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. INTRODUCTION

The objective of Worhing'croup A, Study‘Item IV, Uoper Lakes
Reference Group, was to provide,a nodelling.framework within which future
point-source waste 1oadings from economic and demographic.actlvity could
be progected. From a purely conceptual p01nt of view, the task Seemed .
clear, hoWever,‘the process of‘emplrlcally‘implementlngnthese concepts

proved to be an exceedingly difficult and oftentimes frustrating tesk.

.The‘oresent report will concentrate on What'emerged as the’
~final product. Alternative modelling‘strategies.that'were'significently‘
explored willlbe given some cOnsideration'as to content and resson for
'_rejection. ‘Other points of methodoIOgical'importance‘ ﬁili be covered;-.

however, the'virtue of brevity required that non-central issues be omitted.

THE ANALYTICAL FRAMEVORK

. The original conception of the modelling'framework févoured the-
-adoption ofvthe SO¥ca11ed systems dynamics approach'of Jay Forrester's

World Dznamlcs and the Limits to Growth modelllng efforts of the Club of

Rome The public controversy stirred up by these publicatlons is well
known, however, the subsequent research aimed at evaluating the scientific
acceptabilltY'of such methods : is not. The advantages of computer simulation

are ‘clearly recognlzed. Nevertheless, the model to be simulated.must.be



'_accurate if itlis‘to have any:meaning.' Thisfmodel accuracy is.derived,,in
turn, from accurate assumptions about functional forms, data, and empirlcal
'*validation. The bulk of the relevant criticism concerns the failure of these
.methodstto‘meet any‘of these criteria, |

In expanding the-scopétof-potential methodologies,'it became |
clearer that,.inbthe context of the”research problem at hand, the lsystems
_ dynamics? approach.wasrsimply not_flekible enough. jLa'_rg-e, multi-
: dimensional data'setslcould not be handled;, Also, thevrestrictions'on
functional form possibillties were found to. be overly constraining and
unworkable. Aside from these 1argely technical deficiencies, practical
problems were also significant. -Previous applications of systems dynamics
'techniques used highly generalized and aggregate data, The Upper Lakes
'model‘required much more.disaggregated information, bothysectorally-and
spatially, To adequately capture the interrelationships oi the national
‘provincial, and regional economies, as well as the dominance of the first,
would have required a massive data collection and modelling effort if a
‘complete systems dynamics structure_were‘tobbe;constructed.‘ While thlS
"nas a possibility, the model'that would have emergedrwould not. have been of .
the 'structural': type, but‘rather of the recursive, .reduced form' family.'z ;v
_ A further de31re on the part of the modelling team was to provide for pollcy -
simulation capabilities and, technically, this requires a structural model.

Unfortunately,vthe resources available'for the Study Item were inSuffic1ent-

for such an undertaking. This situation prompted the decision to adopt an



.already exiSting tramework to provide the.toundation_for'the.economic
vprojections and policy simulations. dThe'needvto considerlseparate
. industries infas fine a”detail‘as'possible.narromed the scope-of.available'
_ choice to one' - CANDIDE. This model is the- only one - ex1sting in Canada
that provides any industrial detail as a part of the overall model structure."
.'Under our general direction, INFORMETRICA Ltd of Ottawavwas contracted to.
provide economic prOJections to the year 2020 u31ng their ver31on of the

' CANDIDE model.

To,proyide measﬁres.Of regional'economic“actiyity for the forecast .
v horizon;an inVestigation‘of methodologieS‘to link the.regional‘economies_to
‘the national;projection was.undertaken. While seyeralvtheoretical explanations
:for the.spatial'distribution of,econOmic activity eXist,“in general' these
theories are not empirically testable. Further, the smaller the geographic
-unit under examination, the less consistent, comprehensive, and analytically
useful "is the available dataa The lack of suffic1ent data severely restricted
the choice of linkage methodology Problems with confidentiality provisions
of the Statistics Act and project time constraints precluded the obtaining
'of time series data on regional economic activity.' As a result, the only
course of action open to the research team was to adopt 1nformatlon available
in the,l971.Census of Population. This_sourcevprovided a_single year (1971) o
estimatevof the_Spatial'allocation.of employment'by certain industry groups -

conSistent with the Standard Industrial Classification'(SIC)_and‘CANDIDE;
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TheSe‘estimates were nsetho allocate'the_national projections
to the respective river basins.or’regionS-of the UppertGreat'Lakes. Implicit -
'in;thisiallocation mechanism is the aSsnmption:that the 19ll proportions‘
'remain.constant‘throughout the nroiection horizon.: While formallv un- . |
Jrealistic, itlwas“absolute1y~necessary,bgiven the information and resources
-available to the prOJect.‘ Projections of economic‘activ1ty based on the above
methodology are available in three Social Sciences Div1sion working papers.

Estimates of Economic Activity in- Regions of the Canadlan Great Lakes Bas1n,

.Series A, Volumeva and II; and Series B. Part of the original research
lstrategy was. to have at least two different views of what Canada 's economic "
structure mlght be in the future. This presented serious conceptual and
practical problems that were recogniied at thevoutset, h0wever, attempts were
made to articulate-significant deviations from historical trends;: Series A
basically describes a continued trend in the relative growth of the service -
sectorm'.Series Bﬁemhodies the attempts to plot a different:time path.for |
:Ganada's‘economic future. Snbseouent consideration.oflthis alternative'future
resulted in the dec151on to use only one economic scenario (Series A) in. the
overall waste loadings prOJection model ‘This decision,wasvbased on the

following.

First, it Very'quicklv emerged that an articulation of a radically ’
different-futore was a major task in itself and, given the constraints facing""
‘the project nOt possible. The .almost pure speculative nature of such a

: scenario and the revolutlonary social and instltutional changes implicit in

it present formidable obstacles to such an effort. :



Second, an alternativevscenario was prdduced'(series-B) and;

" within the.simulation limits of thekoyerall.project and;the CANleE :

model, 1t did represent a‘different economic outlookrilﬂowevér; thexneed
'to:portray tne‘economy operating at‘or near 'potential' obsCuredstne_

'major di‘ffe-renc'es in the two scenarios. Also, th'e'le‘vel of 'aggrega’tion

: -in CANDIDE while fairly detailed compared to other feasible methods, was
fnot sufficient to allow the emergence of differences in the ‘economic out-— |
1ook that were. operationally meaningful in the ultimate purpose of simu—
e.lating futureiwaste loadlngs. Speciflcally, the regional economic inputs
to the industrial waste loading calculations were not sufficiently different

to warrant the expenditure of resources.

As noted above, the two scenarios are discussed and'documented
separately, and reference to these reports will illustrate the above comments
more elaborately:

Although, for the various reasons cited above, it was not possible'
to model fundamental socio-economic changes explicitly, ‘the overall prOJect

»devoted a substantial amount of resources to more 'thlnk-tank' type of futures

 'conceptua11zation. Information drawn-from this report-(Social Institutional

and. Technological Trends and Synergisms Affecting Water Resources Quality in the ’

Great Lakes Bas1n) by L. D Amore, and from other sources, w1ll provide

'opportunities to exerc1se Judgemental overrides on the bas1c soc1o-economic inputs
of the overall model “It-is, in_this sense, that_the.model.displays its

“simulation capability,



,.DEMOGRAPHIC-CONSIDERATIONS.

As a part of the overall CANDIDE model certain«demographic
"vphenomena such as part1c1pat10n rates, labour force and employment are
.generated_endogenously; That-is, they are explained by the.model. Un—~
A ,fortunately, available versionslof CANDIDE have notwyet endogenized'the‘
source populatlon itself | Therefore, population estimates for Canada are -

~ an exogenous varlable, supplled from outside the model

For the.Upper Great Lakes reglons under study, three possible
gtreatments of population were available. | First a. separate demographic
prOJection model could be produced Second, available population projections'
completed by ‘the’ Ontario government could be adapted for use Third,:an
.attempt,could be made to'regionalize the population proJections inherent in
_~the CANDIDE projections, through theluse of a crude’economic—démographic .
'linkage. o B | - |

Neither the firstnorthird options proved to beventirely satisfactory.
‘The Ontario Ministry of the Environment (MOE) utilized the Ontario government

'proJections to estimate the future population for the regions in question

In the final analys1s, the MOE estimates were chosen because they were generated '

by the most plaus1ble and reliable methodology available to this prOJect.
‘vAttempts were made to acquire more recent prOJections from the responsible
-department in the Ontario government however, these proved to be unsuccessful
-.To allow for deviations from these estimates, simulatlon capabilities enable

alternative scenarios based on informed judgement ‘to be modelled Significantly,



theioyerall model lacks economic and demographic interactiOns,‘and‘is |
:therefore'somewhat deficient in'this:matter...However,'Statesof;thesart.‘
.-modelling of these linkages is still fairly prlmitive and would be-a
major research task in itself for a multi-regional model like the present
.one. This lack‘oflinternal consistency between population.and economic
- actiVitw should be kept in mind when simulations ofialternative scenarios

are being undertaken.

INDUSTRIAL-MUNICIPAL WATER POLLUTION CONTROL INVESTMENT

In addition to forecasting future waste loadings, this Study Item N
was requlred to investigate and prov1de for the estimatlon of future spending
requirements for water pollutlon»control. The two.categorles of abatementp’

' spending_covered in‘this analysis were industrial'and municipal wastewater

treatment;'sEach'of these will be discussed in turn.:

»._lndustrial Treatment

TO'understand the rationale'underlying the‘specification of.this 2
_sector, a brief overview of industrial water pollution should prove valuable.
_'Many 1ndustries use water directly in the productlon process. While some
water is actually consumed through evaporation for example, most is returned
to its original source. However,_during the'production proceéss many sub-
stances‘are added, either as»required elements,‘or as hy¥products.. Therefore;-

the water that is returned 1s generally in a. state highly different than prior f

to use, containing d1ffering concentrations of various substances or pollutants .




'The function-offpollution abatement may.be‘viened in a two-

' fold way;_ lt can act onlthe production process,itSeIf, by changing itd"
Whlle not always primarily related to a desire to decrease pollution,
indirectly, by lessening the amounts of pollutants’ generated and re-
turned to the stream, that.obJective is accomplished Also, through
various methods, the pollutants can be partially or wholly removed after the pro; ¥ k
_quction'process, but.before the water'is returned to'its source. This
is:commonly‘referred to'as end—of—the-pipe treatment.. The concern for

the environment has’ prompted efforts in both of these directions.

The problem addressed here is t0vdetermine'what the cost‘of
these abatement options has been in the past and what it is 1ikely to be
~in the future, given various objectives. concerning allowable pollution
levelsvof water returned to the stream. While this Reference Group 9°n'j
‘centrated'on apprOXimately'SO major pollutants, there”are thousands of
substances existlng in trace amounts in water resources, and thousands more
being created _every year. To compound the problem further, treatment methods
are often pollutant specific, in the sense that they ‘concentrate on one
substance, leaving the others as before. There are exceptions of course,
however, no one methodjwill remove all_undesirable.mAterials. A:great deal
.of‘effort'has‘been:expended in‘the:United States considering pollutionlabatement
costs,_ Unfortunately, no comparable studies have been carried out in Canada. |
In addition, ‘the legislative objectives guiding pollution abatement in both

countries are generally concerned w1th achleving a given level of water quality.

1"__This obJective is a very nebulous one in that water quality and quantity




are inextricably tiéd, and a givenllevel of water quality.cannot be used
to infer the extent to wh1ch pollutants are removed before the water is
returned to the stream. Also the water quality, quantity relationship is

. only one of many factors affecting a given quality outcome.

Reference to specific studies examining therrelationships.be."'
'.tween specific pollutantbremOVal.levels,-and costs.of-this removal, pro-
vided_some information. These studies were either tooxgeneral.or‘too>
specific to be of much.use in a comprehensive framework. The sheer volume'
of technical,and engineering information available_quichly‘grew to un-
-manageable proportions. _The only reasonable cost.data'available in a usable
form -was related to the SIC 1ndustry group classes. This data was |
,collected by the Ontario Ministry of the Environment and covered approvals
processed by the Ministry. It did not represent actual outlays, and was for .
_ capital costs only, containing no- allowance for interest depreciation,
'hoperating and maintenance costs. In addition, no relationship between these
capital outlays and the level of.treatment they.achieved was available or
'could be reasonably‘inferred.' The 1971 Census of Manufactures"included a
. question concerning»watér'pollution ahatement investment; .HoweVer,'this '
effortlwasiill-conceived and resulted'in inconsistent,and‘unusable estimates..
Without detailed 1nformation with which torestimate a relationship A
.between capital expenditures and pollutant removal levels, recourse was made l
to available micro studies and,other a priori information for modelling‘
ipurposes. These’sources indicated the general form of thepfunctional‘relationé

'ship‘between treatment levels'and'capital costs to be a non—linear one,




Rather than assuming a totally non-linear curve, one ‘that mas linear. over

a certain portion of its length and then becameAexponentially'nonélinear

was chosen.. Thls treatment is cons1stent with the. generally accepted view
vthat the marginal cost of increasing pollutant removal levels increases

:'very rapldlybas 100 percent removal is approached. fTo-simplify, it was

assumed that‘10wer-treatment'levels could be achieved at constant marginal
costs,

‘Having specifiedIthe'general.shape'of_the cost curve, the

v,parameters:involved were made simulation variables. As a point of departure,
marginal costs were assumed constant-to'90 percent removal and exponential
: beyond The power of the exponent was also made a simulatlon variable as was

the current level of each industry s treatment

The'ECOnomic Model'

Once the functional form and its parameéters had been chosen, the
augments of the function remained to be spec1f1ed . The scarcity of data
severely limited the range of choice. ‘A simple economic,framework consisting _

of a capitalAOutputvmodel ofrinvestment was chosen. To empirically eStimate

“this model. one needs a time series of capital stocks and'a time series"of

' post-treatment waste production. Completely satisfactory figures on- the former
"and any figures on the latter were not available. To overcome the first problem,
-it was dec1ded that as a first approx1mat10n the MOE approvals figures could

' serve as'a series of gross investment flows. These flows were then transformed

by.conventional techn1ques into a capital=stock series‘using a S~percent dep--

‘reciation rate. The only consistent figures on waste. flows related_to 1973..
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Therefore,‘thevpollutionvcapital.stock calculated'for that»year was'related_

’ to industry output in the same year to form a pollution capital to output

rgtig - It was further assumed that this ratio was- the desired and actual

one requ1red to achieve the given level of pollution 1oad1ngs per unit of

output as measured in 1973 ‘This assumption implies that full capacity |
' utilization of the stock of pollution capital is realized in every time

A~period

Invsummary,’the following assumptions characterize the investment .
equation spec1f1cat10ns°
| _(1) that investment is determined by a capital-output
.‘model; ' »
. o (2) that desired. and actual ‘capital stocl.csare -equa‘lﬁ,_ ‘i
“ | ~implying instantaneous.adjuStment and nolinvestment
lags; | |
(3) that desired.stocks; and therefore net inveStment,
| respond.identically to hoth output'changes and -
treatment level changes' and | | |
'(4) beyond the point of increasing marginal cost (for . -
| example, 90 percent removal) the stock requirements

| increase exponentially.

'inVeStment flows were differentiated into two types: onefcharacterizing
- a first approximation to maintaining the baseline or 1973 treatment levels,
and the other designed to provide 31mu1ation capabilitles for 1nvest1gating

.. o :'different assumption sets concerning the spe‘cific_ation of future water quality



'andzeffluent discharge.regulations. Thése'equatiOns'are'now presen;ed

" in turn. p

Baseline Scenario Investment
This is the investmentarequired to maintain, atla constant,
the base year (1973) level of treatment. In the present framework thlS
implies that the pollution capital stock to 1ndustry output ratio must
remain.constant This means that the stock of pollution capital must grow -
'by the same proportion as output. Following the assumption set noted’
N above, and allowing for depreciation of the last periods stock of capital

the-express1ons outlining investment 1n.the'baseline scenario are:

© . ITMI0l, = STOCKl, ; * gg + DEP * STOCKl,.j - STOCKlt T @
STOCKLy = STOCKl, j + ITMIOl, - DEP * STOCKL, ; ()

‘Where;

ITMIOlt' "Baseline'capital investment in industrial treatmentvin_

_year t._

STOCK1, vBaseline.stock'of industrial pollution capital at eno
.Of.year taf 7

-RDBt Real domestic product in year t.

. DEP = Rate»of economic deprec1at10n.

- It is important to note thatequations”(l)‘and.(2) and all otheru

such equations that follow (both industrial.and”municipal)'also have industry

and region dimensions.: To simplify the expositiOn,wthese=Werefomitted;
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Increased Treatment Scenario. Investment

For these simulation»generated‘scenarios,it‘iS'assumed that up

_to a certain level of treatment, 90 percent for example, the capital stock

to output ratio must increase in the same proportion as therdesired’

“'treatment level increase; For example, to increase the removal of a certain o
pollutant by 10 percent,‘say from 40 percent removal level ~to a 50 percent

. level, the stock‘of pollution capital would have to rise by.lO pefcent given'

no change‘in output. This ‘means that the pollutlon capital to output ratio

would rise by 10 percent.

Above the 90 percent treatment level some easily‘represented

functional form was required to depict the generally acknowledged rapid rise ;“"

-~ in incremental capital costs and therefore, required capital stocks. (See,

for example,.Kneesevand‘Shultze: Pollution, Prices, and.Public Policy,

Brookings Institution, 1975 especially PP. 18 22. ) For this purpose the
exponential function y"eaxwas chosen.
In.general: the-investment‘flows needed to‘satisfy'any increased

removal dec1sion would be equal to the normal or baseline investment, plus

'that amount required to increase the pollution capital to output ratio by the

inecessaryramount. LIt is important to understand the one-shot.nature of

eachitreatment policy dedision; The policy augmented stock in the current

'year becomes the lagged. stock the next year, grows proportionally with output

and is replaced as it is depreciated however, at a h1gher absolute level thanl

it would have been in the absence of the policy change. For example, if in,



" BASTRL -

a given year the desired treatment level is increased by 20 percent
:(remalnlng below the 90 percent leveI% the stock of pollutlon capltal
. must increase by 20 percent, with eVerything else constant. This increase

is a one-shot event. Once the stock is inCreased‘byaZO percent, it is

naintained'at this relative level naturally, through'our investment equation -

specifications; The only time it- needs such an increase again is if treat-

ment levels are increased by another policy change. The expre551ons for

_ 1nvestment in the presence of policy changes, are the follow1ng

iTM103t‘= [1'+(DESTRL - BASTRL)] * ‘STOCK3, _; # - RDPy
: ‘ , TR : IR RDP .
g : 3 t-1
+ DEP * STOCK3,_; = STOCK3, , - o . : (3)
'STOCK3, = STOCK3,_; + ITMIO3, - DEP * STOCK3, 2 . (4)
Whereit.‘- - ' | - | - . ” - - v'.“
ITMIO3¢ = Policy affected capital investment in industrial investment
in'year t
STOCK3t = Policy affectedastOQk‘of‘industriallpollution capital in
year 't | | |
DESTRL = Desired treatment.leyel.(simulation_Variable)'
= Baseline'(1973)Atreatment 1eve1v(simnlation variableL

B

All other notation is“defined inithe variable list of equations

(1) and (2). Also note that the expression [1 + (DESTRL - BASTRL)].V

is:greater‘than one only in the years of policy change, If an increase

of 10 percent points in treatment levels was desired, this expression would



" equal 1:10, only in the year that the increase was 1mp1emented For that .

year NET INVESTMENT is 10 petcent higher than it otherwise would have been
Therefore, theypollutlon capital stock to output ratio 1s_10 percent_higher,
- which is the result we want and consistent with our assumptions.

Separating.Baseline,from Policy
_ AffeCted.LnVestment‘Expenditure

‘Since ITMIOB also contains ITMIOL, double counting is possible
unless measiures are taken to separate them To do this properly, both
ITMIOL and -ITMIO3 are calculated for each prOJection The expre331on for
.ITMIO3 has been de51gned to enable the policy change term, 1+ (DESTRL - BASTRL),'
: to_equal one for all years except those of treatment;level changes. |

- Also modelled is a separate'Sector fOr baseline investment5 with
its own base year stock variable and subsequent stock levels. " The calculation
of ITMIOl is then subtracted from ITMIO3 to give the policy induced
.Linvestment flows To allow for the 81ngle year policy effect the expression

- (3) above for ITMIO3 can be rewritten as:

‘ITMIO3t = (DESTRL - BASTRL) * srocxst 1 * %%Bt + STOCK3t 1 RBEt
, o -1

+ DEP * STOCK3;_j = STOCK3,; . . (5

"with allowance made in the first term on the right hand side of (5), for
. the- 51ngle year nature of such a shock | When this term does equal zero,
.the whole expression collapses to equation (l) -above for ITMIOl The'com;
pllcating factor that requires computation of both of them is the one- shot

vnature_of the stock change, and the continued effects of this higher stock on"



future investment‘flows, .In fect;bafter the.policy.qhsnge, equation (4)

is.just equation-(l);'only with a hiéher stock valueAdriving,the'investment

eXpenditure. ; - | | .
For the cese'where desired'treatment levels egeeeds 90 percent_

'removal;.the sinple proportionel expression,is replaced with one~1ike the

'?fOIlowing: B | |

e'.st(bgsrgr - .90) 100

'with‘allowance‘once again for’its non-zero value existing‘only in years

| oftooiicy change. The 90 percent. value,used as the critical one in this

erample, is Aisp programmed for simulations. If a user wishes to substitute

‘»_ a different value,it is very simple.

- Further Considerations ‘
hThe necessity to specify:the form and parameters‘of‘the above
v.investnent eduations, 'a priori', in effect"mahing these equetions simple
”accountingvidentities, presents further conceptuel problenshin‘addition

to those noted. While pollution-abatement often.takes;the form of endeﬂ
'Vof—pipe‘treatment,-it is also accompllshed through process changes as noted..
earlier. However, expenditures undertaken for process changes are not ea311y
identifiable as pollution abatementvorientedf hIn fact; theserexPenditureS
might plausibly be'reiatéu'tova desire to economize on a productioneinputiv
Tthat.hes-beoome relativeiy_enpensive,.or5perhaps even‘redundant;due to
4“techniCal‘prOgress, anu not.hecause of thefinpuﬁs detrimentai inpect_on
“nster quality;: Despite.this laek‘of‘clear distinetionISOne'efforts‘at

' _measuring_such pr0cess{change abatenent‘are‘undertaken in theiUnited States.



'spending-is,therefore

" Modelling such expenditure is another matterfhowever.f Thisfc1ass of _

;not examineddhere. The estimates generated by .

the preSent equationslaretbased'on a separable stock-of capitalipurchased

| solely for pollution abatement,purposes..

_Neyertheless, the impaCt'of technicalvprogress on the demand

 for pollution abatement capital needs to be recogniaed and accounted for.

In this 'simple model, the demand for pollution control capital is in a one-

._to—one relationship.mith real domeStic product.‘ Note, however;.thatvtech—

N nological change allows more output to be produced with the same quantity

~of inputs. To the extent that water is considered like any other input,
this may lead to a decrease in the amount of water used per unit of output.

‘Unfortunately, it 1s not clear that the historical treatment of water as

a common property resource has sufficiently changed so that water now
enters production functions in the same way that the other inputs do; as -

a scarce resource whose'relative price refleCts that scarcity. " As

" lonig as thé real resource cost of mater,fails to reflect this scarcity,-

technological‘change may contain an inherent.bias towvards the use of the

- underpriced resource.

77 Further, the need for pollution abatement equipment depends not _
only on’ the guantity of water used but also on the guality of this water

after use. To further complicate matters the present legislative process" '

.vresponsible for water quality guidelines and regulations considers the

i‘quality of the receiv1ng stream as an important governing factor. In the

production process itself the development of cleaner technologies will

influence the need”forhabatement measures; -The possible need to_economize on



certain'polluting substances or'methods may result in-a relatiVe:decline
in‘enwironmental damage.qq

The numhet of poSsibilities and their combinations'presents a.
.'fdrnidahle question%;with no'sinple answer;--Ihe abowefdiSCuSSion has |
.only_tried'tovpointbout a fewvof the more noticeablerones;

“Thereffects of technical change will also:influencelthevproe
duction of pollution abatement equipment itSelf. :It}seems'clear that some
.‘Progress will.be nade in this direction. It is alsoiclear‘that innovatiQn :
‘ giving rise to technical progress requires, and is directly related to,
. an economic incentivea Those fields of endeavour w1th the highest expected
payoff'naturally receive,the most research effort.. This 1ncentive is equated
'.’the social;rate of return equal‘importance. To" date,these efforts have had
limited.succeSS, with public institutions and publlc sponsored programs
'undertaking the greatest part of such research. EVen the required directiond

of future research becomes clouded when commercial applications of what

. we already'knOW'are-delayed and'fought. As long as environmental management
does not share equal economic status with other act1v1ties, the 1ong-run
prospects for technical progress inathis area seem to indicate an.advance

‘thatvwilllbe‘less'thanithatxwhichxprevails in the eéomomy as a whole;

- Finallp, the‘behaviour,of pollutionfabatement.capital.costs.as

‘ firm-output (or plant scale)iincreases fequires consideration. Theore-

tically, these costs could increase, decrease, or remain constant.

 An adequate assessment of this relationshlp 1s beyond this

‘ research effort, 50 for simplic1ty, the scale factor was assumed to reflect o

constant costs.




- Final Model Choice

In order to‘prowide dat least a minimum consideration of the

_effects of technical progress on water use and treatment, provision was

o madé‘in the final capitalfcost algorithm for judgément,'tTo_accompliSh

this}:two simulation variables were added. _Oneireflected.possible changesg
in water use‘patterns.and average waste loadings. While not entirely ‘
unanbiguOUS, neither is the‘phenOmenon that is being measured. This variable
affected the relatlonship between the pollution capital stock and output

Specifically, ‘the stock—output relationship in equations (1) and (3) was

modified to account for possible changes in water use and waste loads.

AThis_con51deration.resulted in a new expre3510n for (l) and (3), as folloWs:‘j

_ ITMIOL = STOCK1, , * (———t - CHWFAo) + DEP * STOCKlt 1 - STOCKl,_, = (6)

RDPt 1

~ where the simulation;Variable CHWFAC_represents_an'annual percentage fall

Arise) in'average'water use and/or average waste load. This annual value

is obtained by interpolating a. decoy (growth) rate between the ‘two end points
of the forecast horlzon The base year represents the valueuoneghundred, and
the'other end point~takes‘thejsimulation value;ebe it lower,or higher than -

the base year value. The same variable is inserted into equation (3) for

ITMIO3 in- the identical place,

The secorid simulation variable attempts to capture.the changing

efficiency of capital investment. Here;bthis'is represented_byrlowering (raising)
__the‘required*eXpenditure_by a suitable percentage/faCtor.l To accomplish this,

‘the right-hand side of (6), with thie exception of the last term, STOCKl, ;, is
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' multiplied by the’ variable EFF$01 For  example, if capital.is assumed
to grow in efficiency by two percent per year, the value of EFF$01 would
be .98. | |

Asunoted, it is realiced that this_method;of'trestiné‘techniceli
'progress‘is'notvwery.sophisticated{‘ Howewer;_it ishnecessery to_consider"‘
this ‘phenomenon somehow,,and;thelapproach taken here at leestfcaptures the.

basic essence of the problem.

‘Municipal Treatment

'.Introdcction

The modelling of municipal waste-water systeims was facilitated .

. by the relative simplicity.of'understanding and a.relatively well developed
dnderstood'-and‘standard'technOIGgy While there" is still a great deal of

- progress to be made in this area, enough is. known to make p0551b1e a fairly

'simple and accurate representation of the real wor1d3 The model of invest-

‘tient spending.developed here focused only on thelproyision of residential waste

treatment plants;.snd did not consider_accompenying'eioenditure on sewagei
collection snd.ontlays'on drainage'systems (stormvsewers).ﬂ Nor was
'Zprovisionbfor treatment of industrialvwaste flows eonsidered These‘omiSSions
-were not dismissed lightly since they: form a substantial, 1f not maJor,l
portion of'outlays on overall: sewage treatment.‘ However, the lack of essential:
X information at the appropriate time“led to the decision to proCeed with.what
‘was availablef.'lf it‘is desired invthe_future,;theSe‘shortcoming3~coold be L

- considered and rectified to whatever'extent.possible; In the interim; it'is‘



possibleito useba judgemental-ruleaofbthumb concerning the relation
between'sewage treatment.plants and'the other capital'outlays mentioned.
The industrial waste flow problem is not so’ simple, and w111 simply have
to be kept in mind. One further caveat concerns the omission of operating
, nd maintenance costs associated with municipal sewage systems. Again,

problems of data availability,‘comparability, and reliabllity, as well as -

timeliness, prompted the foregoing'of_this-coSt.consideration,

.The ConceptualfModel

In the real world, the construction (supply) of ‘sewage treat-
ment plants is carried out in discrete, '1umpy steps and is usually of
sufficient-s1ze~to provide services for estimated'demands Ofrtwenty'yearsv
or more into.the future. While,for the urban population-at,leaSt, sewage
collection‘systems are now a prerequisite for new development, the:‘
matching of sewage treatment capacity (supply) with the demand for
that capac1ty is not always accomplished At a given p01nt;in time,v
-_some areaS'might havezexcess capacity, while others have a’substantial
portion‘of their waste—water-returned to nature3with.no form ofltreat—
_ment:whatsoeyer. Fiscal constraints and different government priorities
::and»plans are among several factors determining the actual outlays
made for sewage,treatmentbplants, Further, some municipal plants
treat industrial waste,-.As noted, these future needs were not’considered -
here. Rather, the present approach concentrated on the urban residéntial

" population.
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These problems, associated with'attempting‘to predict the.
,time path of actual outlays on- treatment plants suggested that an

alternative tact might be easier and more fruitful Therefore, sewage-

o treatment expenditures are estimated On.an'annual:basis'and are required

amounts, dependent on the assumed values of the variables that (in this

~model) determine sewage treatment requlrements.'

Thefset of equations determining-required capital outlays on
sewage treatment systems are simple, straightforward accounting relations.‘
Current 1nstitutional and technological considerations governing the
design -and configuration of treatment plants have a long history and are
relatively rigid in- appllcation. Plant capacity is: invariably specified |
in terms of the number of gallons of waste-water that can be processed each
day.' For the purposes of this study, the only other 81gn1ficant des1gn
'speciflcation concerns’ the extent ‘to which the waste-water is processed.
These spec1fications are commonly grouped into three categories. primary,
secondary, and tertiary or advanced Note that these categories do not

"designate. unique methods of treatment. As one advances from primary to

tertiary methods,there is an increasing number of technological configurations

‘or. sophlsticatlons within each method-type. While the primary and secondary
methods used in the study basin and considered for modelling purposes pre—',
'sented few problems, tertiary methods encompassed a fairly wide array of

technical ch01ce.
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