4.l Finance, Insurance 3.9 
and Real Estate Storage and Real Estate 

‘Non-Metallic 4.0 Transportation and 4.5 Iron and Steel 2.8 Transportation and 2.9 
Mineral Products Storage Storage 

Metal Fabricating 3.8 Finance, Insurance 4.l Metal Fabricating 2.6 Clothing Manu- l.6 
. and Real Estate facturers - 

wood Industries l.9 Communication. 1.7 Communication l.8 
_ 

Other Food & Soft l.5 
~ 

' Drink Industries 

All Other Industries l8.5 All Other Industries l7.7 All Other Indust- l9.2 All Other Indust-I l4.2 
ries ‘ries 

' 

TOTAL l00.0 TOTAL l00.0 TOTAL l00.0 TOTAL l00.0 

-99-
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among industries does satisfy the above stated intuitive notions 

fconcerning the expected linkage pattern resulting from fixed outlays 

in each construction—engineering activity. It can also be concluded 

that the largest magnitude of secondary and other higher order linkage 

effects, including the consumer spending effect, on employment, occur 

in the services sector. This, as before, obtains predominantly in 

the trade, other services, transportation and storage, and finance, 

insurance and real estate industries. 

Z 

Other expected employment impacts, by industry, can be ob» 

served from Table 5.2.2. Among these are the impact on non-metallic 

mineral products, metal fabricating and wood industries in the struc- 

tural trades; on non-metallic mineral products and metal fabricating 

in the architectural trades; on iron and steel, and metal fabricating 

in the mechanical trades; and on electrical products in the electrical 

trades. To complete the examination of the employment effects in this 

industry in which the final activity bccurs, 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 2,6l6.2 353.5 9,145.7 
I 

3,494.6 

% l6.7 2.3 458.6 22.4"
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6. ANALYSIS OF BENEFITS FROM THE USUAL FIXED OUTLAYS AS 
ALTERNATIVES T0 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 

adopted by that industry. In particular the average distribution of 

»such expenditure by the pulp and paper industry over the period l963- 

l970 was 25% on construction and 75% on machinery and equipment.§9/ 
' 

The detailed industrial distribution of these expenditures is shown 

in the Final Demand Column of Appendix 3.4. 

Comparison of the output and employment impacts of these 

two alternative forms of capital expenditure is now feasible. In 

Table 6.1 it can be observed that while the distribution of the impact 
on gross domestic product among labour, unincorporated business and 

surplus is similar 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 given 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 

§9/ This distribution was exactly the same in l966, 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 ($'0OO) T966 
I-0 MODEL 

‘Income Category Impact of Fixed Impact of Usua1 
Treatment Expenditure Fixed Expenditure 

wages", Sa1aries and 
I 

7 
467,109 . 336,528 

Supplementary Labour 
, 

(66.4) (67.1) 
Income ' 

‘Net Income of Unincorporated 60,086 41,673 
Business 

_ 

‘ (8.5) (8.3) 

Surp1us 
, 

176,732 
' 

122,999 
_ . 

- (25.1) ' (24.5) 

(,Tota1 ' 

' 

' 

703,927 501,200 
» (100.0) (100.0) 

Note: See Appendix A.1 for definitions of the Income Categories.



-60.. 

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. ($'00D) 

Fixed Eff1uent Treatment Usual Capital 
Expenditures ' Expenditures 

A Direct Imports 17,881 140,910 
. 

» (3.7) (29.5) 

Indirect Commodity '5,002 25,538 
Taxes (1.3) (5.3) 

Domestic Fina1 Demand »v — 

Vwages'and Saiaries 139,616(29.2) 119,579(25.0) 
,0ther fina1 Demand 

' 

,3T4,819(65.8) 192,291(40.2) 

454,435 311,870 
(95.0) 

_ 

(55.2), 

Total 478,318 478,318 
(100.0) (100.0)
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imports amounting to 29.5 percent of such expenditures; while the’ 

share of direct imports in the pollution abatement expenditure case 

is 3.7 percent. The effect of the much larger import leakage, and of
I 

greater indirect commodity taxes, is to make domestic final demand 
‘95 percent of total fixed treatment expenditures and 65.2 percent 

' of usual capital expenditure and hence the much lower impact on GDP 
“ 

of the latter; On examination of the distribution of direct imports 

the usual fixed expenditure case (Appendix B.4), it is found that 

direct imports of industrial machinery represent 88.7 percent of total 
I 

direct_imports while expenditure on such machinery was 46.9 percent of 
Vtotal 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;‘-
4 

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 
N 

usuai Fixed’ 
‘Treatment Expenditure Expenditure 

1 GDP Impact 
' 

’ 

. 

($5 
— ‘.-_ 1.47 

' 
A 

'5 1.05 
Total Fixed Expenditure ‘ 

GDP_Impact ., 
' 

(5) 1.55 
i 

1.51 
Domestic Final Demand
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In the case where all capital equipment needs were satisfied 

domestically the value added per dollar of expenditure on such equip- 

iiment in water pollution abatement, would be less than that in the 

4 

usual fixed outlay pattern of the pulp and paper industry by six_ 

cents. This difference is very little when compared with the much 

greater per dollar impact on GDP of total capital expenditure on
i 

effluent treatment. 

The industrial distribution of the GDP impact of both ex- 

penditure alternative is presented in Table 6.4. The greater amount. 
“of onsite production of equipment needs in the effluent treatment 

case results in large impacts on non-metallic mineral products and 

iron and steel industries whereas the impact on machinery, i.e;, 

equipment produced offsite, is large in the usual capital expenditure 

case. Apart from this; the impacts are largely similar by industry. 

The employment impact for both cases, is shown in Table 6.5. 

Total employment impact is greater in the effluent treatment case'forv 

the same reasons given above for the larger impact on GDP. Again; 

the industrial distribution of the employment impact is similar except 

for that on machinery in the usual case as compared with the employnent 
‘V in iron 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-O MODEL 

GDP Impact of Usua1 Pattern of Fixed Expenditure 

Tota1 

GDP Impact of Fixed Treatment Expenditure % % 

Construction 
b 

29.6 ' Construction .25.3 

Trade 
I 

‘ 
' 

_ _ 

113 Trade 14.4 

Other Services 5 
’ 

' 8.0 Other Services 6.4 

‘Finance, Insurance and Rea1 Estate ' 

6.2 FFinance, Insurance and Rea1 Estate 5.9 

Transportation and Storage 
A 

4.9 Machinery 5.8 

Meta1 Fabricating 
I 

I 

3.9 Transportation and Storage 4.6 

Owner-Occupied Dwe11ings 3.6 Meta1 Fabricating 3.8 

Non-Meta11ic Minera1 Products 3.3 0wner—0ccupied Dwe11ings 3.4 

Iron and Stee1 - 

’ 

' 

3.2 Communication 3.4 

A11 Other Industries 
’ 26.0 - A11 Other Industries 27.0 

Tota1 
_ 

100.0 100.0 

-89..



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 I-O MODEL 

Employment Impact of Fixed Treatment 
Expenditure 4

% Emp1oyment Impact of Usua1 Fixed 
Expenditure

V 

7? 

(Man-Years) 

Cconstruction 
. 

134.8 Construction '20. 

Trade 15.5 ‘Trade 13. 

Other Services 9.8 Other Services 8. 

Finance. Insurance and Rea1 Estate. 4.5 Machinery 5. 

Transportation-and Storage’ 4.5 Transportation and Storage 4. 

Meta1 Fabricating 4.0 Meta1 Fabricating 4. 

Non-Meta11ic Minera1 Products 2.8 Finance, Insurance and Rea1 Estate: 
A 

4. 

Iron and steel 42,5 E1ectrica1 Products‘ 2. 

A11 Other Industries 21.5 -A11 Other Industries 22. 

Tota1 100.0 Tota1 100. 

Tota1 Emp1oyment Tota1 Emp1oyment 
(Man-Years) 65,652.4 47.344- 

_V9_
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_ 7. CONCLUSIONS 

The pulp and paper industry, not only has the largest 

industrial water intake but consumes the smallest proportion of 

this intake. This industry, in both absolute and relative terms, 

is the most significant user of water as a medium for industrial 

waste disposal and, potentially, has the capability for inflicting 

considerable damage on subsequent users of this resource. The 

Government of banada has taken cognisance of this capability and 

instituted the first industry—specific set of effluent regulations, 

restricting the effluent loads of pulp and paper mills to certain 

minimum standards. It is hoped that full compliance will be realised 
' by 1980. 

The casual observer is immediately, and perhaps intuitively, 

confronted with the question concerning the order of magnitude of 

costs to be borne by the industry in avoiding this deterioration of 

water quality. lBut 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 inputs. For the economy asba whole there is some sum 

of benefits which represents the order of positive correction which 

is to be applied to current estimates of water pollution abatement 

costs.
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If a11 mi11s existing in 1970 comp1y with the regu1ations 

by using conventiona1 water po11ution abatement systems and assuming 
31/ that the input-output structure——- of the Canadian economy has re- 

‘mained re1ative1y stab1e since 1966, capita1 expenditure requirements 

of the industry, expected to be $478 mi11ion, wi11 generate gross 

domestic product at factor cost va1ued at $704 mi11ion. Of this tota1, 

the construction industry wi11 account for 30 percent fo11owed by trade, 

_other services, finance, insurance, rea1 estate, transportation and 

storage which wi11 together contribute 30 percent. The share of gross 

_ domestic product to be joint1y contributed by iron, stee1, non-meta11ic 

minera1 products and meta1 fabricating industries is 10.4 percent. 

In order to sustain this 1eve1 of gross domestic product 

50,042 man-years, in those industries providing materia1 inputs for 

constructing fixed abatement p1ant and, in addition, 15,610 man—years 
’ of emp1oyment in the onsite construction of such p1ant, wi11 be created. 

The ranking of industries by emp1oyment impact is simi1ar to that for 
‘the impact on gross domestic product. The emp1oyment impact of the 

construction industry consists of the 15,610 man-years referred to 

above, p1us 7,265 man—years in producing materia1 inputs for its own 

use.6 Trade, other_services,_transportation, storage, finance, insu- 

rance and rea1 estate wi11 joint1y provide 22,519 man—years whi1e meta1 

§l/ This assumes that the structura1 estimates of the 1966 Statistics 
Canada Input-Output mode1 represent the actua1 structure (see 
Ch. 3) of the economy over the period of comp1iance.
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fabricating, iron, steel and non-metallic products industries will 

require 6,l7l man-years. 

For the economy as a whole, the gross value added and em- 

ployment benefits resulting from estimated capital expenditures on 

pulp and paper water pollution abatement exceed those generated by 

the same total expenditure if spent in the pattern normally adopted ' 

by the pulp and paper industry. This conclusion is only valid where 

there is no corresponding policy to reduce import leakages particu- 

larly in the form of imports of industrial machinery used by pulp 

»-and paper mills. If these leakages did not exist the value added 

yand employment 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 considered in this study.§g/ 

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.l Guide to the Summary Economic Accounts: 

‘l. - 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. .

‘ 

2. Summary accounts of the results relating to: 

(i) 
T 

Income and Expenditure (Domestic) 
(ii) Government Revenue 
(iii) The Business Sector, and 
(iv) The Household Sector, are shown. 

3, Income and Expenditure Account 

Consumer expenditure on 
goods and services (iv). 

Consumer expenditure (i) 

_ 
Final Demand (i) . 

9 Total final demand* (B.3) 

Imports less duties (i), Total imports (B.3) fllmport 
duties (ii) 

Government Revenue from 
Production (i) 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 (i), Surplus (B.2) + Surplus (B.3) 
Taxes less subsidies (i) comodity taxes (ii) + non commodity taxes 

(ii) + import duties (ii) - subsidies (ii). 

* Note that B.2 and B.3 are appendices.



' 

4. 

5. 

6. 

Household Account 

—,72 

Consumers expenditure on goods 
and services (iv) 

Personai income taxes (iv) 

consumers expenditure (i) 

Personai income taxes (ii) 

Other transfers to government (iv) = Other transfers from house- 

wages and saiaries (iv) and 
s.L.I_. (iv) 

business (iv) 

Government‘Revenue 

‘Commodity taxes (ii) + non 

- commodity taxes (ii) 

' Net income of unincorporated 

Government goods and Services 

Persona] income taxes 
subsidies (ii) 

ho1ds (ii) 

wages & Saiaries, S.L.I..(i) 

Net income of unincorporated 
business (1) 

Indirect taxes (B.2) + indirect 
commodity »

- 

taxes (B.3) + other indirect taxes B.3 

(ii) = Government revenue from pro- 
duction (i) 

Personai income taxes (iv) 
subsidies (B.2) + subsidies (B33) 

Other transfers from households (ii) = Other transfers to governments 

Business Sector Account 

Gross production (iii) 

Subsidies (iii) 

Totai domestic output (B.2 or B.3) - output 

(iv) 

of dummy industries (B.2) and intra industry 
outputs (B.3) - output of househoids (B.2) 

subsidies (B.2) 4 subsidies (B.3)



‘ .Indirect taxes (iii) 
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_Gross.production & subsidies 
(iii) - indirect taxes (iii) 

- wages and salaries & S.L.I. 
(iii) 

— net income of unincorporated 
business (iii) . 

- interest & dividends paid to 
- persons (iii)

’ 

- depletion & mining write off 
(iii) .. 

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

Intermediate goods and services (iii) 

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

’ 

wages and salaries & S.I. L. (i) 
— wages and salaries & S.L.I. 

Wages and Salaries & S.L.I. (iii) 

hhlds. (B.2) 

Net income of unincorporated = Net income of unincorporated 
business (iii) business (i). -.. -‘ 

' Interest and dividends paid to _ 

persons (iii) = Surplus (i) 
+ bepletion and mining write off 

iii 
g 

+ Capital cost allowance (iii) 
+ Other Surplus (iii)



A.2 IMPACT ON SUMMARY ECONOMIC ACCOUNTS OF 
ALL CAPITAL EXPENDITURE ON TREATMENT
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SECIION C: INc;&EAPuI. ACL'U(UOMtSTIC) 
_ LXPENUITURE _ 

Iwcont 
g0N3UMER :xPENvA1UpE 1bol$1. HAGESoSALARIEs. s.L.1.

_ 

FINAL OEMANO 1b029u. mt: INCOME 0F unluconv. aus. 
{HHuRTS ESS DU'ILS aao992. auaugus 
oovo. RE ENUE rfion PRODUCTION -25:3. 0.0.9. AT_FAClOR cos; 

. Inxes & DUTItS LESS sue 1015: 
TOTAL 2e3«v5-_ 

SECIION 0: HOUSEHULU ACCOUNT 
_ cxPE~o1ruaE INCOMt 

CON:UMcR EXPENDITURE on 655 165197. wAGfiS& SALARLES » 

PEn>u~AL INCOME TAXES 115:9. SUPPLo LAEOUR INLUME
‘ 

PEn;o~Ak SAVINU? ’ 

_ 

11990. ~Er_1~coM or u~1NcohP. eus. 
urnca I :~§FER; T0 GOVTS 10; 2° INv:§IvENT INCOMt 
uTn:R TRAN F R: 15 0. IRA» FE 5 

TOTAL dodexa. 

sacrxow E: GOVERNWENT REVc4HE 
EEVENUE _ 

uowmuulrv Taxis 204:5. 
New-COMMODITV 3AxE§ lxaox. 
ggv'I GOODS & >§RVICES 2653. 
«c>nURCE-TAEES 479; 
xmwunr nut! s 3141. 
e£n:0NAL INCOME rnxes 1/:59. 
gO«ruRATI0N TA*ES 5236. 
sUu>1D§ES _ 

-zaus. 
orn:R RANSFER3 FROM HHLOS. 10302. 

TOTAL 7d052o 

SECYION F: BUSIN£SS SECTOK ACCOUmI 
. 

Nevswuz . 
, EAP£~ugéuRE 

bfluss PRODUCTIUN 314412. lNT§HM£DIATE GOODS & 3 RVICES 
sunalolfis 2205c IN8 RECT TAXES 

:1“ ‘§:.?;3.':é“$”u:P 5-s~ US 
15}. :. om. lino 93 56:35 ~s° 
UEPIETXON L MINING Ho°0. 
CAPLEAE COST ALL0uAN§§ OTHE URDLUS 

TOTAL 314618: 

17*972. 4470. 
2w§23. It 53. 

208217. 
-91-



~0Ld|Lum a 2 [MVNCT ANALYSIS Of EXPtNbE$ UN SLCURUAKY |REATMENY919bb I-U HODtLn 

SECTION c: INC.&EAPUI. Acu-Ituomsstxci 
DITURE CK N . 

g0u>u«£R ExDE~uIYU E 309331. 
riNAL QEMAND - .l040£Ao 
Imrukts ESS DU'lE§ '25§89.- 
UOVI. RE ENUE '§0M PRODUCTION -IIHT. 

IOTAL 189179. 

SECIION D: HOUSEHOLD ACCOU I 

tXPENDITURE 
CUN3UMEH EXPENu}IUQE ON 6&5 1093313 
Pfin3UNAL INCOM; TAXES 11310. 
P:N3UNAL SQVINUD I559. 
UIHLR TRANSFERJ I0 GOVTS 07:3. 
UTnnR TRANSFER3 1ud9._ 

TOIAL ‘ 136961. 

SECIIDN E: GOVERNMENT REv:~uE 

INCOME
0 SO L. I UNINCONPO HUSI

A 

uAucsoSALgRIt NEr_1xCOMt OF SURPLUS A 

5.0.9. AT F CIUR gust 
IAx:S K DUTIE$ L¢Ss suasxoles 

INCUM: 
GES& SALARIES _ PP . LABOUR INQOME 
T NCO" OF UNlNCOkPo BUSO 
V INCOMK 

EEVFNUE _ 

COMMODITY TAKE? 
_ 

‘@0350 
New-cowwoolrv §Axts I575. 
UOV'T 50005 S JQKVICES 1767. 
HEauURCE TAXES 4296. 
LfiHuRT DUTIES c1i1. Ptn:0NAL INCOML TAXES 115 o. 
COHr0HAIION TAKES :6»7. 
5Um>10ItS -£666. 
UTHLR TRANSFER3 FROM HHLDS. 9753. 

TOTAL 46947. 

SECFION F: BUSINESS SECTOR RCCOUNI 
_. V 

FEVENUE _ 

EAQENUIIURE _ 

bHu5S PRODUCFIUN ‘ 209949. 1NTENMEDIAfE_GO0D$ & 5ERVICEb 
sunsxoles ' 1666- 5§8é§EgIL::x:§ 8 S 

$54 ‘$375 5§.2s":$5éEas8:::- 
2E:EEz*°~oé1":.'::::°,.r.ea°- 
U?H:$ gUSPLUS H ‘ 

TOTAL 211605.

_ 

91

_



<0Lu{IUN ~ 3- IMVACI Awngvsls uF Exvenses um RUDVERY 1960 l~U MODEL9 

SECTION C: INC.bEAPUT. Acc3r(uon:st1c) 
' 

_ 
LxPEN0ITUaE 

QONSUMER EXDENQIVUPE 119412. 
FINAL OEMAND 21400 . 
gnrunra Less nuI1Es -:40: . 
OOVI. REVENUE *BOM PROOUCFIUN -JOIQ. 

IOTAL 336215. 

_s£crro~ u: HOUSEHULU accou.r 
_, 

‘ CKPENOITUKE UUw3UMER EKPENuITU95 ON has ‘~
1 79412. 

Pg~:oNAL INCOML {AXES ' -1dau7. 
HtKSONA SAVINU= 16896. 
UTHcR T_AN$FER> TO GOVTS 11062. 
ufnck TRANSFERD » 1689. 

TOTAL 22J9b6. 
' 

sEc!1o~ E: sovenmmaut REvciUE 

\ Dopo A [AXES 5 DOT 

uaons.sALAkxes. 
gs; INCOME OF U 
:U qLUS 

_ INCOME 
wAGESu SALARItS _ SUPPL. LAQUUR INLOME 
NET INCOMt OF UNINCORP. BUS. 
*~v; EMENT INCOME 
r(A\»§ EH5 . 

qeveuue _ COMMODITY TAKE: 
_ 

3:525. 
wow-COMMODITV Inxts ' Luisa. 
u0V'T GOODS 5 sgavxcas 3319. KEDUURCE TAXES , S1. 
lMruRT DUTIES 4do1. 
PENs0NA% xwcomn Taxes 1u8d7. 
LOKFORA [ON IAAES 13312. 
SUo3}D*ES ‘ 

» -£9n4. 
OTnLR ANSFER= FROM HHLUS. llodz. 

TOTAL 95355. 

SECTION F: BUSINESS SECTOR nccoual 
“EVENUE _ . 

EAPENDIIURE 
enuss PRODUCTIUN - balaua. INTERMEDIATE GOOUS 5 SERVICES 
SUu>lDlES . . 

£904. 1NnIR£CT TAXES 
' 53?F?&§3§3R5FSu§1§é5i3° eus. 

I 
- . 52;-E%,3.a<>a :::.9N;°.~E3s°~s 

SAP gag cost ALLuuANé: THE URPLOS ' 

TOTAL 650152. 

17aé«5.V 
25 92. 

223967. 
-11.. 

650752.

9;



~,U|__\HIUN 43 
_

Q [MPAC1 ANALYSIS OF EXPENSES UN TUYM. 1960 If-U MODEL» 
,1

. 

SECTION C: INC.b-EKPUT. ACl.'Y(l')0HEST[C) 

LXPENOIYURE . _. 
.' Iwcu : 

L0u3UMEH EXPENu1TU9E 455538. UAGEScSALARIESo s.L.1. 
I-MAL ueumo 1476.318. NET IVCO:-1|-. OF UNINCORP. BUS. 
Lmruurs Iv!-:55 owl E: 420455. SURPLUS _ _ 

uovr. RE ENUE H} M K>ROUtICTI(m -(519. ”.-_D.P. AT I-ACIOR WST 
. 

IAx€> s ourxes LESS suasluxas 
TOTAL 80:953. 

secrlow u: uous£HoLu’qccou~I 
cxPENDIIuRE 

' 

V 
INCOME 

3:-"‘”8nE'C §#.E83:—‘¥‘’‘:Es°" “5 “"3‘332' E6855‘ E2“33.£‘§~co.4e K: A 44 o ,
L 

RfiK>QNAk sAvIN9§ galas. NET 1&couE oF_u~L~c0nP. uus. 
uTn:R I ANEFERE TO oovts £8lJ7a 1~v:s[u£~r INLOMt 
uYnLR TRAN FER: ease. IRAusr£Rs 

‘TOTAL Sbdbba. 

secvlom £2 GOVERNMENT Rivcwui 
’ TEVENUE ,

' 

COMMODITY TAKE: ’ 655950 
won-comuooxtv {AXES 3«q99. 
pqv-I 50005 L :§RVICES lb 9. 
Kt:uURCE TAXES IS 6- 
IMVURT nurles 91q3. 
HEK>0NAL INCOML TAXES «I955. 
CORPORATION TA*§S 21195. 
gun: D*ES -57/9. 
UIHL RANSFER> FROM HHLD5. 2613 . 

TOYAL 219354. 

SECIION F: BUSINESS sictou ACCOUvI 
“EVENUE . 

- 

' 

¢ Ex9E~o;éuR§ 
uRU:§ PRODUCTIV“ 111o;:9. 1Nr§NME0IArE boous L 5 av cEs 
SUu3 nlES 6 I6. mg REC!’ TAXES ' 

:2xE?:.E6hé“5FSu§13°5:.é° us 
INT. 310. PAID I3—EE§s8NS° 
uEP&EIl N 5 nlulue w.~o. 
cAP_&A§ cos! ALLUwANcg. urn: URPLU5 

TOTAL 117?o3s. 

v-~o- 

5‘

_ 

0:400 All-'O‘C\| 

O¢)\|Oo- 

NNBNDO 

--OM00

I
D
O 
O
0 

805941. 

-81- 

1177035,



»oLuI1u~ u 5 IMV“CT.ANALVSlS or expanses-um sTRuufuRAL 

sccvnoa c: INC.s£xPUI. Acu-v<uonesr1c) 
=xPENDxTuRE 

1960 I-U MODhLo 

~ 

INCOM‘ 
(_,'UN5UMER EKPEN}-"1tUpE .“Ol“6o UAGFSISALARIESI SOLOEO 
PINAL oenawo 42699. NET INCOME or u~1~conP. BUS. 
LMHUHYS L SS DuI$Es , 

« 
-9 60-. SURRLUS 

U 
_ _ 

cow». REV NUE re M pnouucrxom .- - J6. 9.0.9. AT fiACl0R LUST , ‘ 
IAxtS 5 DUIIES LLSS SUBSIUIES 

IOTAL 18950. 

sectxou u: HOUSEHOLD nccou«r' 
. _ =xPENOITuR£ INCOME 

cgmsunca EXPENu1IURE ON Gas «blue. NAGESL SALAR LS . 

g;ns0NAL INCOM; TAXES - 4838. SUPPLo LABOUR INLOME
_ 

Htna0~AL sAv No: - 3317. NEr_LNcoM§»uF UNLNCOEP. BUS. 
uInc».H IRAMSFERD T0 GOVTS £630. *NVr_STMEN V 

INCOME 
uTn:R TRANSF Rs 549. RA srens 

TOTAL 516‘-6. 

SECTION E: GOVERNMENT REVL~Ut 
' 

. fisvsnus . 

COMMODITY IAXE> bob}. 
NON*COMMODIYY IRXES - J2llo 
uov-rvuooos 5 SERVICES 736. 
HEDUURCE ¥AXES . dz. 
IMFURT DU IE5 _ 

S8. 
PERSONAL INCOML [AXES ' 99:3. 
:8nvogATgo~ TAKES . 2:12. 

53 ‘ 0 

UYnc& *SANSFERb FROM HHLDS. _ 

an o. 
TOYAL 19920. 

SECIION F: BUSINESS SECTOR ACCOUMI 
. 

NEVF ue EAPENUIIUR 
uRUSS PROOUCYIUN 

N 89731. INTERMEDIAYE 60005 S SERV§CE5 
SUDSIOIES "606. INQIRECV YAXES HA ESQSRLAR3 5 5 sOLO$l NET INCOME UNl?8ON 8 g INT. 3 orv. AID Pafis N 

UEP&§FION 5 MINING u.e0. 
CAD AL cost ALLUuAN9t UTHnK SURPLUS 

TOTAL 90356: 

«@518,
K 13§§?' 

/0050: 9925. 
7a919. 

#7243. 
127a.

- 

61

-



~ULJ[lVw w 6 1Mr~c1 ANALYSIS of EXPENSES UN ARCHITECTURAL .1966 I-0 NOULLo- 

SECTION C: [NC.&EXPUIo ACU'T(UOMuSTIC) 
' EXPENDITURE . . lvycum-. 

QOWDUMER EXPENIIITUPE 90410 ' WAGE59SALARIE59 5oLo£t 
r[~nL uemguo 9954. . -NtT lwcumz of UNINCO P. eus. 
l3rU"T3"LESS D:A5§Spno CT o~ = -l?2$' SUR9L3SP AV FACIOH cost U "' ‘VENUE * DU l 

- ’. ' IAxE§ E fiurxts LESS suasxutes 
TOTAL . 1o3d4{ 

SECIIQN U: HOUSEHULU Accou~r 
‘_ cxvgmulruafi ‘ . 

_ Iwcomt 
cgm>UMtR EKPENLITURE ON bus _ 

vuslo qAGtSs SALARILS K 

Htn>0NAL [Nc0Mc TAXES 9:2. sUP9L. LAq0UR INLOME 
H$n:9hAB gA¥égw;TU GOVTS gg . NEEE1NSOn$ ?§C3uéNC0nP. Hus. 
u n H A .2 ' 

. 

.- - 

urnia RaNgFER§ 
_ _ 

as: {uneégess 
IOYAL llddé. 

SECIION E: GOVERNMENT REVLwUE 
GEVENUE CO%MODITY TAKE>_ 1500- 

wow-COMMODIIY-|AxES' 613. 
60v'T GUODS & 3tRVICES ~ 1%?- 
KE>uuRCE YAXES " A7. 
lMrukT DUTIES ’ tau. 
PEK:ONA% INCOML TAXES ‘ 952- 
C0nroRA ION IAAES bblo 
$Uc>1D%ES ' ‘L5 - 
UTH:R RANSFERD FROM HHLDS. .55 . 

' 

TOTAL 4~eS- 

SECIION F: BUSINESS SECYON »CCOUwI 
. NEVE UE . 

EAPENDITUR 
uRu>S PHODUCTIUN N 21066. INTERMEDIAYE GOODS & >ERV§CES 
5Uu5IDIES 130. luotgect Taxis 

’ :é$"m‘3he"6$5 $13 3.: 
° us 

Int. scoxv. PAYD 13 eefis s’ 
”§8&‘”°E‘o‘;:"£[‘£3‘.7..‘:az°- 
3rHe5“§uaPLqs “ 

TOTAL 
‘ 

21175. 

_-_o8- 

'0

N u- 
u--— 

I-U! 

5' 

NO‘ 

(D!-000‘

N 

°NO3‘&OON 

O 

C-I@¥-4\IVlI-‘O 

0 

0 
~ 
0
u 
0 
0
o
0



~GLUTIUH w - 

SECTION C! INC.&EAPUIo AC§'T(DOHE5TIC) 

TOYAL 334161- 

7. xnrucv ANALYSIS uF'£xPhNSES on uEcn;~xcAL 1966 1-0 MOUELo 

. tXPENDlTURE INCOMt 
‘u~:UMER ElPENuIfUPE 110350; IAGESQSALARIESQ 5.L.1. 

..IwnL UEMAND 170292. NEY INCOME OF UNINCOKP. BUS. 
é3:YRT3E5 §3E0¥;3§SpuouucI1ov -“39»%" SUaPL3sé Ar FACIOR L051

V 

0 . 
' ' -I30 Q 0 ‘ 

b 

' ° {AXES s ourxes LESS suasxuxes 
IOTAL 298942. " 

SECYION 0: HOUSEHOLD ACCOQwr 
EXPENDITURE __ 

INCOME 
S2"’8""* ‘i‘¢.ES”‘’‘¥“‘*Es°” “'5 "‘7’3§°' '68 E‘ E‘“33s‘.‘?~.«o.4e 

_ 

n: NAL M9 AX 1 “4. S . A 
P£K:0NAk SAVINU> 12259 

_ 
NET INCOM OF uN1mConP. uus. 

U nun 
} 

AN3FER> 1U GOVIS 10:34. {Nvt§£~ENy INCOMt U fink RA.SFERa 1605. KAN ERS‘ 
’ torAL' 212903. '

« 

SECTION E: GOVERNMENT REv:~uE 
V 

fiEVENUE , COMMODITY TAKEh 206d]. wow-coanooxrv onxes 12276. uOvvT ooous & sgnvtces 2711. HEauURCE TAXES :4- IMPUHT nUTIES J 90. 
PEN>ONA% INCOMC TAXES 17954. 
COKPORA ION TA*§S 8827. 
3Uu:ID+ES -e§ «, 

. 
THLR RANSFERD FROM HHLDS. lob 4. 

turn; ‘b 7~s19. 

SECIION F: BU$lNESS_SEéYO8 ACCOUMI 
_ 

NEVENUE , . 
EAPENUIIURE 

uh - 

g3U>§D$ggDUCTIUN 33g:3£o {zTfi:gE?I?z§EgO0DS & :ERVICES

I 

' 

:e$=%:§a.s“*a%5 as s.:.s- U 1Nr.,c°81§. PAYO ?S Pe§s3~ ' 

DEP cf! N 8 MINING H3- , 
8AP&£A§ COST ALLOVANCE THE URPLUS 

1I2a22. 
23’3%° 
lJg8:: 

212904, 

4 552 9230. 
339161. 

[8
'



~nLql1vw u 5 IMVMCT ANALYSIS 0F expanses UN eLEcfHIcAL 1960 I—u MODELo 

sficrlow C: INC.6EAPUI. ACL'T(UOME$TlC) 
LxPENDlfURE _ _ 

_ , 

"INCOME 
,@Om3UMER EXPENUITUDE 50491. uAG£soSALARItSo s.L.1. 
Vilwufi JEMéNn . h 

k$69%. Nsfp[NCOME_0F UNINCOKP. aus. 
Mr T” ‘ U ‘c - 63 5 9 U 

uo.Y. 3g$s§3g”ra5» PRODUCTLON -778: uED§P. AT FACIUR C05; 
’ 

TAXES 8 DUTI‘l'.S LtSS SUE [DIES 

TUTAL 61569. 

SECIION U: HOUSEHOLD ACCOUaT 
LXPENDITURE INCOMt 

CON>uMER EKPENLITUPE ON 665 59391. IAGESS SALARIES 
_:;*s%n= 3225' §E?"&:c $03‘: ems...» US N5 N L A’ an 

. 

u r u 
a H:R IRAaSFER: T0 GOVTS . 

3; 51 lNvfi§TMEN 1~con: ' ' 

UTHcR TRANSFER: 
I 

4 4. [RA >FERS
I 

‘ 
' IOTAL 54909. 

QECTION E: GOVERnm&N1 REv:»uEA 

COMMODITY TAxEo' :ud7. 
NON-COMMODITY IA ES $115. 
b0v'T GOODS 5 SERVICES 178. 
HE:uuRCE TAXES 113. 
£MHuRT HUTIES _?0go 
PE«:0NAL INCOM; TAXES :44 . 

LOHVORATION rAA59 4136. 
3Uu:ID*ES _ V 

-535. 
UTHtR RANSFER3 FROM HHLDS. Jll . 

TUTAL 20075. 

SECTION F: BUSINESS SECTOR ACCOUWF 

V V 

REVENUE 
' 

_ . EAPtNUI RE 
9Sus?D§ggDucTIvN. uoggeo §n1%:gE?IA1§EgooQs L > v1cEs 
5 H) '2 0 ° UAGFSoSALeRlFS 5 s be . 

TS} ‘:‘°°’f °p.‘x’3"»‘$ Sans 32' 
uepfarxguvi n1~1~o w;- , 
CAP ‘Ag cost ALLOdANCt utna URPLUS . 

IOTAL 80590. 

--28-

Gk



B.'l SECTORAL IMPACT OF ALL CAPITAL 
EXPENDITURE ON TREATMENT



1! 

Stuildi 63 I”fACT ANALYSIS UF EXPENSLS ON PRL_#RY lHEATHENTol9b6 I'0 HODELo 

MEI INCOME SURPLUS EwPL0vMENT 0000: arnocs or PNUDUCTIUN \HHLO) DOMESTIC TUIAL INUINLCI SALARIES _ 

. FINAL o0ME?I1$ Iqxgs LL§5 5 uAoES_ ONINCQRP 
DEMAND ou Pu bUH3IulkS 0 S.L.I. uuslhcss «Aw-YEA 5 

oaxou AGR <..ros2esr«.r1sH<oo:-9 3) 29. woos, a9. 1456. segsz. 065. 3 7. 
ouace MIN 46 

_ 
(0 »- 7) 99:. 4on1. 4!. 6 . 5, ~ 3&0. 4. 

00300 wA~urACTuR1Nb (u o-Y J) 46342. 17101:. love. 3580 . J62. 19 0. S 5.1 
0040“ CONSFRUCTIUN (14810-I~890) 0. 5070. 23'. 3on4. £10, Zgs. 37 .1 
00503 utdfid (lev-191) 163: 7. 

V 

9534. 43 1%. 14335, 31% 8. 793 ,4 
ooeoe HOUSLHOLHS - doogg. 20§Z3b. $3616, 4 2 . . 3. _ an. 0.8 
0070.’: Ion; 1-zoos . be «o 6; 5:m7. ea 51. 20:2 . V 

ssnoe. H183. 
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'*"'ACT ANALYSIS ur Exvtusts Um 5E\«UHDARY NEAMt'Nh19¢6 1'0 MOUEI-vL bC\o-I IUN 8: 

5uqPLu5 EwPLOv«E?L 
MAN‘YEARS 00009 STAGLS or PnuuUcT1uN (HHLU) 

0 
~..,..... 

brzvf. 

0000000 1236.567

0 

000 

J01... 

0003200

V

I 

V» 
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scuxuu 5: 1-~-vtxcr ANALYSIS UF EXPENSES UNRECOVERY ’ 

. 

’ 

1906 1-0 MODEL: 

ouom sramzs Ur PRUUUCTIUN \HHLU) DOMESTIC TOTAL INDIr<r.c1 SALARIES NE! INLOME "SURPLUS EWPLUYMENT 
- 

_ 

rum. oomzsnc Hues LESS s waves UNINCUHP 
DEMAVD OUTPUT ‘suasluirs v S.L.I. uuslhfiss \4AN'YEARS 

ooloo Ms—41u.ruoEs7.+'Isnmot.-o 3) 0. 17761. 417. 2304. 560%, gtozw. 44.5.4} 
00 o" -v=1~1~<‘ ( - 7 . 4 25'. 1, . at. 5 5 . 55 
00305 ‘1ANU"l:CTuRlNu (3 3- gfi 3. £631 . 2‘m‘f. 546352 Q5 2 31236, 815324 
0040-: covsinucnow (14810-H9890) 214000. 221670. 15am». 54977. 028. 7 46. 6638.0 
33532 ::ssz:.oL..s 

°- 3:325 11%? 52.22“ *8"'- 1237- W3-5 
- '- ' (7: ‘9 0 ")0. 

oo9o;, mm * 

V 

2140932 992251.. 443:4. 1731452 5:33: :-aaz 3. aeoszia 

-98-



IWFACT ANALv>1S UF ExPEwScS UN Y0I~L 19oo I-u M0uELs _B! snullou 
£NDI~LcT 

IAxE$ LLSS 
SURPLUS EWPLOYMENL 

~4AN- Y E A325 :UHbIulES 3 ouoofi STAGLS UF PRUUUCTIUN \HHLD) 

o 
u 
I 
o 
o
u
o 

123 

221.0

. 

P17 

7.5

9 

Q. 

1 
«.79 

6.39 

55.576 

1233 

I 
0 
0 
I 
0 
u
0 

9267943 
09760.66 

16502.01 

5.‘ <H’HEr<' 
3 nOUScHOLns 
C TOTA 

L:

-



5cL1rn« a: 1HfACT Amngvsxs or exvemsés Om Slnucluunu _19oo I-u MUUELO 

‘ooooa stnezs or PKUUUCTION (HHLU) no«§?tIE ’ 

D0MgQ{?E IAiEg1:nE1 $AL:RéE§ NE$N§mE3SS SURPLUS EWPLOYMENL 
' 1') c_ 5 A 

oswawo . nu?PuI SU35IU1E§ + s.L.1. nuslniss «AN-1EA$s 

oolou iGRI»uFORESI§FlSH(u01-0 3) In. 4591. ha. 639. . 1402,. 6 1. 1 9.7 
ouzcf wlwlya (u w-a9?» _ 

av. ;bbb. =s. 3#p. ; . b I. 6.2 
0030: mA~urAc1uu1~u (u o-147) Isaac. 4 637. :49. 1029a. 9 , 61 9. 1553.7 
00900 Co~§anuuTIUN tlaalu-Anson) _q. 1614. I3. 851. _ox bl. 104.8 
8328? 253§"HoL >5 ““"““’ 2938' “%l8°- 3592- “I33” 3'’‘‘°- ‘‘‘‘‘‘3' “’8'8 
ou7c# rora7 ' 

~ «o32n2 128963: a 6: 2§11aZ 5:1 I loogxl 399424 
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3c‘..[‘IUi« -3: 1"-'_'£.CT AN\LVSlS 0F EXP:-_NSt.5 UN AR\/'LVt_CT-JRIXL woe. 1-U MOUEL9 

00001) sue:-.s or PRUUUCTNN um-u.c_n nonesnc. mum mux..r_cr s:u.mIE_s New mums >u~2PLu> E~4PI.U/VMENT 

. 
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ATB.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 l) vector of values of total industry_outputs. 
Q = (k x k) diagonal matrix of values of total industry outputs. 
q = (n x l) vector of values of total commodity outputs. 
a = 

( n x n) diagonal matrix of values of total commodity 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 l) unit column vector 
e =‘(n x l) vector of values of commodity final demands (minus imports 

which have been taken as zero in this study). 

Assumptions . 

9 = Dq (i) 
where D = Vq"1. Observed industry market shares are fixed by commodity. 

Ui = Bg (ii) 

where B T Ug -1. Input values are fixed proportions of total output 
values for individual industry production functions. 

For simplicity, assume no indirect import leakages. 

By definition: 
q =vBg + e (iii) 

An Industry Output Model 

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

and, substituting (i) into (iv); 

g DBg + De 

(I - DB)'1 De 
. (v)9
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Equation (v) can be interpreted as fo11ows. Industry outputs, , re- 
quired to meet fina1 commodity demands, e, are equa1 to De the ?k x 1) 
vector of fina1 commodity demands a11ocated among industries, to determine 
the amount to be supp1ied by each industry, times the "industry output 
mu1tip1ier", 

(I _ DB)-1*
‘ 

* For a more e1aborate account of the various specia1 mode1s see ‘The 
Input-Output Structure of the Canadian Economy 1961' VOL. 1 Statistics 
Canada. Cat. No. 15-501 0ccasiona1.



- 125 - 

’D TAXING THE POLLUTER IN THE TNO—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 pollution level would 
be 0A where the marginal net ain of the polluter is zero (i.e. net 
of the victim's marginal lossg. Let us consider the solution in 
relation to this optimum in four cases; 

Dollar 
' 4‘ benefits 

or losses 
' 

A
E 

.D
_

\
\
\ 
\ P\ 

\L
' 

n\ | 

I \ I 

I \ ’

, 
1 J» 

. 

» ;.Quantity of waste 
0 _ C A » 3 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 noneoptimal 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 0A. Above 0A 
marginal losses and hence taxes will exceed marginal benefits. 
Below 0A the opposite is true. 

CASE 3. Assume that polluter and victim can bargain and a tax 
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 latter to reduce 
the pollution level. OA will no longer be the optimum pol- 
lution level from the point_of view of the victim. The 
solution will be at 0C 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. 0A 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.



~ 

_(k 

:1! 

.\-f

. 

rt

. 

.3 

_) 

..L 

is 

E. 

J» 

T. 

,.\.M 

:r

c.


