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CHAPTER 1: INTRODUCTION AND SUMMARY

CONSAD Research Corporation has developed and demonstrated

a Regional Economic Model for the assessment of the effects of air

pollution abatement. * This model is operational and policy oriented and

~attempts to describe the economic system-wide effects of specific air

pdllution strategies in 91 major metropolitan areas in tﬁe United States.,
Essentially, the model is a cross-sectional Keynesian-type

regional macro model that describe-s in considerable detail, the

two-digit SIC manufacturing industriels, viewed as leading regional

gconomic growth. The Keynesian system and economic base theory

are integrated in the regional income determination block of the

model that describes regional personal income, consumption ex-

penditures and local government expenditures and revenues. In

addition, there is a regionél labor market block, that specifies

t'.he employment, unemployment and labor force equations. Finally,

¥ CONSAD Research Corporation, An Economic Model
System for the Assessment of Effects of Air Pollution Abatement,

Development and Demonstration Phase, prepared for the Office

of Air Pollution, Environmental Protection Agency, May 15, 1971.



the model describes the regional .elect'ricity and fuel demand patterns
by the two-digit SIC industries. The regional model is hooked up to
a National Input—Outpuf Model (1963) via a Regional Share (location
quotient) matrix., The I-O system is intended to serve as an external
market for the regional economy and to measure the stru.ctural
change in the national eéonomy attendént on air pollution control in
the regions.

The regional model was estimated using 1967 data for the 91
largest Standard Metropolitan Stétistical Areas, using ordinary
least squares except for the incbme block for which two stage
least squareé was uséd.

The operationality of this model was demonstrated in the
effort described in May 1971, report. ‘In that demonstration, the
economic effects of the control costs associated with the reductions
in emissions required by Section 305(a) of the Clean Air Act of
1967 on the 91 SMSAs were simulated. Specifically, three strate-
gies reflecting the same control costs but different in their incidence
of these costs among industries, consumers and government were
simulated.

These simulation results suggested the need for further model
utiliéation experiments that would lead to a more'thorough utilization

of the model than was possible in the development and demonstration



phase. The r‘esulting model utilization effort, térmed Phase I, is
the theme of this report.

The Phase I model utilization effort has been structured into
a set of tasks.

The first task was addressed to a specification of air pollution
control implementation strategies that introduce a greater realism
to the model utilization and can lead to a more thorough exercise
of the model than was possible in the demonstration phase.

Realism is introduced in a variety of ways. First, the
standards and costs used in the strategies are the preliminary esti-
mates corresponding to the control impliéd by Clean Air Amendment
of 1970, provided by EPA. These estimates are termed as EPA cost
estimates in the rest of fhe report.

| Second, since control implementation would take place over
a period extending to 1975 or 1977, the simulation includes the
regional economies for the corresponding future years and the
incidence of control costs over time is assumed to be a ''step up"
function (with the greatest proportion of the investments occurring
closer to 1975 or 1977) rather than a uniform annual expenditure
over the period, as assumed in the demonstration simulation
May .15, 1971). Since the EPA administrator can extend the period

of implementation by two years under certain circumstances,



strategies can also differ by implementation periods. Fufther, the
economies of the AQCRs (Air Quality Control Regions) are likely to be
larger in 1973-1975 thaﬁ in 1967, and with a more realistic time scheme
of cost incidence as proposed here, the proposed strategies are likely
to be more realistic.

Third, a greater variety of schemes are tried in the strategies.
According to Wilson and Minnotte, * several existing federal and state
provisions act to reduce the cost to industry of air pollution. Included
here are the Federal Corporate Tax, depreciation allowances, invest-
ment credit and State and local tax' laws. These provisions give govefn-
ment assistance to industry amounting to as.much as 59% of cost, under
certain assumptions. The OAP mo'del parameters estimated in 1967 -
will reflect the assistance provided the firms in all industries actively
instituted control at that time. Thus, when a strategy calls for finan-
cial assistance, it implies additional cost sharing.

Fourth, alternative levels of ''net' benefits of air pollution con-
trol are assumed. The institution of air control will result in in-
cz;eases of productivity, property values, control device production
and decreases in health expenditures, housing maintenance, etc. The

* Richard D. Wilson and David W. Minriotte, "Government

Industry Cost Sharing of Air Pollution Control,' Journal of Air
Pollution Control Associjation, October, 1969, pp. 761-766.




level of increment of national final demand re suiting from such
changes is termed here as ''net" benefits. Estimates of ''net'" bene-
fits are hard to come by and two levels are assumed for the simu-
lation.

Six strategies are developed in the light of the above dimensions
-~ time period of implementation, cost sharing and level of net bene-
fits -~ for simulation with the OAP model. A sevenfh strategy, termed
as the ""mixed' strategy evolves out of the simulation and implemen-
tation of the above six.and is bgst described later.

The second task was essentially a quantification of the strategies
and updating of economic data in a manner to simulate Strategies such
as those developed in this study. Since the strategies assume the
implementation of Clean Air Amendments of 1970, the control costs
used are the EPA preliminary estimates reflecting the emission re-
duction levels deemed appropriate to meet Clean Air Amendments
air quality standards,

To facilitate the use of the model over the implementation
period, a number of future cross-sections of the regional economies,

were developed.for the 91 AQCRs using the OBE regional forecasts. *

o,

* U. S. Department of Commerce, Office of Business Econo-

mics, Economic Projections for Air Quality Control Regions, June,
1970.




The simulation procedures of the OAP Model were adopted to
accommodate the overtime and cumulation effects of the strategies
in Phase I.

The third task of the Phase I effect was to apply the model to
simulate and assess the economic consequences of the three
strategies.

As air pollution control requirements are instituted in the
nation, t1-1e consequent effects are incident differentially in the
various AQCRs. The primary purpose of regional economic model-
ing is to provide quantitative estimates of such differences among
the AQCRs in any particulér treatment (strategy) and among different
treatments.

The second purpose of the model is to provide information on .
such differences among regions and among strategies that is useful
to.determine irhplementation strategies. I'or example, it is
possible to argue that the '"perfect' strategy is one in which each
AQCR suffers the same degree of economic hardship. Exact measure-
ment of such a condition is impossible, since there is no single
measure of economic hardship. However, the use of this regional
model permits useful estimation of the degree of differences in the
treatment of AQCRs necessary to achieve some degree of uniformity

in the effects of implementation of pollution control requirements.



Evén, if spatial equity were not pursued as a major goal, the EPA
administrator has the option of extending implementation period by
two years under certain éircumstances. Other forms of targeted
assistance (differential cost sharing, etc.) are also possible. Conse-
quently, the regional model can be used to design and assess such
"mixed' implementation strategies (in which different AQCRs are
treated differently) by trial and error, so that some guidance may be
available to EPA officials to achieve some degree of equity among
AQCRs in control implementation.,

Thus, the effort to assess the economic effects air pollution
control strategies is guided by these two objectives. -

The aggregate, over time and geographic patterns of economic
effects in the 91 AQCRs are explored in the six strategies. The rea-

sons behind the geographic patterns of adverse economic effects such

as the locational factors, industrial structure and economic history are

explored in some depth. The resulting insights aré utilized in the de-
sign of a ''mixed' strategy that reduces the degree of economic adver-
sity of control (to an arbitrary level of 0.5% unemployment increase)
for all AQCRS; The search for a mixed strategy is then an effort to-

wards equity among AQCRs in the economic effects of implementation.

P e



TAhe fourth task is addressed to an exploration of the potential
for and the modifications necessary for the extension of the OAP model
to other media -- water and land -- of pollution. These extensions are
suggested in the light of the similarities and differences among air qual-
ity, water quality and solid waste practices and available data. The
modifications and extensions of the model are outlined in some detail.

The fifth task identifies the potential areas for model refinement
and extension prior to further application. These areas include elabor-
ation of £he public sector in the model and reestimation of the invest-

ment equations.



CHAPTER 2: IMPLEMENTATION STRATEGIES:

APPROACH AND SPECIFICATION

This chapter is directed to an identification of a set of air pollu-
tion control implementation strategies, which are plausible in the cur-
rent legislative and administrative context, and whose economic effects
can be assessed by the OAP Regional Economic Model. The implemen-
tation strategies will be designed to encompass the range of regulatory
and advisory responsibilities of EPA, * and be plausible under the con-
straints of administration, timing of impleméntation,‘ finance, manner
of attainment, etc.
The specification of an air pollution control implementation strat-

egy can be viewed usefully in three sequential steps:

The identification of the range of variables defining

the regulatory and advisory responsibilities of EPA

in implementing air pollution control,

The grouping of the above variables into a few key

concepts that define major dimensions of imple-

mentation strategies, and

The design of a number of implementation strategies

by assigning values to these dimensions in terms of

interest to EPA staff and specifiable with the data
available.

*The legislative and administrative context of these responsibil-
ities are derived from the Clean Air Amendments of 1970 and EPA,
"Requirements for Preparation, Adoption, -and Submittals of Imple-
mentation Plans, " Federal Register, August 14, 1971." ‘




The chapter opens with an identification of the range of strategic
variables that define thé responsibilities of EPA air pollution control,
It proceeds to a recognition of the key dimensions of implementation
strategies that encompass the strategic variables. Next, each of these
dimensions is explored in some depth. Finally, it presents a set of
implementation strategies designed in the light of the previous discus-
sion and data available for specifying strategies.

A. Legislative-Administrative Context
of Air Pollution Control

The legislative and aciministrative context of air pollution
control is largely dictated by the Clean Air Amendments of 1970,
They require the Administrator to adopt a str.ategy which provides
for: : R

adoption and implementation of national primary
ambient air quality standards,

. adoption and implementation of secondary ambient
air quality standards,

adoption and implementation of performance
standards for new sources,

. adoption and implementation of emission standards
for hazardous pollutants,

standards for vehicular emissions,

. adoption and implementation of standards for
aircraft emissions,

10
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regulation of motor fuels and additives,

support and conduct research and development
activities,

regulations for certification of eligibility for
rapid write-off under Tax Reform Law of 1969,

grants to state and local governments, and
regulation of fuels.

In addition to these generic strategic va.'riables for which EPA is
directly responsible, EPA retains an important advisory capacity in
many other métters:

advising. Treasury, Commerce, CEA, and CEQ
on matters pertaining to the economics of the

environment,

advising FPC on natural gas and electric power
policy,

advising AEC on nuclear power policy,
. advising Interior on coal and oil policy, and

. advising Corps of Engineers on effects of per-
mits to dump under the Refuse Act of 1899,

In particular, the National Ambient Air Quality Standards were
established within one month of enactment of the Clean Air Amend-
ments of 1970 for pollutants for which criteria had previously been
issued and are to be established simultaneously with issuance of cri-
teria documents in the future. Under this proviso, standards have al-

ready been established for sulfur oxides, particulates, carbon mon-

11



oxides, hydrocarbons, and photochemical oxidants. For:reach pollutant
for which standards are established, there will be a:primary ambient
air quality standard, set at a level of air q_uazl'ityaud,equateetorp;r'oteet~
public health, and a secondary ambient: air quality standard:to:elimin--
ate adverse effects on welfare.

Each state must submit to .EZPA. for approval an.implementation..
plan which provides for attainment of primary standards:within:three-
years of the data of approvel‘ of the plan.. Plans: must:also:provide:for.
attaining the generally more restrictive secondary standards.within
a reesonable time period. State plans: must provide: forremissions:
limitations on all sources together with timetables: for - compliance,
and provision for continuing monitoring and enforcement..
| If at the time of plan approval, it is: deemed.impossible to:bring
séecific sources into compliance within: three: years; the:Governors:
of affected states may request an extension. of the: deadline of up:to-
two years. If the Administrator is satisfied that the request:is:war=-
ranted and that all available interim measures: will.be. taken, such re--
qee sts may be granted. Governors nia;y'asl‘sso". request:deadline:exten--
sions if, as the deadline approaches, it:is: impossible for:plan require--
ments to be implemented and contim;te.d‘ non-compliance is. deemed:to

be in the higher national security or public health and welfare-interest.s

% Clean Air Amendment of 1970, Sec.. 109, Sec:112..

I2.
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Timing specified by law for standards promulgation and imple-
mentation planning specifies that final standards shall be designated
90 days after proposal, that states shall have nine months for implé-
mentation planning from the data of such final adoption, and that EPA
shall have four months from date of receipt to pass on a state's plan.

Given the complexity and the variety of strategic variables,
it is clear that the key concepts to group these variables are required
before implementation strategies cé.n be developed. The development
of four such organizing concepts or dimensions of implementation

strategies is the theme of the next section.
B. Dimensions of an Implementation Strategy

Four dimensions are recognized here as key to specification of
a strategy for simulation through the OAP Regional Economic Model.
They are:
Time scheme of implementation
Cost -- air quality standard relations
Abatement incentive schemes '
Treatment of benefits
1. Time Scheme of Implementation

It is clear that the three simulation runs in the Development and

Demonstration Phase* provided valuable insight into the spatial aspects

* CONSAD Research Corporation, op.cit., Volume I, May 15, 1971.

13



of economi»c impacts of air pollution control strategies. For example,
under Strategy 1 ("Industry Pays''), while the unemployment increase
aggregated over 91.AQCRs was 0.43, seven AQCRs exhibited more
than two percent increase and one as high as eight percént.

However, these strategies provided no clue to over-time imple-
mentation impacts of these strategies. The Clean Air Amendments of
1970 provide for a flexibility in the implementation of thé national
ambient air quality standards. Specifically, a two-year extension
the deadline can be approved by the EPA upon application by .a
governor.

EPA can either adapt a "'straight implementation' strategy which
requires all AQCRs to meet the standards by 1975, or an "extended
implementation'' strategy which giyes a two-year extension.

Thus, in assessing implementation strategies, over time impacts
are of as much interest as geogfaphic impacts. One criterbion that
may be used to grant extension of two years may be the degree of eco-.
nomic adversity likely to result from implementation. To facilitate
the assessment of such cases, it ﬁay be useful to consider a set of
"mixed implementation' strategies. Such strategies would give the
AQCRs that were seriously adversely affected ‘extended implementation

and other AQCRs straight or modified implementation time schemes.

14
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2. Cost-Standards Relations

One of the basic problems in specification of strategies is the
lack of information on the technical relations between standards and
corresponding estimates of costs to attain these standards. A survey
of available cost data shows that there are two major sources of con-
trol cost estimates: one is the 1970 305(a) Report which gives control
costs by AQCR by year from 1971 to 1975, This would permit a year-
by-year simulation based on the standards and cost estimates provided
in that report (a five-year average cost was used in the three trial
simulations reported in the May 15, 1971, report). The second source
will be the preliminary control cost estimates provided by EPA. The
cost estimates reported in this document reflect the standards implied
by the Clean Air Amendments of 1970 by major high emission indus-
t'riés at the national level.

Those total control costs consist of (1) investment cost, and (2)
annual cost. The former includes upgrading existing facilities and in-
stallation of equipment for new' sources, while the latter is the sum of
opAerating and maintenance costs, interest expenditufes and deprecia-
tion. For example, the over-time expenditure for the manufacturing
industry is given in Figure 2.1. In general, there will be consideraBle

investment expenditures in the second and third year of implementation

15
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Control Costs for the Manufacturing Industry
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given a three-year implementation period (1973-1975). Thus, if the
"extended implementation'' strategy were to be considered (1973-1977),
the expenditures in the second and third year may be "'stretched" for
selected industries for those AQCRs which show the most serious nega-
tive effects of implementation.

3. Abatement Incentive Schemes

After the specification of cost-standard relations, and the time
scheme of implementation, a major domain of strategy definition is .
the scheme of incentives to encourage abatement activities. ‘The in-
centives fall under two broad categories:

Cost sharing incentives, and
. Economic or profit motive incentives. *
Cost sharing incentives are provisions at the Federal, state,

and local level that subsidize industry's cost of controlling pollution.

*These incentives have been explored at length in a number of
articles, books, and reports. Some useful recent work is the fol-
lowing: (a) Gerhardt, Paul H., 'Incentives to Air Pollution Control, "
Law and Contemporary Problems, Vol. 33, No. 2, 1968; (b) Wilson,
Richard D., and Minnotte, David W., "Government Industry Cost
Sharing for Air Pollution Control, '" Journal of Air Pollution Control
Association, Vol. 19, October, 1969; (c) Institute of Public Adminis-
tration, Government Approaches to Air Pollution Control, prepared
for OAP, EPA, July 15, 1971; and (d) ABT .Associates, ''Incentives
to Industry for Water Pollution Control, ' A report to FWPCA,
Washington, D.C., 1967. :

17



Economic incentives are financial measures that provide decisive in-
ducements for at least some firms to apply techniques for the control
ofa@ir pollution. For these firms, pollution control should be at least
as:profitable as other possible investments. Both types of incentives
can be and often are used in conjunction.
a. Cost-Sharing Incentives
The defining characteri_stic of cost-sharing schemes is that high
emission industries share the' cost of pollﬁtion control partly with
other sectors. Exalrnples are:
. Rapid write-offs
. Investment tax credits
Tax exemptions

Loans and loan guarantees
Grants

Rapid write-offs, also known as accelerated depreciation, are
permitted by the Internal Revenue to recover the cost of éapital. When
firms use accelerated rather than straightline depreciation for tax
purposes, the difference in tax liability acts as an interest-free loan
to'the firm installing control equipment. Rapid write-offs are avail-
able at the Federal and state level. In general, this scheme favors
larger and more profitable firms, though the associated paper and
administrative work is quite considerable.

Investment tax credits are offered to offset the expenditures on

control equipment. These can be subtracted from either taxes or gross

18



‘revenues. Tax credit laws have béen changed more frequently than de-

preciation (e.g., 7 percent tax credit for investment available up to
October, 1966, repealed, reinstated in 1967 and repealed again in
1969 and being reinstated in 1971). Tax credits, consequently, typi-
cally provide only temporary incentives to the extent that repeal of tax
credits is foreseen. They act as an incentive to make expenditures
earlier than would otherwise be the case.

Exemptions are available for equipment from personal income
taxes, property taxes, sales and excise taxes, or some combination
therefore are available for pollution control equipment. However, the
extent to which the éverall effect of these provisions would reduce the
cost of pollution equipment appears to be quite limited.*

Government loans and loan guarantees make funds available at
subsidized interest rates and borrowing eé,sier by providing funds to
firms that do not have ahy easy access to commercial lending sources.
This will appeal more to the marginal firm than to a firm with a good
financial situation. To the governrngnt, costs are largely administra-
tive and risk insurance.

Grants are available for planning and demonistration purposes to

localities and governments.

* See Institute of Public Adminstration, op. cit.

19



All of the above cost sharing methods tend to have the following
faults and advantages in common. The major emphasis is on capital
expansion for pollution abatement, when, in many cases, changes in
operations or basic production processes would greatly decrease the
quantity of emissions and therefore costs incurred by the firms. In
essence, without carefully controlled research, these types of incen-
tives would jeopardize an efficient allocation of control resources.
Also, these incentives do not encourage cooperation among various
firms in-the same air shed area, which could lead to economies of
scale in certain control areas and an increase in knowledge about con-
trol techniques. Lastly, all of these policies have hidden government
revenue losses. Since most control equipment will not bring about
future income ﬁor the firms, the government will not be able to recu-
perate losses by taxing the revenues from the investments. However,
the government will be able to tax the profits of the Air Pollution
Countrol Equipment Industry.

There are, however, two major advantages of cost sharing in-
centives. First, the administration of all the policies can be handled
through existing structures, thereby gre‘atly decreasing administrative
costs and allowing more of the funds to filter down to the firms. Sec-
ondly, this method allows fqr diffe-rential levels of incentives for dif-

ferent firms and/or incentives. Cost sharing incentives could be used
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to encourage spreading the costs: of co.ntrol over broader: time periods:
by encouraging control in one industry or area: at a: time.. F.-”or;'iﬁstance,
heavy polluters might be encouraged very rapidly to:invest:in.control’
methods while lighter polluters would not:be e.nc-:oura'g._ed:‘.until closer:to-
fhe deadline in 1977. Hopefully, this would.keep:prices:ofcontrol’'in=-
puts down by allewing resources to be: channeled.to the:developme ﬁtyof:
specific types of control te chn'oilogy‘..

b. Economic or Profit Motive: Incentives:

Economic incentives provide the: neceswsary profit'motive inin--
fluencing the actions of industry.. Unlike: cost: sharing: schemes; there.is:
no need for supi)leme ntal inducements.

Economic incentives can be: cl'a;s-ts;iﬁ‘e d into: two broad.categories:*

. Those based on surrogates for pollution,.e-. g.,
a tax on sulfur content of power plant fuels:
serving as a substitute for a tax.on.pollution:
itself. Other examples: subsidies; tax:on.
lead, tax on electricity, etc..

. Those based on emissions per se, e.g., a
system of emission. charges.

Emission reduction subsidies are an:example: of surrogate type

and are payments made to polluters: who have: decreased:the:amount of :

* See IPA, op.cit., p..7-4..
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emissions from their firms, according to the actual amount of the de-
crease. Such a policy is expensive apd allows the total cost of ;:leaning
the air to fall on the public.

Taxes on sulfur content of power plant fuels are considered to be
relatively easier to administer than charges based on emissions. Such
taxes require taxes to be based on inputs whose sulfur content levels
are easier to measure than emission level measurement required in
the previous case. *

An excellent example of the émission category of inc;entives is
the emission charges or the pollution tax. The process involves a
firm being fined or taxed on the amount of pollutant it emits. In
theory, the firm will reduce pollution to the point where marginal
abatement costs are equal to or less thé.n the marginal emission tax
rate.

The emissions charge cor;sists of ascertaining the pollution
potential fgr a firm (maximum), and then, by determining the actual
levels of emissions from the operations of the firm, and calculating
actu;al emissions based on the level of operations of the firm. Once
this is accomplished, a ch;rge can be levied against the firm. To
clarify this idea, suppose there exists a tax on sulfur emissions.
Studies could ascertain the amount of -potential sulfur emissions from

* Fo'r a detailed discussion 6f t;hese points, see, Robert M. Solow,

"The Economist's Approach to Pollution and Its Control, " Science,
Volume 173, August 6, 1971. ‘
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a fuel used in the production process. At fhe end of a stated éeriod

of time, the amount of fuel consumed could be recorded and the .amount
of sulfur emissions by the firm determined, and the appropriate fine
carried out. If, however, there exists some fofm of pollution control,
the efficiency of the device could be measured and, again, based on
this and the amount of fuel used, the quantity of sulfur emitted could

be estimated.

A specific incentive strategy may include some combinatién of
emission charges, tax credit or rapid write-offs for control devices.
Each such combination will suggest a particular cost sharing scheme
or distribution of incidence among consumers, producers and the public
sector. Any given cost sharing _scheme will greatly affect the pattern’
of economic impacts among different AQCRs.

Whatever cannot be passed on must be shared between those in-
dustries and government. It has been estimated that the government as-
sistance to the industries through accelerated depreciation investment,
tax credits, government loans, direct and in the form of grants and
technical assistance, etc., amounts to as much as 59 percent of the
cost of air pollution. *

* Wilson, Richard D., and David W. Miﬁnotte, op.cit., reported

that 59 percent percent of the control cost was shared by different levels
of the government.
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Wilson and Minnotte indicate that existing federal and state
provisions act to share the cost of air pollution control to industry. .
These include federal corporate income tax, depreciation allowanées,
inve.stment credits, Small Business Administration loans, Economic
Development Administration, and state tax laws. Maximally, these
provisions share as much as 59 percent of the cost. Thése estimates
include 53. 6 percent as a result of reduced tax liabilities associated
with cash expenses, depreciation allowances, and investment credits,
five percent of sta'te income taxes and exemptions. The 59 percent shar-
ing of pollution costs with government is available to profitable firms;
while marginal firms do not enjoy the benefit. Further, the cost shar-
ing is available only to firms that control pollution. ’

The OAP regional model was estimated using 1967 data. The
médél parameters would reflect this level of cost sharing provided the
firms in all industries actively instituted control at that time. Thus i.t
is possible to state that when control is instituted (say under strategy 1
below) as much as 59 percent cost sharing is available to industries.
However, in view of the caveats in the Wilson-Minnotte paper, this
level may overstate the level of government assistance.

When a simulation strategy calls for government financial as-

sistance, that would be viewed as additional cost sharing.
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4, Treatmént of Benefits

In any region, air pollution damages will Be considerably reduced
with a corresponding improvement of air q.uality. These '"benefits"'
from air pollution control are somewhat harder to quantify, compared
to the costs of control.

In general, the damages of air pollution are external to market
transaction and, thus, have no ''prices' that can be identified in the
market system of a given economy. Therefore, most of the damage
estimates must be based on some statistical relations between the level
of pollution and changes in property values, health expenditures, and
the like. Some types of benefits (such as the quality of life) are 'clear-
.ly beyond the scope of proper measurement at this time.

With such difficulties, some reliable estimates of benefits are
very limited. In particular, the technical relations between the 1evei
of air quality, and the corresponding changes of damages are almost
non-existent. This is an area crying out. for further empirical studies.

A long-term health cost study is currently underway on Community Health
Environment Surveillance System (CHESS) which uses survey methods

to relate socio-economic variables to the estimated health costs in
selected communities over the nation. * In some limited AQCRs, changes

* Estimating Health Costs Attributed to Air Pollution, Depart-
ment of Health, Education and Welfare, Mimeo, 1971.
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of broperty values related to air quality have been reported. However,
such estimates are unavailable for most of the AQCRs. Besides health
expenditures and propert~y values, other types of damages, such as
extra buildings and household maintenance costs, productivity losses,
damages to plants and animals, inefficiency in the economy caused by
delays, accidents, etc., need to be estimated.

A Status Report by Barrett and Waddell* covers the estimates of
damages on health, material, vegetation, soil, animals, aesthetics,
property values, etc. A total of $16. llbillion was reported for the
United States by a survey of 36 studies related to the air pollution
damages.

Two points need to be made about the Barrett-Waddell report. '
First, the relations between "'standards' and '"'damages'' estimated étill
remains unclear. These estimates by each AQCR are non-existent.

Second, it must be stressed that some types of expenditures car-
ried out when air quality was lower will not take pléce after improve-
ment in air quality. For example, reduced expenditures on laundry
result in an effective increase in income to the consumer, but reduce
income to the 1éundry industry. In order to model the;e phenomena
detailed estimates of consumer behavior patterns would be required.

% Barrett, Larry B., and Thomas E. Waddell, The Cost of Air

Pollution Damages: A Status Report, Environmental Protection Agency,:
July, 1970. ‘

26



e W SR ETI K 7 AL aw A mk a R FPESENCLF S T T T TR T AN SE L L Tl e vree e S s = e ame iy L

At the present stage, it is possible to use only ''net' benefits,
which may be thought of as the increment in national final demand due
to air pollution control. The different levels of '"'net' benefits assumed

here are different levels of increment in national final demand.
C. The Alternative Strategies

Given the general discussion of the dimensions described for

each specific strategy in the previous section, a list of alternative

strategies can be designed as follows.

1. Straight Implementation 1973-75,
Without Additional Government
Financial Assistance
This strategy requires implementation of the standards specified
by the Clean Air Amendments of 1970 by 1975. It is assumed that the
actual period of implementation will be 1973-1975. This is because
states are expected to get their implementation approval and regulation
in force only by the end of fiscal year 1972. No additicnal governmental

financial assistance than what is implicit in the existing tax structure

is provided.
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2. Extended Implementation 1973-1977,
Without Government Financial Assistance

This strategy is the same as strategy 1 except that it allows all
AQCRs to extend the target year to 1977, as the maximum extension
permitted by the law, without any financial assistance from the govern-
ment.

3. Straight Implementation 1973-1975, With
59% of Government Financial Assistance

This strategy has a fixed target of 1975. However, 59 percent
additional of control costs will be borne by the government.

4, Extended Implementation 1973-1977, with
59% of Government Financial Assistance

This is the same as strategy 2 except that the government will
share an additional 59 percent part of the control costs.
In the above four alternative strategies, a $10 billion net
benefit over the entire implementation period is assumed. In order to
test a different level of benefits, two additional str.ategies were included
with a $15 net billion benefit.
5. Straight Implementation 1973-1975,
Without Government Financial Assistance
and Benefit = $15 Billion
This strategy is equivalent to strategy 1, except that the level

of net benefits has been changed from $10 billion to 15 billion.



6. Extended Implementation 1973-1977, With
59% of Additional Government Financial
Assistance and Benefit = $15 billion
This strategy is equivalent to Strategy 4, except that the level of
net benefits has been changed from $10 billion to 15 billion.
7. "Mixed" Implementation Strategy
For a selective number of AQCRs, a two-year extension will be
permittéd, although othier AQCRs will be required to meet the standards
by 1975, and this strategy can be specified with or without government
financial assistance. This strategy wili be specified* after analysis of
the simulation results of previous strategies in order to identify a set
of selected AQCRs with different implementation requirements.

The above listed strategies can be identified through the use of

the following table.

*  See Chapter 4.
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A Summary Table of Seven Alternative Strategies

Level of Add. Govern. Financial

Alternative Target Year Level of Benefits Asst. (% of Control Cost)
Strategies
1975 1977 $10 billion [$15 billion | Without 59% 75%
Strategy 1 X x X
Strategy 2 x X X
Strategy 3 x x x
Strategy 4 X x x
Strategy 5 x P X
Strategy 6 x X X
Strategy 7% (mixed) x (mixed)
L

*As the result of simulation analysis, 58 AQCRs will be under Strategy 1.

A total of 13 AQCRs will be

permitted to have two-year extensions and, in addition, 14 AQCRs will receive 59 percent additional

government financial assistance, 4 AQCRs will be permitted to have both two-year extensions and 59%
of additional government financial assistance, and finally, 2 AQCRs will receive 75 percent of govern-
ment cost sharing of the control costs (detailed in Chapter 4).

e TH

i e g



~ e e e et YT 4t A T R M 1t b, LA BT U M e CAAS N Wt a5 1 28 a0, ki, TRy -

h

CHAPTER 3: CONTROL COSTS AND ECONOMIC PROJECTIONS

This chapter is addressed to the assembly of data on control costs
corresponding.to the Clean Air Amendments of 1970 and regional econo-
mies in 91 AQCRs in a manner that would permit the simulation over

time of the seven strategies specified in the last chapter.
A. Control Cost Estimates _

The preliminary cost estimates provided by EPA reflect that the
national ambient air quality standards are equivalent to the emission
reductions as shown in Tabile 3.1. This table shows percentage re-
duction of emissions by major source categories, while Table 3.2
gives emission reduction by major industries. Five major pollutants;
particulates, oxides of sulfur, carbon monoxide, _hydrocarbons, and
oxi&es of nitrogen, are included

‘Control cost estimates, as shown in Table 3. 3, summarize costs
of control for major sources. The total investment costs are the neces-
sary investment requirement th'rough the implementation years under the
assumption that' the standards established under the Clean Air Amend-

ment of 1970 Act will be fully implemented. Annual costs are the sum
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Table 3.1: National Emission Reductions by Major Source Categories
which Reflect the National Ambient Air Quality
Standards of Clean Air Amendments of 1970

: Emission
Pollutant '] Source Category ' : Decrease (%)
Particulates solid waste 97.6
stationary combustion 94.6
industrial process - 91.1
Sulfur oxides stationary combustion 88. 4
_ industrial process 90.7
Hydrocarbons solid waste 90.7
industrial process 97.4
Carbon -solid waste 95.0
monoxide industrial process 98.0
Nitrogen industrial process 89.1
oxides

Source: Estimates of control costs provided by EPA.
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Table 3.2: National Percentage Reduction of Industrial
Process Emission by Industry by Pollutant
SIC |Industry Part. {SO, HC CO NO,
Asphalt batching 85.8
Cement 92.8
Coal Cleaning 97.3
Grain 93.2
Handling 193.1
Milling 93.9
Gray Iron 88.5 93.9
Iron and Steel 96. 1
Kraft Pulp 87.3
Lime 94.7
Nitric Acid 89.1
Petroleum 74.2 | 96, 97.4 | 99.5
Products & Storage 55.8
Refining 74.2 | 96. 97.5 | 99.5
Phosphate 53.7
Primary Copper 88.
Primary Lead 86.
Primary Zinc 33.3 73.
Primary Aluminum 81.4
Secondary Non-ferrous |82.9
Sulfuric acid 87.4 |81.
All Industries 91.1 90. 97.4 | 98.0 | 89.1

Source: Estimates of control costs provided by EPA.
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Tablé 3:3: Estimates of Control Costs Provided by EPA

Source:Categories -

Total Invest-
ment Require-

Annual Cost
with 100% of

Industries: SIC | ment ($ mil.) | capitalization
_ ($ mil.)
Grain. Milling and Handling.: 2042 414 87
Kraft Pulp: 2611 38.3 14.7
Nitric Acid: 50 11
Sulfuric:Acid 2819 147 34.6
Phosphate 2871 31 15
Petroleum Refining and.: ,

Storage- ' 2911 478 44
Asphalt -Batching - 2951 154 33
Portland:Cement. 3241 89 24
Lime 3274 28.7 7.2°
Gray Iron Foundries : 3321 282 85
Steel 3323 829 353 .
Primary Copper- 3331 266.4 77.4
Primary Lead 3332 65 15. 6
Primary Zinc 3333 40,7 17.7
Primary Aluminum. 3334 223.3 75.8
Secondary Non-ferrous :

metals: 3341 - 31.6 9.3
Stational combusion®

Electric :Power: 3960 960

Other: 897 1145
Solid Waste 309 196




of operating and maintenance costs, interest expenditures, and deprecia-
tion for the year, assuming 100% of capitalization of control equipment.

Given a specified time scheme of implementation, the total

investment requirement is likely to be distributed over time. Given

a three-year implementation from 1973-75, it is likely that annual invest-
ment expenditures on control equipment will be a "step-up”'function.

That is, to say, a greater proportion of the investment will take place

in year 1975. For any given straight implementation strategy, it is
assumed that time scheme of investments will be distributed as follows.

Implementation Year 1973 1974 1975
% of Total Investment . 15 35 50

With installations of control facilities, the annual operational cost is as-
sumed to be parallel to the accumulation of the investment. If for the
target year, 1975, annual operational cost is 100, then the index of annual
operating cost d\-1ring the implementation period will be:

Implementation Year 1973 1974 1975
Index of Annual Cost 15 50 100

On the other hand, for the two-year extended implementation of five
years from 1973 to 1977, it is assumed that the weight of investment

will be shifted to the later years, as follows:
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Implementation Year 1973 1974 1975 1976 1977
% of Total Investment 5 10 35 40 10

and the corresponding annual operating cost index can be given as:

Implementation Year 1973 1974 1975 1976 1977
Index of Annual Cost 5 15 50 90 100

Given the above time scheme of the control cost distribution, the year-
by-year cost estimates for l?oth straight implementation by 1975 and two-
year extended implementation by 1977 were obtained. |

Furthermore, control cost by AQCR by industry was obtained by a
step-by-step estimation of production capacity of each industry in each
AQCR, electricity used by industry and consumption by AQCR. *

Tables 3.4 and 3.5 show tﬁe estimated cost for straight implemen-
tation (1973-75) and extended implementation (1973-77) by major cate-

gories.,

B. Benefit Estimates

As part of the strategy specification, benefits levels of $10 billion
and $15 billion were used to measure overall damages recovered from

a cleaner air after the implementation of a given strategy.

. * Industry control costs by AQCR were estimated by use of 2 to
4 digit SIC categories. A detailed list of cost estimates are included

in the Program RMS with users manual (See Volume II: Revised User's
Manual). S ' ‘
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Table 3.4:

Control Cost Estimates of 91 AQCR"S

Under Straight Implementation by 1975

($ millions)

Annual Other Stationary Annual
Industry .
Cost _| Combustion Cost
Investment Annual Electric Investment| Annual Solid
Year Cost Cost Power Cost Cost Waste
1973 277.1 81.1 64.9 78.9 100. 7 20.1
1974 646.5 270.3 . 212.1} 184. 0 23355 66.9
1975 923.6 540.6 415.9 262..8- .671.0 | 133.8




8¢

Table 3.5: Control Cost Estimates of 91 AQGR's
Under Two-Year Extended Implemen-
tation by 1977 ($ millions)

Industry Annual Other Stationary Annual
Cost Combustion Cost
Investment  Annual Electric Investment| Annual Solid
Year Cost Cost Power Cost Cost Waste
1973 92.4 27.0 21.6 26.8 33.5 6.7
1974 184.7 81.1 63.6 52.6 100.6 20.1
1975 646.5 270.3 208.2 184. 0 335.5 66.9
1976 738.9 486.5 366.5 210.3 603.9 120. 4
1977 184.7 6 52.6 671.0

540. 6

397.

133.8
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It is argued that time scheme of annual benefits is likely to be
linked to the schedule of control implementation and some time lags
do exist between the stag.e of control and receipt of benefit.

For the current simulation study, annual benefit has been intro-
duced parallel to the accumulation of control facilities with one-year
time lag as shown in Figure 3. 1.

For straight implementation the following index was used to
distribute total benefit during the implementation period.

Implementation Year 1973 1974 1975
Index of annual benefits 0 15 50

For two-year extended implementation the index is:

Implementation Year 1973 1974 1975 1976 1977
Index of annual benefits 0 5 15 50 90

Both $10 billion and $15 billion of benefits were distributed

using the above index for corresponding strategies.

C. Economic Projections:

Given the nature of a cross-sectional estimation pf the current
model, projections of economic data in the future years are as impor-
-tant as controi inputs preparation.

The OAP Regional Economic Model was estimated from 1967

economic data. For the present simulation study of the economic im-

pact of alternative strategies for year 1973 through 1977, the E.)conomic‘ '
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Figure 3.1: Cost and Benefit Distribution
Over Implementation Period
1973-1977
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Projections for Air Quality Control Regions was used to provide the

projection of economic data for each AQCR in the future years.*

This OBE projection was provided through the use of the trend
projection similar to the Kuznets study. %

For each AQCR, 1967 data were used as base year data, which is
consistent with data base of the OAP model. Then the growth rates by
industry by AQCR were provided for years 1970, 1975 and 1980. Econo-
mic data between the above projection years were estimated with linear
interpolation methods as shown in Figure 3. 2. sk

% U. S. Department of Commerce, Office of Business Economics,
Regional Economics Division, Economic Projections for Air Quality
Control Regions, a report to the National Air Pollution Administration,
June, 1970.

*% Simon Kuznets, '"Concepts and Assumptions in Long-Term
Projections of National Products, ' Studies in Income and Wealth,

Volume 16, 1954,
sk Let:

y = base year (1967) data

Ve = economic projection of year t-
a; = growth rate at year 1970

ap = growth rate at year 1975

a3 = growth rate at year 1980

t = 1971, ..., 1980

Then the economic projection for year 1971 to 1975 will be:

az-al
Ve = v, (1+a)) [—g,——(t-mﬂ £=71, .., 75

For year 1976 and 1977 will be,
3 - az) |
Yt = yo (1 + al)[(l + (a2 - al))(l + — (t-75»] t =76, 77
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Figure 3.2: Example of Economic Projection
with OBE Estimates
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However, the OBE economic projection only covered 53 AQCRs of the
91 AQCRs under study. Therefore, for the remaining 38 AQCRs, the
United States growth rate by industry provided in the same OBE report

were applied to the 1967 data.
D. Note on Simulation of Strategies*

Every economic model represents a simplification of economic
phenomena as dictated by the requirements of the users. When the
model is later used for policy simulation, it is important to explore
carefully the theoretical implications of a given policy to be simulated
with this model. **

This section describes the manner of introduction of a control .
strategy into the model and the theoretical rationale for doing so.

1. Overall Impacts of Air Pollution Control

Essentially, implementation of air pollution control strategies
will result in a resource allocations between different economic sec-
tors and hence a geographic redistribution of the economic activities
across the nation.

* This section is an elaboration of the discussion provided by
CONSAD's May 156, 1971, report.

*% An example of policy simulation with large scale econometric

model see Fromm, G. and P. Taubman, Policy Simulations with an
Econometric Model, the Brookings Institute, 1968.
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Part of labor and capital must be devoted to the improvement of
air quality without any output to show for it. The additional expendi-
tures for control equipme-nt and corresponding increased operational
costs to the high emission industries will, in general, result in in-
creases in the prices of such products. In such cases, substitutional
effects may result in reduced consumption of the products of high emis-
sion industries and increased consumption of products of low emission
industries.

Meanwhile, the demand for contr'ol equipment will generate a
series of new demands in the national economy. It may be also argued
that there will be a significant shift of the health and service expendi-

,tures related to air pollution damages to other consumption sectors
as suggested in many damage studies. *

This chapge in the demand for different goods and services will
alter the national production of each industry. Since the geographic
concentration of indust?ies influences the distributi-on of cities and the
industrial belt of the United States, structure changes of the national
economy will, if large, have a profound effect on the regional economies
-across the nation. Ak

* Barrett, Larry, B. and Thomas E. Waddell, op. cit.

*% New York Times, December 14, 1971, page 35, "In Gary,

Clean Air Means No Job, ' points out that Gary faces a 41% unemploy- .
ment rate owing to the cutback of steel production.
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2, Interfegional Effects’

The OAP Economic Model System consists of two major
compo.nents, one with a l;ational input-output model tied with a
regional market share matrix, and one with a cross-sectional
regional model of 91 AQCRs.

The link provided between the regional model and the national
I-O model is best explained in the following manner: since the
regional model is a cross-sectional model with manufacturing
industries as export-oriented industri;as, demands fdr manufactur -
ing products remains to be determined at the national markets. At
this stage, in the absence of a time series national model with manu-
facturing industries specified in detail, the I-O model and the
regional share matrix serve to link the regions with the nation.

Some data on air pollution control impact are obtainable only
at the national level. For example, rough estimates on ''net'" benefits
accruable from air pollution control are available- only at the national
level. These estimates can be treated at the national level by the
I-O model and distributed through the regional share matrix to the
regions. Assuming an equilibrium economy, air pollutién control
costs will shift up supply curves of High emission industries (which

are manufacturing industries) and cut down the production levels of
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;such industries in each AQCR.* Since manufacturing industries are -
export-oriented, changes in regional manufacturing production will
generate a sequence of interregional effects and feedbacks from
other regions, including the 91 AQCRs under study and the rest of

| the Gl;iéed Sta-teé.. 'i'he 1-1;e of natiéﬁal I—O modél and regional market

share matrix as proposed here provides a reasonable simulation of

L f___ T'"'__—}'ﬁ"ésé"iﬁ'térfégional effects, % =" "7 S

% Price changes of high emission industries due to the
increase in production costs due to air pollution control were pro-
vided exogenously. See Comprehensive Study of Specified Air
Pollution Sources to Assess the Economic Effects of Air Quality
Standards, Research Triangle Institute, December, 1970,

T ... ..#% Another way to estimate such effects will be an aggregation
of changes in production by AQCRs as the estimates of changes in
demand at national level and then feedback to each AQCR through
I-O model and regional market share matrix. However, such an
operation faced some difficulty as experienced in the simulation
reported in May 15, 1971. " First, aggregation of 91 AQCRs in-
cludes only 60 percent of national manufacturing products. Second,
sndustrial data disclosure problems in-a number of AQCRs will
pose a problem to such aggregation.
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Given exogeneous information of percentage price 'change due to the
air pollution control, it is impossible to estimate how demand will
respond to the price changes without a full disclosure of demand and

supply relations at the national market, as shown in the following

fi'gur'e. T T )
Price
S
\\ / S,
AP /|
/ D
Quantity
Ao
Let:
A2 , AP
e = Q P
--——-- - - - where: : .- - L -

e is price elasticity of demand

AP 1is percentage change of price
P

AQ is percentage change of demand response to the price change

Q

47



Since it is not possible to estimate a set of price elasticities-
on 'regional cross-sectional data, unit price elasticity was assumed
for the simulation study. This is to say 1 percent of price change
will result in 1 percent change of demand (an acceptable assump-

tion for automobiles, but one that requires caution for other

industries).

3.7 "Control Costs and Manufacﬁtﬂn_‘i'i_lgjs;e'c':“té:r‘_i‘r’i_}_‘t'_u_é__Re_g_ion_al ’
A Model T S V

Control costé, both investment expenditure on control equip-
ment, and annual operational cost, are usually considered as
non-productive expenditures in addition to conventional productive
cost expenditures.

In general, ''gross profit" is defined as the difference between
total sales (lwhi.ch is value of shipments) minus cost of intermediate
and raw materials and wage bill.

M= X - 2M, - WB
. R S | -
where:

IIis gross profit

}.(is total product (values of shipment)

Mi's are raw materials and intermediate goods (Input)

WB 1s wage bill
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Undé‘r air pollution control, additionali operational costs to control
air pollution on production process will result in a further reduction
of the gross-profit.

n\* = X -zijMi-- WB - C_

e ‘H._'C; ’ T

where:

Il is gross profit with air pollution control*

C is additional operational cost due to air - e
pollution control

Co includes operational costs of control on industrial processes,
operation costs of industrial stationary combustion, and price in-
creases in the electricity due to a price increase in the electricity
(under an assumption that power industry is a monopoly in the
region). Other costs such as charges in industrial solid waste may
also add to the cost increase in the production due to an air pollution
control.

In addition to operationai costs which contribute to t_};eﬁéh;{l-gQés bbbbb )
in the "flow'' of gross profit, .investment expenditures on air pol-
lution control will alter the investment on the productive capital
étock accordingly. Moreover, changes in the gross-profit due to the
additional cost of production affects the investment behavior as well.

% All variables with an * in this section are estimates of endo-~
genous variables after control. ‘
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I = f(m)

I* = f(m¥) - G;

where:

Iis investment on the productive capital stock

I* is investment on the productive capital stock
with air pollution control

-—— - C_-is investment cost of air .pollution control-equipment _

I

Changes in the productive investment will lead to a change in

productive capital stock.

K, o= K, + 1 - dK

t t-1 t
* % *
= 4+ I* -
Kt Kt-l ¢ th

where:
‘Kt is total productive capital stock

K™ is total productive capital stock after
tair pollution control
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The Cobb-Douglas production function in the model assumes
constant returns to scale. * Outputs will change proportionally to
the production capital stock assuming that ratio between wage and

price of capital to be constant, *%

Isoquant and
Expansion path of
the Cobb-Douglas
Production
Function

Productive Capital

* Mathematically it is homogeneous function of degree one;
in other words, output will change proportionally to change in the
inputs. '

kIt seems to be reasonable to assume that wage and price of
capital are constants in a cross-sectional model (at a given time

D.



where:

V'is the output measured by value added

V#* is the output after air pollution control

Finally, changes in production level will lead to a change in

— s .. - employment.

by definition, is a fixed share of value added, then:

WB = 8V

WB*x = BV:{:

N* = WB*
W

where:

WB is wage bill of production worker

B is a labor share coefficient from a Cobb-Douglas

production function

N is number of production workers o

With a.Cobb-Douglas production function, wage bill, ___ __

W is wage rate

* implies the corresponding variables after
air pollution control
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Some overall assumptions need further remarks. The capital
and labor inputs for air pollution control were separated from pro-
ductive capacity in the model so that the estimated structure of produc-

tion functions remained the same. Furthermore, increases in

operational costs due to air pollution were not merely additional

labor and capital but include additional cost increase from its pur-

__V_g}iééiéj(fo'r“e."g'.",”p'riife increases in electricity and other fuels are -~ ——. -..

typical components of control costs).
4, Regional Income Block
In the regional income determination block, a simple Keynesian
model gives:“ |
Y = f£(V*, C, G)
C =f(Y)
G = f(T)

where:

Y is regional personal income - ——— - e

V#* is manufacturing production (value added) with air
pollution control

C is regional consumption
G is regional government expenditure

T is regional government revenue
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Besides, a decrease in manufacturing production of control
costs will have an impact on regional personal income. A price

| increase in electricity due to pollution control will cause a reduction

in real disposable income.

" Suppose: ) S e e s e

-Ay = Aq Q.

e _where:.

Aq is price change in residential use of electricity due to
air pollution control

Q. is total kilowatt-hours of residential use of electricity

Ay is total reduction of real disposable income

This change in real income also affects other variables in the
regional income determination. Further, it is plausible that changeé
in regional income rhay also affect regional government revenue, that:

T* = ¢ (Y¥*)

At the current stage of model development, T is considered to
be exogenous in the model. Therefore, changes of local government
revenue (T*) due to changes in regional personal income (Y*) are

merely a side calculation in the simulation study (when required as
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in Chapter 4). It is suggested in Chapter 6 that local government

revenue should be endogenous.
5. Labor Market Block

Regional employment in the sector other than manufacturing

wieme oo ....industries (N) is a simple function of difference between regional

personal income and a value added of manufacturing industries.

" And total regional employment is

N:}: = _];]'_::: + j_EN*

In the original estimation of the model based on 1967 data

- labor force supply function and regional unemployment were given

as:
L =f (N U)

U= L-N_ x 100
L

where L is regional labor force

U is regional unemployment rate ~ =~~~ T

However, since OBE trend pProjections of regional economic

data are used for future years 1973 through 1977. The OBE
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assumptions of 4% fixed regional unemployment rate are used for

the future years. Thus:
U = 4.00
L* = f(N¥*, U)

6. Electric Power Demand Block 7
In this simulation study it has been assumed that electric power

- -_.T“w—m-m‘_f%rtldus_'t‘?fis‘V?b_le to pass on the entire cost increase due to pollution - - ----eevee o

control as price increase to the users. o T e ST

In return, changes in production and consumption due to

pollution control strategy in the region will alter the demand for the

electricity.

where: . T s e m e e e e e e el el

Qi* is electricity demand of manufacturing industry, i with
pollution control

Qék is residential demand of electricity with pollution control

Q%* is electricity demand of industries other than manufacturing
industries with pollution control

Q* is total regional demand of electricity
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CHAPTER 4: ECONOMIC EFFECTS OF
SELECTED STRATEGIES

As air pollution control requirements are instituted in the nation,
the consequent effects are incident differentially in the various AQCRs.

The pi".i;nary—ptifpo's'eﬂbf regional economic modelling is to provide

quantitative estimates of such differences among the AQCRs in any

particular treatment (strategy) and among different treatments.

The second purpose of the model is to provide information on such
differences among regions and among strategies that is useful to de-

termine implementation strategies. For example, it is possible to

abrgt.ze that the ''perfect' strategy is one in which each AQCR suffers

the same degree of economic hardship. Exact measurement of such

a condition is impossible, since there is no single measure of economic
hardship. However, the use of this regional model permits useful es-

timation of the degree of differences in the treatment of AQCRs neces-

sary to achieve some degree of uniformity .inmthg effects of Emplex_’ngp_-
tation of pollution control requirements. Even, if spétial equity were
not pursued as a major .goal the EPA administrator has t_he option of
-extending implementation period by two years under certain circum-
stances. Other forms of targeted assistance (differential cost sharing,

etc.) are also possible. Consequently, the regional model can be used
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to design and assess such '"mixed'' implementation strategies (in
which different AQCRs are treated differently) by trial and error,
so that some guidance ma}} be available to EPA officials to achieve some

degree of equity among AQCRs in control implementation.

"This chapter is addressed to a description of the effort directed
to both of the above purposes of the OAP Regional Economic Model.

__First it opens with a brief des cription gf_‘i;hev f{gmework of analyses of

economic irﬁﬁéc'té_ and the rationale for the measures of impact of con-
trol used in this chapter. It proceeds to a comparative description of

the economic effects over time aggregated over 91 AQCRs under the
 alternative strategies. Next it provides a comparison of strategies in
terms of the geographic pattern of incidence of economic effects,
specifically, the geographic distribution of economic hardships. Next,

it relates the geographic patterns of -economic effects to the scale and
industrial coméosition, the locational factors and the economic history
of the regions. Finally, in thg light of these analyses, mixed strategies

of implementation that provide some equity among regions in terms of

economic hardship are designed and assessed.
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A. Measures of Economic Effects
of Implementation Strategies
All the strategies sirﬁulated assume the preliminary EPA esti-
mates and have, therefore, the same aggregate costs for 9i AQCRs
" over the implementation periods. However, they differ from one
another in the length of the implementation period, level of government

e—eiereceeeei. —.cost sharing with industry, and the level of benefits. . Thus, the geo- . .. . .

graéhié an.d” t1me in”c\iAdence of control costs var;r among AQCR; (apart
from their differences in terms of indﬁstrial composition). These
varying levels of control costs lead, in turn, th;‘ough the operation

" of the complex interrelationships of regional economies (as captured
by the OAP model) to a range of effects on high emission industries,
consumers, employment, tax payers, local government, and regiorié.l
growth.

The simulation of the strategies through the OAP model provides

a large number of measures of these economic effécfc_s (Figure 4. 1).
Figure 4.1 gives a sample output for Pittsburgh AQCR in the year 1975
under strategy 1. There is a list of variables and four columns of ou.t-
-puts. The first column--"'without control''--shows OBE economic pro-
jections without any air pollution control. The second column--"'with (T-1)"
--provides the projection of the variable> in column 1 with air pollul;ion

control to year T-1 (which is 1974) but before control is applied in 1975.
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Figure <. 1 : : '

THREE YEAR STRAIGHT IMPLEMENTATION 1973 - 1975
"WITHOUT GOVERNMENT FINANCIAL ASSISTANCE
BENEFIT = si0,0 BILLION

v g e

i
|
)
i
i
!
.
1

TOTAL NET EFFECT OF ALL CONTROL STRATEGIES PURSUED IN THIS RUN

FOR 1975 S ?

RESIDENTIAL CONSUMPTION

4054476

i
.|
b
(.
o

AQCR 8 PITTSBURGH, PA. ‘ Do
. : - WITHOUT . WITH NET PERCENT,
| CONTROL, (T-1) CHANGE CHANGE
MANUFACTURING INDUSTRIES . , ‘
: - b -
. ! | * i .

VALUE ADDED (MILLIONS) 46764738 4ugy,pe7 -149.256 -3.2583
PROFIT (MILLIONS) 17825225 1y14,343 “117.058 608322 |
INVESTMENT (MILLIONS) 438,380 349,670 -5k 298 -26.1108
CAPITAL STOCK (MILLIONS) 3679.000  yogq, 7z “52e695 ~Ze564y
EMPLOYMENT (1000 S) 309-%89 505167 ~10e2355 -3.4153

OTHER INDUSTRIES ; | | 7
"EMPLOYMENT (1000 S) g . 749434 748023 -1.523 -0+2035
. : : . ,
TOTAL PERSONAL INCOME FOR THE REGION (MILLIONS) 106049867  1g497.488 -164,4031 ~105633
REGIONAL -CONSUMPTION (MILLIONS): 632344973 62404145 -1Ubeb63 Cm1e7429
TOTAL REGIONAL EMPLOYMENT (1000 S) 1059.724  iUSlediz -11455% L -1s1374
REGIONAL UNEMPLOYMENT (PERCENT) 4,000 Heolb 1s0GEG 2345790
TOTAL LABOR FORCE (1000 S) 1103.879 11UZ.Z298 ~124429 -1e1275
GOVERNMENT REVENUE FROM THE REGION (MILLIONS) 733.778 12244588 -lee48l ~2e2E0F
‘ . [ \ : ’ .
: i i
ELECTRIC POWER DEMAND | n | \ |
. 1 .

. i . : . - -7 el ,
TOTAL ELECTRIC CONSUMPTION FOR THE REGION (10 M KWS) ~ 14764773  1452.78% fg'gfﬁ 2 gg:; ;
ELECTRICITY USED BY MANUFACTURING INDUSTRIES M KwH) 7104333 9:;';”3 SIS g°3~;q |
ELECTRICITY USED BY OTHER INDUSTRIES (10 M KWH) 360.,%64 j(,'bia _;'136 ,1'-;82 !

IN THE REGION (10 M. thiebe ’ The



It shows the cumulative effects of control through 1974 before control

of 1975. The third column shows ''net change'' of control in year 1975

and the last column shows 'percentage change of control in year 1975,

An assessment of these effects is best organized by identifying from

pose at hand.

“among this long list a few indicators of strategic importance to the pur-

The purpose at hand is:

To compare alternative strategies in terms of

3

v

.effects aggregated over 91 AQCRs,

"To design and assess mixed strategies that

To compare the alternative strategies in terms
of the degree of adverse effects in different
AQCRs,

To explore the geographic patterns of impacts
in terms of industries, regions, government
and communities, and

To describe the geographic patterns of these
effects in terms of the locational factors, in-
dustrial structure and economic histories of
these AQCRs. The objective of this specula=
tion is to identify to some degree the transi-
tional adjustment problems in severely
affected AQCRs.

provide some degree of equity among regions.

The measures that appear to be relevant f{rom these criteria for each

of the three major sectors in the regional economy are shown on the

following page.
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Sector : Measure

Manufacturing industries 1. Manufacturing production
! ' (Value-added)
! ' ) : ' 2. Manufacturing investments
} (for production)

| Regional economy 3. Regional personal income
e e i i e o e . .4, Unemployment rate
Government 5. Government revenue

The rest of this chapter interprets the results of the simulation of the

~various strategies in terms of these five measures.

B. Total Net Effects of Alternative Strategies

The 91 AQCRs included in the current study are the major metro-

politan areas of the United States. They account for 64 percent of the

| regional personal income, 56 percent of total labor force, and 60 per-
cent of the total manufacturing industries in the United States* In gén-
eral, these AQCRs have a lower than national average of agriculture

i and mining production but a higher than average of manufacturing, trans-

| portation, wholesale-retail trade, finance and service sectors. - -

This section presents the effects of the four major strategieé

aggregated over all these 91 AQCRs. A caveat is in order before these

* Personal income projections of the United States and regional
aggregatmn for the year 1967 and manufacturing production percentages
in 91 AQCRs is estimated from Census of Manufactures, 1967,
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91 AQCRs under six strategies described in Chapter 2.

effects are described and interpreted. The OAP model is a cross-
sectional regional model; its strength lies in description of geographi-
cal patterns; however, aggregate changes are less reliable.

Tables 4.1 to 4.6 provide the economic effects aggregated over
Several points are fairly evident when these tables are examined.

________ The economic effects under the different strategies

- e __are. sufficiently different to suggest that the regional
economies are sensitive to the differences in the
strategies. The different economic indicators move
in the same consistent direction among the strategies.

. Expectedly, the economic indicators of manufactur-

"~ ing sector (high emission) show the greatest range of
difference.on a percentage scale among the strate-
gies. The regional economy and government indica-
tors show a narrower range of variations.

Extension of the implementation period from three’

to five years in each case reduces the aggregate ad-
verse economic effects. This is to be expected in
view of the spread of control costs over a longer
period. Further, the regional economies of 1977 are
larger than those of 1375 and the control costs form
a smaller percentage of the aggregate regional econo-
mies.

. Strategies involving levels of cost sharing with high
emission industry that are higher than available
under existing legislation (i.e., over 59%) provide
additional relief.

. Economic adversity as measured by unemployment

rates is lessened in strategies assuming higher
levels of benefit.
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Aggregate Economic Effects on 91 AQCR's Measured by Five Key Var1ab1es

Three-Year Straight Implementation, 1973-75, Without |
Government Financial Assistance, Benefit = $15. 0 Billion

~!
Pl

+

f
i
|

t nder Stra egyl

1973 1974 1975
Manufacturing Production Without control . 189257.8 196005.0 202753.9
(value added, in $ million) With control 188863. 8 194607.5 199730.1
Percentage change*| -0.21 $-0.51 -0.78
Manufacturing Investment (in $ million) Without control i 1114031.2 | 14535.6 15041.4
With control \ 513637.2 13150.0 12099. 4
Percentage change |i-2.81 - -6.92 -11.08
Regional Personal Income (in $ Without control 564383.5 : 591054. 6 618190.5
millions) ' With control , 563891.9 |, 589317.8 614413.1
Percentage change [;-0.09 -0.21 -0.32
Unemployment Rate Without control - " 4.0 : 4.0 4.0
With control 4,084 . 4.281 4.509
Net change ;+0. 08 + +0.28 +0.51
Government Revenue (in $ rhillions) Without control . 80273. 6 50718.9 53038. 7"
. i With control . 148389.0 |, 50544.5 52659.3
.0.10 - -0.24 -0.37

1

Percentage change

% In Tables 4.1 to 4.6, this
percent change for a year
year.

entry is the annual percent change.

for . 197515 (0.21 +0.51 +0.78) = -1.50.

1
H

'
t
'

1
|
]
|
!
|
!
i

The cumulative
can be obtained by adding the given figures up to that

For example, the cumulative change in manufactunng production
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‘’able <. 2

Aggregate Economic Effects on 9. AQCR's Measurec >y Five Ke'y Variasles Uncer Strategy:2

Five-Year Extended Implementation Without Government Assistance

1973-1977, Benefit = $10. 0 Billion

!
'

+

1973 1974 19'_75 1976 1977
Manufacturing Production ' ;
(value added in $ millions) b )
Without control 189257. 8 196004. 8 , 202751, 8 211124.1 219497.5
With control 1189128. 8 195584. 6 1201332, 6 208372.4 215948.3
Percentage change 0.07 0.15 i 0.49 0.61 0.32
Do
Manufacturing Investment ° N '
(in $' millions) ‘ % '
Without control 14031.2 14535.3 | 15039.6 15667.4 16296.5
With control 13900.0 14119.3 ' 13638.4 12985.6 12934.1
Percentage change 0.94 1.94 | 6.65 8.60 4,24
Regional Personal Income f :
(in $ millions) i ;
Without control 564383.5 591054. 6. ; 618187.2 650558. 6 683462.2
With control 564218.1 590524.0 ; 616409. 8 647101. 6 678854.0
Percentage change ; 0.03 0.06 . :0.20 0.24 0. 14
Unemployment Rate : :
Without control : 4.0 4.0 L 4.0 4.0 4.0
With control 4.027 4.088 | 4,250 4.427 4.395
Net change i 0.027 0. 088 1 0.250 0.427 0.395
o
Government Revenue (in $ |
millions) : : s
Without control i 48438.4 50718.9 1 53038.4 55804.3 58615. 1
With control ’ 48421.8 50665. 6 - 52859.9- 55457. 1 58152.3
Percentage change i 0.03 . . .0.23 0.29 0.17

0.07
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‘’able 4.3

1

Aggregate Economic Effec:s on 9. AQCR's Measured by Five {éyZVariab es Uncer Stra:egy' 3
[

Three-Year Straight Implementation, 1973-‘75, With
Government Financial Assistance, Benefit = $10.0 Billion

|
Pl
t

1973

1974 1975
Manufacturing Production Without control i 189257, 8 196005. 3 202752.4
(value added, in $ million) With control 189099.3 | 195434,1 201505. 6
Percentage change | .-0.084 "I -0.208 - -0.325
Manufacturing Investment (in $ million) Without control i 14031. 2 14535;3 15040.0
With control ' 13869.9 13966, 5 13829. 4
Percentage change , i-1,151 -2.796 -4,304
Regional Personal Income (in $ Without control { 5A64383. 5 |i 591054.6 618188.6
millions) : With control . 564184.8 |, 590334.6 616622.9
Percentage change '-0.035 |° -0.089 -0.132 -
P ' |
Unemployment Rate Without control . 4.000 . 4. 000% 4. 000
With control ; 4.032 . 4.114 4,215
Net change .+0.032 ~ +0.114 +0.215
Government Revenue (in $ millions) Without control ' 48438.4 , 50718%. 9 53038.5
With control ' 48418.5 . 50646.6 52881.3
Percentage change -0.041 | -0.154

-0. 101

|
|
o
!
|
|
|
!
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} .
s i
!

Aggregate Economic Effects on 91 AQCR's Measured by Five Key Varlaa es Under Strategy 4

Five-Year Extended Implementatmn With Government Ass1stance '
1973-1977, Benefit = $10.. 0 Billion P

oo
' |
yot

1973 1974 ¢ 1975 1976 1977
Manufacturing Production :
(value added in $ millions) L ;
Without control 189257. 8 196004. 6 202751.6 211123.3 219495.2
With control 189206.5 195833. 4 202169 9 209984.9 218024, 1
Percentage change -0.027 -0. 060 - © -0.200 -0.253 -0.132
Manufacturing Investment - ? i :
(in'$ millions) :
Without control . 14031.2 14535, 2 15039 3 156663 16293. 8
With control 13977. 6 14364.5 14464 1 14563!5 14908. 2
Percentage change -0. 383 -0. 795 ] -2.682 -3. 343 -1.576
1
Regional Personal Income : !
(in $ millions) ’ |
Without control 564383.5 591054.0 618187. 2 650557.1 683456, 4
With control 564374.3 590819. 6 617435.5 649122. 4 681517.7
Percentage change -0.011 -0.028 3 -0.082 ) -0. 0199 -0.055
Unemployment Rate P ;
Without control 4.000 4. 000 4,000 4.000: 4,000
With control 4.009 4,037 4,107 4, 179I 4,163
Net change +0.009 +0.037 +0. 107 +0. 179 - +0.163
by :
Government Revenue (in $ ‘ i
millions) b ! -
Without control 48438.4 50718.9 53038. 4 55804.2 58614.6
With control 48432.0 50695.3 52963.0 55660. 1 58425.3
Percentage change -0.013 -0.033 - -0.096 -0.116 -0. 065
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'

Three-Year Straight Implementation, 1973-‘75, Without
Government Financial Assistance, Benefit = $15. 0 Billion .

|
|

i

|

:
|

Aggregate Economic Effects on 91 AQCR's Measurec by Five K{ayéVariables

i
|
|
|

i

|
i
!

i

.nder S:ra:egy 5

'1973 1974 1975
Manufacturing Production Without control 189257. 8 196005. 0 202753.8
(value added, in $ million) With control 188863. 8 194751.5 200360.9
Percentage change [-.21 1-.43 -.54
Manufacturing Investment (in $ million) Without control '14031. 2 14535. 6 "15041.4
- With control 13637.2 13159. 8 12142.4
Percentage change | -2.81 -6.85 -10.83
Regional Personal Income (in $ Without control 564383.5 591054. 6 618190.3
millions) ' With control 563892. 0 589471.7 615048.5
Percentage change }-.09 -.18 - . 24
Unemployment Rate Without control 4.00 4.00 4.00
With control 4.08 4,18 4.28
Net change b.08 .18 .28
Government Revenue (in $ millions) Without control 48438.4 .50718.9 53038.7
With control : 48389.0 50559.9 52723.1
Percentage change | =10 -.21 -.28,
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Aggrega:e Economic E fec:s on 91 AQCR's Measured by Five Ke

Five-Year Extended Implementation With Government Assistance °

1973-1977, Benefit = $15.. 0 Billion

!
1

|

|
i 1

y Variab es

Jnder S:ra egy: 6

1973 1974 . 1975 1976 1977
Manufacturing Production . ! ,
(value added in $ millions) '
Without centre!l 189257. 8 196004. 202751.9 | 211123.2 219495.4
With control 189206.5 195844. 202211.2 , 210148.2 218399.2
Percentage change -0.27 -0.05 -0.19 -0.20 -0. 04
Manufacturing Investment - _ ' |
(in $ millions) P
Without control 14031.2 14535. 115039.3 15666.3 16293.9
With control 13977.6 14365. ;14466.6 14573. 7 14931.7
Percentage change -0.38 -0.79 -2.67 -3.29° -1.49
Regional Personal Income i i
(in $ millions) ; : : b '
Without control : 564383.5 591054. 618187.3 650556. 7 683455.8
With control 564319.3 590836. 617492.7 649299. 3 681943. 8
Percentage change ’ -0.01 -0.03 -0.08 -0.08 ~0.03
Unemployment Rate l oy
Without control . 4.00 4.00 4.00 4.00 4.00
With control ' ' 4.01 4.03 4.08 4.09 4.05
Net change ; . .01 .03 . 08 .09 . 05
| )
Government Revenue (in $ l :
millions) i - . P
Without control ! 48438.4 50718.9 .53038. 4 55804, 1 58614.6
With control | 48432.0 50697. 0 '52968. 6 55677.9 58462. 7
Percentage change -0.01 -0.03 -0.09 -0.09 -0.03

'




More specifically, Table- 4.1 shows that with straight implementa-
tion by 1975 and without governmen-t financial assistance under. strategy 1,
manufacturing production (measured by value-added) in these AQCRs will
decrease 1.50 perceﬁt by 1975. Further, investment in manufacturing
industries (for production capacity) will drop from $15 billion to 12.1 ~~ ~———- -

billion which is about a 21 percent drop. Personal income.and local

_ . government revenues are expected to decrease 0.6 percent and 0.7 per-

cent, resp-éctive-ly, while unemiavloyrvh.ent rate will increase by 0. 9 Npercéhﬁ_t“.

This indicates ;chat the manufacturing sector, bearing the brunt of the con-

trol costs will be more sensitive to‘the air pollution control compared with
" regional income, unemployment rate, and local government revenue.

The effects of a strategy (Strategy 2) that has a two-year exten-
sion to the year 1977 without government financial assistance are |
displayed in Table 4.2, This adverse economic effect ”for. the year
1975 will be quite similar to that for the year 1975 in Table 4.3 where

- government financial assista‘ncg is giyen instead of extension of time.
However, a more appropriate year for comparison in Table 4. 2 is the
year 1976 when the incidence of control costs in Strategy 2 is closer
than that of 1975 iﬁ Strategy 1, and the regional economy is more com-
parable in size. Consequently, when comparing the 1973-19.75 strategies

with 1973-1977 strategies, it will be instructive to compare four econo-
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turing production will drop only 0. 62 percent, which is about $1.5

‘mic indicators for the year 1975 in the former group with those of

the year 1976 i.n the latter group. From such a comparison of
strategies 1 and 2, it is clear that extension of the time of imple-
mentation is likely to help.

~ "Table 4.3 shows that at a level of 59 pei’cent of government

cost-sharing with the industries, at the end of year 1975, manufac-

billion of production measured by value-added. At the same time,
investment expenditures for manufacturing production capacity
decreased by 8.3 peréent compared with 21 percent without finan-
cial assistance. All the other three variables show a consistent
pattern of diminution of the adverse impacts.

Table 4.4 showing the effects of an extended time period
59 percent cost-sharing and a benefit level of $10 billion indi-

cates very modest drops in economic activity.

* See Federal Register, August 14, 1971, and Wilson
and Minnotte, op. cit.
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1973, 0.51 percent in 1974 and finally decrease by 0.78 percent in

The pattern of over-time distribution of both costs and benefits
in the strategies by itself may lead to differences in the economic im-
pacts from year to year.. As indicated in the previous section, without

a two-year extension, 50 percent of the investment costs and 100 per-

" cent of the operational cost will be incurred in the year 1975; therefore,

the impact will be much heavier in the year 1975. For example, in

_Table 4.1, manufacturing production will drop only 0.21 percent in

1975. The same pattern is true of the variables in Table 4.2. In
strategies 3 and 4 shown in Tables 4.2 and 4.4, the year 19'%6 incurs
40 percent of investment costs and 90 percent of operational costs of
a given control strategy. For example, year by year changes of
manufacturing investment as shown in Table 4.4 are 0.38 percent 1n
1973, 0.80 percent in 1974, 2.568 percent in 1975, 3.34 percent in
1976 and 1. 58.percent in 1977.

Tables 4.5 and 4.6 display the_ aggregate effécﬁg' associated with
the two simulations assuming a $15 billion level of benefits. Unem-

ployment rates in strategy 5 are lower than in strategy 1 which assumes

~a $10 billion level of benefits. The same observation is valid in com-

paring strategies 4 and 6 which differ in the level of benefits. Unem-
ployment rates are lower in strategy 6 which uses a higher level of

benefit.
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~—control strategy there is a considerable regional difference of economic

C. Comparative Analysis of the Alternative Strategies

"7 7 " The previous section dealt with only the over-time aggregate

effects of 91 AQCRs during the implemeﬁtation periods of each given

strategy. However, behind these aggregate patterns lie a wide vari-

ation in economic effects among the different AQCRs. Within any one

impact. For example, under Strategy 1 (three-year straight imple-
mentation from 1973-1975 without government financial assistance),
the annual level of manufacturing prodﬁction (value-added) in 1975 will
drop 1. 78 percent. However; as shown in Table 4..7 for the same strategy
in 1975, there will be 29 out of 91 AQCRs which have 0.50 p“ercent or
more reduction in the manufacturing production. More precisely, 25
AQCRs will be ip the range of 0.5 to 1. 0 percent and four AQCRs will
be in the category of 1 to 1.5 percent.

Table 4.7 presents the frequency distribution éf the five economic
indicators for the AQCRs under strategies 1 through 4. For each econ-
omic variable, a number of classes as recognized and the number of

AQCRs in each class in each strategy identified.
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Frecuency Dis:rijution o] Major Variables for AQCRs (S:ra:egies
Strategy 1 Strategy 2 Strategy 3 Strategy 4
Three Year Three Year
Straight With- | Extended Without Straight With [Extended

out Assistance
1973 1974 1975

Assistance
1973 1974 1975 1976 1977

Assistance

With Assistance

. Unemployment Rate

1973 1974 1975

1973 1974 1975 1976 1977

Annual Change ' . i
Decr. (better off ) 2 3 7 4 4 4 5 2 <2 5 13 9 4 5 10
.01% to .49% 87 75 56 84 871 78 67 79| 88 88 80| 77 82, 8 84 80
.50% to . 99% 4 11 25 6 16 110 6/ 1 | 1 2 1
1. 00% to 1.49% | 3 4 3 3 1 |0 ;
1.50% and over 3 4 1 I | '
Total 91 91 91 91 91 91 91 91y 91 /] 91 91| 91 91/ 91 91 91

. Manufacturing Produc-

tion (value added) .

Annual change | E

of Manufacturing 3

Production ' ’

Increase 1 9 | 2] 1 2 2 9
-.01% to -.99% 87 76 52y 90 88 73 64 73] 91 8 82| 90 89| 88 84 78
-1.00% to -1.99% 4 10 27({~ 1 3 14 21 5 '3 4 2 3 2
-2.00% to -2.99%% 2 5 1 3 1 P2 1y 1 2 2
-3.00% to -3.99% 1 2 1 0 1 ! 2| §
-4.00% and over 2 4 2 3 2 ’ 7 ;

Total 91 91 91 91 91 91 91 91} 91 ! 91 91} 91 91! 91 91 91




Strategy 1 Strategy 2 - . Stra[te‘gy 3 ! Strategy 4
Three Year . " | Three Year : ;
Straight With- |Extended Without . Straight With [Extended
out Assistance|Assistance Assistance With Assistance ,
1973 1974 1975/1973 1974 1975 1976 19771973 1974 1975|1973 1974 1975 1976 1977
| | ;-
C. Manufacturing Invest- Lo .
ment (for production) l ; : i s
o ; o
-4.9% or less 79 37 17| 88 84 33 23 50| 90 i78 58 [91 90 |74 64 83
-5.0% to -9.9% 9 32 31| 3 6 30 30 25| 1 :10 24 : 1 14 21 -6
-10. 0% to -14. 9% 2 13 15 1 19 16 8 25 2 3
-15.0% to -19. 9% 1 5 13 |. 4 9 3 bl 1 . bl 2 1
-20. 0% and over 4 15 5 13 5 P 2 . R
Total 91 91 914} 91 91 91 91 91| 91 91 91 ;91 91 91 91 91
~J ' ' '
V' D. Regional Personal : i :
Income . p |
-Annual Percent Change o - | ’
Increase. 3 1 3 1 2 7 1 2 3 10 9 i 1 5 11
0to-0.49% A 8 73 57| 90 89 78 68 76| 87 .85 81 |80 82 .87 83 78"
-.50% to 0.99% 0 13 23 1 10 15 4| 3 ;1 5/ 1 12 1
-1.00% to -1.49% 1 1 3 1 1 5 2 C1 0 2 0 0
-1.50% to -1.99% 1 0 2 1 1 1 0 1
-2.00% and over 0 3 2 1 1 Co 1 1
Total 91 91 91} 91 91 91 91 91| 91 .91 91 |91 91 91 91 91
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Strategy 1 Strategy 2 - . Strategy 3 ‘ Strategy 4

; Three Year ‘ ' Three Year '
Straight With- |Extended Without . Straight With [Extended
out Assistance |Assistance Assistance With Assistance

1973 1974 1975/1973 1974 1975 1976 1977/1973 1974 1975|1973 1974 1975 1976 1977
E. Government Revenue . , P
Annual Change , P : 2 ;

10 9i 1 5, 11

Increase 3 1 2 1 S 2 7. 1] :2 3

0 to -0.49% 84 67 51 |89 89 68 59 70 [87; 8 74 |80 82' 85 78 76
-0.50% to -0.99% 2 15 24| 1 2 16 19 7| 2i 3 5 .3 7,3
-1.00% to -1.49% 2 6 4 4 3| 1:.3 2 |1 L2 '
-1.50% to -1.99% 1 2 1 5 3 ; 1 11
-2.00% and over L 6 2 1 5 1 |: ! 5
Total 91 91 - 91 [ 91 91 91 91 91 [ 91! 91 91 {91 91: 91 91 . 91
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cmmm oo - An inspectioﬁ of tables 4.7 and 4. 8 shows a consistent pattern
of over-time impacts as described in the previous section. For
o - f_g?.rnplg, gnﬁdng ”strategy 13 years, no additional cost sharing),
changes in regional unemployment rates indicated in Table 4.7 in the .
oo~ ..year 1973 show only four AQCRs having a 0.5 pefcent or more increase

in unemployment rate. In 1974, 14 AQCRs will experience more than

0.5 percent increase in the regional unemployment rate. In 1975, the

“humber of AQCR's in the same category (over one 'p.ercent)'jumps to’
29 AQCRs.
Under strategy 2, which differs from strategy 1, in having a
. two year longer period o.f implementation, the number of AQCRs having
0.5 percent or more unemployment rate are 9, 20 and 7, for 1975,
1976 and 1977, respectively. This suggests that a two year extension
reduces the Anumber of AQCRs adversely affected (with more than 0.5
percent unemployment rate change). The simulation of strategy 3
which implies a 59 percent cost sharing additional to that implied in
:— —~‘ __ sfgrategy 1 indicates that the n‘urr;lber o‘f.AQ‘CRs in the 0.5% unemploy-
ment rate increase group is 1, 1, and 6, for 1973, 1974 and 1975,
respectively. Thus, the additional cost sharing in strategy 3 removes
most of the AQCRs from the group of moderately édversely affected

group. Strategy 4, which extends the time period to five years from

" the three years used is strategy 3, is the most propitious strategy.
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Table 4.8

Frequency Distribution of MaJor Variables for AQCRS.

(Strategies 5 and 6)

Strategy 5
Three Year

|Straight With-

out Assistance

Strategy 6

"Extended

With Assistance

1973 1974 1975 1976 1977

A. Annual Change of
Unemployment Rate
(%) in AQCRs

1973 1974 1975

10 4

Decr. (better off) 13 12 5 7 17
.01% to .49% 87 74 55| 77 79 86 -8l 13 -
TTU L 50% to . 99% 4 10 25 1 3 1
1.00% to 1.49% 0 3 4 '
1.50% and over 3 A
Total 91 91 91 91 91 91 91 91
B. Annual percent change _ . N
of Manufacturing Pro- '
duction in AQCRs Do _
Increase 2 15 -1 4 1 .6 38
-.01% to - 99% 87 75 481 90 87 87 80 50 .
-1.00% to -1.99% 4 9 19 2 3 2
-2,00% to -2.99% 3 3 1 2 1
-3.00% to -3.99% 0 2 0
-4.00% and over 2 4
Total 91 91 91 91 91 91 91 91
C. Annual Percent change i
of Manufacturing In-
vestments in AQCRs - : :
-4.9% or less 79 37 19 91 90 74 64 84
-5.0% to -9. 9% 9 32 30 1. 14 21 5
-10.0% to -14. 9% 2 13 15 2 3 1
. .=15,0% to -19. 9% 6 12 1 2 1
-20. 0% and over 3 15 1
~ Total 71791 91 91 91 91 91 91 91
D. Annual Percent Change
of Personal Income o
Increase 3 -4 .10 10 10 2 7 35
0 to -0.49% 86 75 . 55 80 81 87 81 54
-.50% to 0.99% 0" 9 18 1 0 2 1
-1.00% to 1.49% 1 1 4 2 0 0
- =1.50% to 1.99% 1 0 2 0 1
-2.00% and over 0 2 2. : 1 0
Total 91 91 91 91 91 91 91 91
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Strategy 5 Strategy 6
Three Year ) S
Straight With- Extended
out Assistance With Assistance
1973 1974 19751 1973 1974 1975 1976 1977

— E.. Annuval Change in . | __ . i) oo e o]
Government Revenue ' ' '
Increase 3 4 10| 10 10 2 7 35
._ B 0 to -0. 49% 85 66 44| 80 81 86 77 52
"w'—-““'_’*"?" Tt 720, 50% to -0.99% 1 " 13 26 e SRR 3
~1.00% to -1.49% 2 5 4 1 2 - 0
-1.50% to -1.99% | 1 1], 1
. -2.00% and over 2 6| . '
me e oo ... Total . . 191 _91. 91 91 91 91 91 91
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- - ===- . -~ - The other four economic indicators evidence the same pattern.
Figures 4.1, 4.2 and 4.3 compare strategies 1, 2, 3, and 4

in terms of changes in unemployment rate. Since the only difference

between strategies 1 and 3 is the time of implementation, the two-year
e - ...—eXtension in strategy 3 improves a number of AQCRs. Attention, how-
ever, must be drawn to the fact that Figures 4.1 and 4.3 refer to 1975

while Figures 4.2 and 4.4 pertains to 1976. 1976 is used for strate-

e e “"gies 2'and 4 because the time pattern of cost incidence is s-uc-h that - - . _. .
investment and operational costs peak in 1976 and the 1976 economy
is closer in size to 1975 economy for comparison purposes.
- - - - It should be n§ted that the moderately and seriously affected

AQCRs. in strategies 1 and 2 are found in the Manufactures Belt des-

cribed in the next sector.

D. Geographical Patterns of Economic Effects
g

Appendix B provides the five economic indicators for the four

- ‘strategies for all the-91 AQCRs.-~An-examination of these tables sug- _—._ . _
gests the following observations (some of which have been made):
The individual AQCRs have the same pattern of
differences among the strategies that were ob-

served while analyzing aggregate effects in 91
AQCRs (see Section B).
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S ==L “However, the individual AQCRs have widely vary-
-—— - -~ — " ing effects in the same strategy. For example,

some -AQCRs such as San Diego are

actually "better off'" in unemployment and personal

income changes in Strategy 1, while Steubenville

"~ and Scranton show more than 1.7 percent increase -
in unemployment.

o -+ ,-—The direction of different economic indicators are
consistent for an AQCR in a strategy. However,
the magnitude of the effect may be different depend-
ing upon the size and industrial composition of the
economy. For instance, under Strategy 1, o o
" Birmingham, Alabama, has an unemployment rate -

income drop of 2.1 percent while Billings, Montana,
had the same unemployment effect (1. 73 percent)
but only 0. 98 percent decline in personal income.
This difference is ascribable partly to the lower
percent of personal income derived from manufac-
turing in Billings.

These are very broad and general observations. They tend to
conceal the geographic patterns of adverse economic effects. If '"mixed"
strategies are to be designed to achieve sdme degree of equity among
regions, the geégraphic patterns of adverse effects and the reasons

behind these must be understood.

To develop this understanding of the geographic patterns, a num-

increase of 1.30 percent and regional personal T T T

ber of AQCRs that experienced moderate and severe adverse economic

e_ffects are selected. Two criteria were used in this selection.
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reeze = oal-.Select all the AQCRs that exper1enced 5tol1l.0
. percent or more unemployment rate increase and
d1sp1ay these two groups of AQCRs under the
following strategies (Table 4.9 - 4. 13).

and display the AQCRs that: (a) show 2% or more
reduction in manufacturing production; (b) show 15%
or more reduction in manufacturing investment;

(c) show 1% or more reduction in personal income.
Tables 4. 14 through 4. 16 display the AQCRs that
meet this criterion.

Tt e Seven AQCRs experlenced 1% or more and 26 others between 0.5

to 1% increase in unemployment rate. Other economic indicators
(Tables 4.10 - 4, 13) of the four implementation strategies are provided
for these 33 AQCRs to provide a more balanced view of the economic
effects of the four basic implementation strategies. In general, there is
a consistent pattern of behavior of the various indicators within one
strategy and among strategies.

Table 4. 14 through Table 4. 16 and Figures 4.7 through 4.9 tell
the same story. They identify AQCRs that are moderately and severely
affected in terms of manufacturing production, investment and personal

_income.

The single most important characteristic evident from these tables
and figures is the persistence of a set of metropolitan areas enclosed

by the so-called American "Heartland" Manufacturing Belt in every list.
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1able 4.9 o

% Change in Unemployment of Selected AQCRs
Under Alternative Strategies .

Strategy 1 Strategy 2 Strategy 3 Strategv 4
: : No Ext. 2-Yr. Ext. No.Ext, 12-Yr., Ext.
Selected AQCRs Without Without With - | With -
T TlGovt., Asst. | Govt. TAsst. | GovtiAsstim  Govt, Asst, oot
Group 1 1975 1976 1975 1976
8 Pittsburgh, Pa. _ 1.089 0.739 0.450 . 0.305
36 Birmingham, Ala. - --|——1,296 - 0.826 ~--0.570 - -0.364
38 Steuvenville, Ohio 1.730 1.568 0.699 0.632
54 Billings, Montana 1.310 1.441 : 0.746 0.465
63 Bakersfield, Calif 1.500 1.159 0.614 0.462
76 Scranton, Pa. 1.780 1,248 0.719 0.509
80 Youngstown, Ohio |  1.226 _ 1 0.754 0.549 0.327
Group 2

5 Detroit, Michigan 0.529 0.468 0.239 0.192
9 St. Louis, Missouri 0.614 0.476.° 0.243 0.222
16 Buffalo, New York - 0.751 0.44 0.321 0.116
17 Milwaukee, Wisconsin 0.906 0.712 0.371 0.290
19 Louisville, Kentucky 0.584 0.512 0.235 0.194
37 Toledo, Ohio 0.616 0.539 . 0.253 0.212
43 Omaha, Nebraska 0.547 0.398 0.198 0.148
45 Port Arthur, Texas 0.899 0.672 0.367 0.439
52 Fargo, N. D. " 0,742——  0.428 0.308 0.172
61 Allentown, Pa. 0.860 0.541 0.350 0.228
64 Davenport, Iowa-Ill. 0.552 0.322 0.228 0.137
68 Harrisburg, Pa. 0.644 0.430 0.284 0.178
70 Knoxville, Tenn. 0.553 0.371 0.224 0.144
72 Peoria, Illinois 0.572 0.397 0.236 0.162
75 Saginaw Bay City, Mich. 0.842 0.644 0.347 0.245

77 Syracuse, N. Y. 0.754 0.506 0.298 0.207 .
‘82 Binghamton, N,Y, — ~1——"0.600 0.427 0.214 0.170
84 Charleston, W. Va. 0.559 0.649 0.002 0.233
85 Des Moines, Iowa 0.738 0.564 0.282 0.235
86 Fresno, California 0.574 0.379 0.225 0.157
89 Johunstown, Pa. 0.902 0.569 0.348 0.214
90 Lancaster, Pa. 0.598 0.406 0.245 0.161
93 Raleigh/Durham, N.C. 0.758 0.512 0.312 0.178
94 Reading, Pa. 0.864 0.589 0.360 0.244
97 South Bend, Indiana 0.696 0.469 0.264 0.191
98 Utica-Rome, N. Y. 0.966 0.654 0.398 0.275
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Table 4.10

% Change in Manufacturing

Production (Value-Added)

of Selected AQCRs Under- Alternative Strategies

Strategy 1

Strategy 2

Strategy 3 Strategy 4
No Ext. 2-Yr. Ext. |No.Ext. 12-Yr. Ext.
Selected AQCRs ~ {Without Without i With With

Govt. Asst.

‘Govt. "Asst. 1 Govt, "Asst.

Govt. Asst.

Group 1 1975 1976 1975 - 1976
8 Pittsburgh, Pa. - 3.26 -1.94 - 1.45 - 0.87
36 Birmingham, Ala. -74.84 =271 - - - 2.14 --1.21 .- .
38 Steuvenville, Ohio - 8.76 - 6.41 - 3.52 - 2.57
54 Billings, Montana - 5.00 - 4.74 - 1.94 - 1.85
63 Bakersfield, Calif - 8.89 - 7.45 - 3.52 - 2.95
76 Scranton, Pa. -2.21 -2.29 - 0.90 - 0.93
80- Youngstown, Ohio - -2.95. . | -186_ | -1.33 -0.83
Group 2

5 Detroit, Michigan - 0.84 - 0.56 - 0.36 - 0.24
9 St. Louis, Missouri - 1,19 - 0.85 - 0.49 - 0.35
16 Buffalo, New York - 1.61 -1.11 - 0.70 - 0.45
17 Milwaukee, Wisconsin - 1.08. - 0.84 - 0.44 - 0.35
19 Louisville, Kentucky - 0.44 - 0.32 - 0.17 - 0.12
37 Toledo, Ohio - 1.26 - 0.94 - 0.51 - 0.38
43 Omaha, Nebraska - 0.41 - 0.51 - 0.13 - 0.19
45 Port Arthur, Texas - 3.50 - 2.69 - 1.41 - 1.08
52 Fargo, N. D. -2.17 - 1.93 - 0.88 - 0.78
61 Allentown, Pa. - 1.83 - 1.33 - 0.79 - 0.57
64 Davenport, Iowa-Ill. - 1.04 - 0.75 - 0.46 - 0.33
68 Harrisburg, Pa. - 1,52 - 1.44 - 0.63 - 0.59
70 Knoxville, Tenn. - 0.95 - 0.94 - 0.39 - 0.38
72 Peoria, Illinois -1,17 - 0.99 - 0.48 - 0.41
75 Saginaw Bay City, Mich.| - 1.29 - 1.10 - 0.53 - 0.44
77 Syracuse, N. Y. - 1.20 - 1.09 - 0.49 - 0.44
82 Binghamton, N. Yy, T {-060° T} =0.63 - 0.22 - 0.25
84 Charleston, W. Va, - 1.11 - 0.92 - 0.46 - 0.38
85 Des Moines, lowa - 1.80 - 1,51 - 0.73 - 0.61
86 Fresno, California - 1.54 - 1.32 - 0.63 - 0.53
89 Johnstown, Pa. - 1,05 - 1,12 - 0.42 - 0.46
90 Lancaster, Pa. - 0.93 - 0.90 - 0.37 - 0.37
93 Raleigh/Durham, N.C. - 1.07 - 1,04 - 0.44 - 0.41
94 Reading, Pa. - 2.23 - 1,74 - 0.93 - 0.72
97 South Bend, Indiana - 0.65 - 0.60 - 0.26 - 0.24
98 Utica-Rome, N. Y. - 1.42 - 1,10 - 0.60 - 0.46
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1able 4.11

% Change in Manufacvtu‘ring Investment of
Selected AQCRs Under Alternative Strategies C

|Strategy 1 Strategy 2 Strategy 3 Strategy 4 |
No Ext. 2-Yr. Ext. |No.Ext. 2-Yr. Ext.
- Selected AQCRs Without Without With With
- 1Govt. Asst. |Govt. Asst. | Govt. Asst. :Govt, Asst,
Group 1 1975 1976 1975 1976
8 Pititsburgh, Pa. -28.11 -20, 46 -10.24 - 7.49
36 Birmingham, Ala. +-58.81- -38.75 -18. 66 -12. 78
38 Steuvenville, Ohio -28.50 -19. 39 -10.13 - 7.06
£ . Billings, Montana -39.58" -36. 80 -13.40 -12,13
63 Bakersfield, Calif -76. 14 -66.42 -22.82 -19.51
76 Scranton, Pa. -35,07 -49,01 -12.38 -15.15
80 _Youngstown, Ohio | -33.29 e - -28.13 oo=12.11 - 9.96
Group 2
5 Detroit, Michigan .- 9.09 - 6.43 - 3.60 - 2.56
9 St. Louis, Missouri ~19. 34 -13, 26 - 7.17 - 4,98
16 Buffalo, New York " ~16.42 -13.11 - 6.26 - 4,95
17 Milwaukee, Wisconsin -18. 85 -14,.99 - 7.02 - 5,55
19 Louisville, Kentucky - 7.70 - 4,52 - 3..01 - 1.79
37 Toledo, Ohio -16. 08 -11, 77 - 6.03 - 4,45
43 Omaha, Nebraska - 8.00 - 8.35 - 3.10 - 3.20
45 Port Arthur, Texas -18.61 -14.24 - 6.85 - 5,26
52 Fargo, N. D. 14,35 -19.21 - 5.47 - 6.88
61 Allentown, Pa. -10. 25 - 8.97 - 4,07 - 3,51
64 Davenport; Iowa-I1l. -~ 4,98 - 4,94 - 2,05 - 1.99
68 Harrisburg, Pa. -21.71 -24.03 - 8,02 - 8.44
70 Knoxville, Tenn. -11.71 -13.34 - 4,55 - 5,02
72 Peoria, Illinois - 8.30 - 7.40 - 3.28 - 2.90
75 Saginaw Bay City, Mich. -~ 2.94 - 2.53 - 1.19 - 1.02
77 Syracuse, N. Y. ' -12. 87 -12.74 - 4,98 - 4,83
82 "Binghamton, N,” Y, 7~ 7|7~ 9,97 — - -10,28 - 3,88 |- 3,96~ -
84 Charleston, W. Va. - 8.31 - 7.00 - 3.27 - 2.75
85 Des Moines, Iowa -23,05 -19. 77 -.8.50 - 7.25
86 Fresno, California -12.08 -12. 04 - 4,66 - 4,55
89 Johnstown, Pa. ~ 5,52 - 7.95 - 2,20 - 3.09
90 Lancaster, Pa. -15.55 -15.32 - 5.91 - 5.69
93 Raleigh/Durham, N.C. - 7.67 - 8.86 - 3.04 - 3.42
94 Reading, Pa. -35,21 -29. 80 -12. 16 -10. 14
97 South Bend, Indiana - 6,24 - 6.66 - 2.48 - 2.62
98 Utica-Rome, N. Y, - ~24.22 -21,05 - 8.91 - 7.62
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Table 4. 12

% Change in Regional Personal Income of

Selected AQCRs Under Alternative Strategies

98 Utica-Rome, N. Y.

Strategy 1 |Strategy 2 Strategy 3 Strategy 4
No Ext. 2-Yr. Ext. No.Ext. 2-Yr. Ext,.
Selected AQCRSs Without Without With With _
_ B - Govt. Asst. |Govt. Asst. |Govt. Asst. iGovt. Asst,
Group 1 1975 1976 1975 1976
8 Pittsburgh, Pa. -1.56 -0.97 -0. 68 -0.41
136 Birmingham, Ala. --2, 09 -1.21 -0.93 -0, 54
38 Steuvenville, Ohio -6.42 -5.29 -2.60 -2.13
54 Billings, Montana -0.98 -1.43 -0.62 -0. 45
63 Bakersfield, Calif -0. 82 -0. 66 -0.34 -0.26
76 Scranton, Pa. _ -1.23 -1.08 -0. 49 -0, 44
80 Youngstown, Ohio _=teo | . -119 | -0.8 |  -0.53
Group 2
5 Detroit, Michigan . -0.49 -0.37" -0.22 -0. 16
9 St. Louis, Missouri -0.61 -0.43 -0.24 -0.20
16 Buffalo, New York -1.01 -0.67 -0. 44 -0.25
17 Milwaukee, Wisconsin -0.83 -0. 66 -0, 34 -0.27
19 Louisville, Kentucky -0.47 -0.38 -0.18 -0.14
37 Toledo, Ohio -0.76 -0.60 -0.31 -0. 24
43 Omaha, Nebraska -0.30 -0.28 -0.19 -0.10
45 Port Arthur, Texas -4.53 -3.52 -1.81 +0.43
52 Fargo, N. D. -0.42 -0.27 -0.18 -0.11
61 Allentown, Pa. -0.98 -0.67 -0.42 -0.29
64 Davenport,”zewa-Ill. -0.69 -0. 46 -0.29 -0.20
68 Harrisburg, Pa. -0.60 -0. 49 -0.26 -0.20
70 Knoxville, Tenn. -0.51 -0.41 -0.20 -0. 16
72 Peoria, Illinois =0.70 -0.55 -0.29 -0.23
75 Saginaw Bay City, Mich. -0.77 -0. 62 -0.32 -0.24
77 Syracuse, N. Y. -0.65 -0.52 -0.26 -0.21
‘|'82 Binghamton, N."Y., =~ ——|—=0,44 |~ -%0739-~ | =20, 16 -——{-—=p.15 — °|°
84 Charleston, W. Va. -0.90 -1.03 -0. 04 -0.37
85 Des Moines, Iowa -0.78 -0.63 -0.30 -0.26
86 Fresno, California -0.35 -0.26 -0.13 -0.12 ¢
89 Johnstown, Pa. -0.61 -0.52 -0.24 -0.19
90 Lancaster, Pa. -0. 69 -0.60 -0.28 -0.22
93 Raleigh/Durham, N.C. -0.35 -0.29 -0. 14 -0. 11
94 Reading, Pa. -1.14 -0. 85 -0.48 -0, 36
97 South Bend, Indiana -0.50 -0.40 -0.19 -0.16
-0.90 -0.67 -0.38 -0.28
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1able 4. 13 .
| % Change in Local Government Revenue of
Selected AQCRs Under Alternative Strategies

l—— .- S I SO S e mTATIAaiiin. ol iz - -
|

Strategy 1

Strategy 2

| Strategy 3 Strateey 4
E No Ext. 2-Yr. Ext. |No Ext. 12-Yr. Ext,
' Selected AQCRs Without Without With With
S e e wt., Asstl [ Govt.  Assty | Govt. Asst. - Govt. Asst.--!- -
Group 1 =--1975 -1976 1975 1976
8 Pittsburgh, Pa. -2.28 -1.41 -0.99 -0.60
36 Birmingham, Ala. - =[~—-3:-10 - -1.80 ..-1,38 - -0.80
38 Steuvenville, Ohio - -5,74 -4, 74 -2.33 -1.91
54 Billings, Montana -1.12 -1.63 -0.71 -0.51
63 Bakersfield, Calif -0.57 -0, 45 -0.23 -0.18
_ 76 Scranton, Pa. | -2.20 -1.93 . -0. 88 -0.78
. ..180 Youngstown, Ohio _ _ _| -2.94 |} -1.84 -1.33 -0.81
Group 2 : :
5 Detroit, Michigan -0. 64 -0.48 -0.29 -0.20
9 St. Louis, Missouri -0.94 -0.65 -0.37 -0.31
16 Buffalo, New York - -0.96 -0, 64 -0. 42 -0.24
17 Milwaukee, Wisconsin -0.83 -0. 66 -0.34 -0.27
19 Louisville, Kentucky -0.67 -0.53 -0.25 -0.19
37 Toledo, Ohio -1, 07 -0.83 -0.43 -0.33
43 Omaha, Nebraska -0.40 -0.38 -0.14 -0.14
45 Port Arthur, Texas -4, 60 -3.56 -1.83 +0.43
52 Fargo, N. D. =0.40 -0.25 -0.17 -0.10
61 Allentown, Pa. -1.56 -1.08 -0.67. -0. 46
64 Davenport, Iowa-Ill. -0.90 -0.61 -0.38 -0.26
68 Harrisburg, Pa. -0. 85 -0.70 -0. 38 -0.29
70 Knoxville, Tenn. -0. 69 -0. 56 -0.27 -0.21
72 Peoria, Illinois -1.07 -0. 85 -0.44 -0. 35
75 Saginaw Bay City, Mich. -0.97 -0.74 -0.40 -0. 31
77 Syracuse, N. Y. -0.57 -0. 46 -0.23 -0.19
~ | 82 Binghamton, N. Y. ~77=0.36 -0.31 -0.13 -0.12
84 Charleston, W. Va. -1.38 -1.58 -0, 06 -0.57
85 Des Moines, lowa -1.00 -0. 80 -0.38 -0.33
86 Fresno, California -0.18 -0, 14 -0.07 -0. 06
89 Johnstown, Pa. -0. 80 -0.68 -0.32 -0.25
90 Lancaster, Pa. -1. 16 -1. 00 -0.47 -0.37
93 Ra'leigh/Durham, N. C. -0.46 -0. 39 -0.19 -0.14
94 Reading, Pa. -1.86 -1.39 -0. 78 -0.58
97 South Bend, Indiana -0.64 -0.52 -0.25 -0.21
98 Utica-Rome, N. Y. -0. 85 -0.62 -0.35 -0.26

91



Table 4. 14 -
Comparison of Regions with Manufacturing Production
Decreased 2% or More in 1975 or 1976

3 Yr, 3 Yr 5 Yr. 5 Yr.

Selected AQCRs (Without)1975 |{(With)1975 (Without)1976 |[(With)1976
8 Pittsburgh, Pa. _ _. -3.26 -1.45 -1.94 - .87
36 Birmingham, Alabama | -4.84 ~-2.14 -2.71 -1.21
38 Steubenville-Weirton/ o ’
Wheeling, West Va. -8. 76 -3.52 -6,41 -2.57
45 Beaumont-Port Arthur- T A -
Orange, Texas -3.50 ~1.41 -2.69 -1.08
52 Fargo-Moorhead, N.D., '
Minnesota -2.17 ~0. 88 -1.93 - .78
) 54 Billings, Montana -5.00 -1.94 -4.74 -1.85
._..| 55 Sioux City, Iowa | -2.02 | -0.76 | -1.91 - .73
[ 63 Bakersfield, Calif. -8. 89 -3,52 -7.45 S} -2.95
[ 76 Scranton/Wilkes-Barre/ -2.21 ~0.90 -2.29 - .93
Hazeltoh, Pa, :
80 Youngstown-Warren,
Ohio -2.95 ~-1.33 ' -1. 86 - .83
94 Reading, Pa -2.23 -0.93 -1.74 - .72
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Table 4. 15
comparisons of Manufacturing Investment Showing
a 15% or Greater Decrease in 1975 or 1976

s -ee == |3 Yr, 3Yr 5 Yr. 5 Yr.
Selected AQCRs (Without)1975 |With) 1975 (Without)1976 | With 1976
6 San Francisco, Calif. -23,88 - 8.59 -18.23 - 6.59
8. Pittsburgh, Pa. i ) -28.11 -10.24 -20,46 - 7.49
9. St. Louis, Mis -19. 34 - 7,17 -13.26 - 4,98
10 Washington, D.C. -24,42 - 8.67 -20. 84 - 7.41
12 paltimore, Maryland -15. 84 - 6.08 -11.75 - 4.51
16 Buffalo, New York =16, 42 - 6.26 -13.11 - 4,95°
17 Milwaukee, Wisconsin -18.85 - 7.02 -14.90 - 5,55
5 Indianapolis, Ind. -22.19 - 8.07 -17.42 - 6.34
9 Portland, Oregon -18.90 - 6.91 -14. 60 - 5.42
36 Birmingham, Alabama -58.81 -18. 66 -38.75 -12.78
37 1oledo, Ohio | -16.08 - 6.03 S -11.77 - 4.45
38 Steubenville-Weirton "8 50 T TTr0013 | -19.39 - -07.06
Ohio/Wheeling, W. Va.
45 Beaumont-Port Arthur- -18.61 - 6.85 -14.24 - 5,26
Orange-Texas .
52 rargo-Moorehead, N.D., -14. 35 - 5.47 -19.21 - 6,88
Minnesota _
53 ™sise, Idaho - 8.83 - 3.44 -16.75 - 6.07
¢ . Billings, Montana -39,.58 -13.40 -36. 80 -12.13
55 Sioux City, Iowa -133, 60 -30. 39 -118. 36 -25. 66
63 Bakersfield, Calif. -76. 14 -22.82 -66., 42 -19.51
68 Harrisburg, Pa. -21.71 - 8.02 -24.03 - 8.44
69 Jacksonville, Florida -15.53 - 5.91 -14. 66 - 5.49
76 Scranton, Wilkes Barre-| -35.07 -12.38 -49,01 -15.15
Hazelton, Pa. .
78 Tulsa, Oklahoma -18.40 - 6.88 -20.29 - 7.29
80 Youngstown-Warren, -33.29 -12.11 -28.13 - 9.96
Ohio
85 DesMoines, lowa -23. 05 - 8.50 - =19.77 - 7.25
88 Jackson, Mississippi . -18.74 -.7.02 -17.68 - 6.50
90 Lancaster, Pa. -15.55 - 5.91 -15.32 - 5.69
92 Norfolk Portsmouth/ -16. 86 - 6.41 -17.25 - 6.35
Newport News-Hampton, '
Va. ’
94 Reading, Pa. -35.21 -12.16 -29.80 -10,14
98 Utica-Rome, N.Y. -24,22 - 8.91 -21.05 - 7.62
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1able 4. 16 _
Comparisons of Regions With Personal Income
Decrease 1% or More in 1975 or 1976

3 Yr., 3 Yr. 5 Yr, 5 Yr.
Selected AQCRs (Without 1975 [(With)1975 (Without) 1976 [With)1976
8 Pittsburgh, Pa. e .~ 1.56. - 0.68 - 0.97 - 0.41
16 Buffalo, New York - 1.01 - 0.44 - 0.67 - 0.25
36 Birmingham, Alabama -2.09 - 0.93 - 1.21 - 0.54
38 Steubenville-Weirton,
Ohio/Wheeling, W, Va. - 6.42 < 2,60 - 5.29 -2.13
45 Beaumont-Port Arthur, - 4,53 - 1.81 - 3,52 + 0,43
Orange, Texas
54 Billings, Montana - 0.98 - 0.62 - 1.43 - 0.45
76 Scranton/Wilkes Barre- -1.23 - 0.49 - 1.08 - 0.44
- - Hazelton, Pa. . SR R SR SR ' ’
80 Youngstown-Warren, - 1.90 - 0.86 -1.19 S -0.537
Ohio
84 Charlestown, West Va. - 0.90 - 0.04 -1.03 -0.37
94 Reading, Pa. -1.14 - 0.48 - 0.85 - 0.36
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=-The-Heartland Manufacturing Belt has been described by geog-

- Pennsylvania coalfields and the capital, entrepreneurial experience

raphers and regional economists as the area that developed westwards =~

from New York in the area bounded by Lake Superior iron ores, the

.and engineering trades of the northeast United States.* In the phase

of American growth associated with iron and steel, this area emerged

as the heavy industrial center of the country, and has remained the

" Zenter of national demand, determining patterns of market accessibility

'since 1870. Figures 4.10 and 4. 11 show. the urban centers of the manu-
facturing belt emerging in 1870 and continuing to be important in the
national urban system to 1960 (the major difference being the emerg-
e.nce of Pacific and south&est by 1960). Since 1870, this area has
grown into the urbanized center of the national market while subsequept

metroplitan growth has been organized around this national core re-

gion. Continued spread of population to the west ‘and modern higher-

order industries (e.g., aerospace) suited to the local amenities have

%For a fuller discussion of this concept, see: (1) Pred, Allan,
The Spatial Dynamics of U.S. Urban-Industrial Growth, 1800-1914,
Cambridge, The MIT Press, 1966; (2) Perloff, Harvey S., Dunn, E.S.,
Lampard, E. E., and Muth, R. F., Regions, Resources and Economic
Growth, Baltimore, Johns Hopkins Press, 1960; (3) Ullman, E. L.,
"Regional Development and the Geography of Concentration, " Papers
of the Regional Science Association, 1959: and (4) Berry, Brian J. L.,
and Neils, Elaine, Location, Size and Shape of Cities as Influenced by
Environmental Factors, Chicago, University of Chicago, December,

1967.
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F1gure 4, 10
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._led to processing, service and modern low-emission industries. outside

the heartland, The manufacturing belt has thus been "a great heartland

nucleation of industry and the national market, the focus of large-scale

___national serving industry the seedbed of new industry responding to the
dynamic structure of national demand and the center of high levels of
per capita income."

The incidence of control costs on the AQCRs in the manufacturing

belt ris inevit;ble,- éivenri‘t.s. industri;I preemin‘ence- (see Appendix C ).
However, given its persisten‘t role as the lever of successive develop-
ment of national regions, the adverse economic effects in the AQCRs
inside the manufacturing belt (Figure 4.7 - 4. 9) warrant some caution.
The adverse effects on'these -AQCRS in the manufacturing belt may get
impacted throughout a large part of the national economy. The design’

of the "mixed' strategy may help to alternate these AQCRs.

E. The '"Mixed" Strategy

The mixed strategy is essentially a mixture of different treat- _

ments of different AQCRs in one strategy in the light of previous analy-

sis of aggregate over time and geographic patterns of economic effects.

It is intended to provide for a high degree of spatial equity in the inci-

dence of adverse economic effects.
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—---The mixed strategy chosen consists of:

a. 5§ AAQCR'S"si'muIa}ted exactly as under strategy 1

b. 13 AQCRs as under strategy 2

c. 14 AQCRs as under strategy 3

d. 4 AQCRs as under strategy 4

e. 2 AQCRs with 75% additional government
financial assistance and two~year extension

-- - The identity of these AQCRs in each category is indicated in

Table 4. 17. - Cee
The performance of the AQCRs in the mixed strategy can be
observed in the following manner:

. Appendix B indicates the performance of 58
AQCRs under strategy 1

Tables 4.9 - 4. 12 indicate the performance
of the AQCRs in groups (b), (c) and (d), above

; A ' . Table 4. 18 shows the performance of the two
" AQCRs -- Steubenville and Scranton

The mixed strategy brings the unemployment down for every AQCR

under 0.5%. Economic hardship as judged by the criterion has been =~

reduced to acceptable levels in all’AQCRs, though this has meant 75%

additional government financial assistance to two AQCRs.
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a. 58

15
18
20
21
22
23
.24

25

26
217
28
29
30

31
32
33
34
35
39
40
41
42

GRO

TABLE 4. 17

GPING OF AGCRs UNDER MIXED STRATEGY .

AQCRs

Under - ——

Strategy 1 . .. ...

New York, New York 44
Chicago, Illinois 46
Los Angeles, California 47
‘Philadelphia, Pa. 48
San Francisco, California 49
Boston, Massachusetts - - :
"Washington, D.C, - --——————5
Cleveland, Ohio “51
Baltimore, Maryland 53
Minneapolis-St. Paul 55
Minnesota 66
Houston, Texas

Cincinnati, Ohio 67
Dallas, Texas 69
Seattle-Everett, Washington 71
Kansas City, Missouri 73
San Diego, California 74
Atlanta, Georgia 78
Indianapolis, Indiana 81
Miami, Florida

Denver, Colorado 83
New Orleans, Louisiana 87
Portland, Oregon .88
Providence-Pawtucket, 91
‘Rhode Island 92
Phoenix, Arizona
Tampa, Florida 95
Columbus, Ohio 96
San Antonio, Texas 99
Dayton, Ohio 100
Chattanooga, Tennessee
Memphis, Tennessee

Salt Lake City, Utah

Oklahoma City, Oklahoma
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-El Paso, Texas

Honolulu, Hawaii

Charlotte, North Carolina
Portland, Maine
Albuquerque, New Mexico
Lawrence-Haverhill/Lowell,
Massachusetts

Las Vegas, Nevada

Boise, Idaho

Sioux City, South Dakota
Grand Rapids /Muskegon-
Muskegon Hts., Michigan
Greensboro, North Carolina
Jacksonville, Florida
Nashville, Tennessee
Richmond, Virginia
Rochester, New York
Tulsa, Oklahoma
Albany-Schenectady-Troy,
New York

Charleston, South Carolina
Fort Wayne, Indiana
Jackson, Mississippi
Mobile, Alabama
Norfolk-Portsmouth/

'Newport News -Hampton, Va.

Rockford, Illinois
Sacramento, California
Wichita, Kansas

York, Pa. >
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TABLE 4.17 (cont'd)

- :.C_.;..-. .414. - ,AQ CR s .‘ o e mis e aileer e ——‘.,:_:AZ._;T_‘:_'._:C;,; e e e e D e e

Strategy 3

T b Under -
Strategy 2

- 5 Detroit, Michigan
9 St. Louis, Missouri

16 Buffalo, New York

43 Omaha Nebraska

52 Fargo, North Dakota -
64 Davenport, Iowa

68 Harrisburg, Pa.

70 Knoxville, Tennessee
72 Peoria, Illinois

82 Binghamton, New York
86 Fresno, California

90 Lancaster, Pa.

97 South Bend, Indiana

d. 4 AQCRs
" Under
Strategy 4

36 Birmingham, Alabama
54 Billings, Montana

63 Bakersfield, California
80 Youngstown, Ohio

8 Pittsburgh, Pa.

17 Milwaukee, Wisconsin

— - ~19. Louisville, Kentucky
37 Toledo, Ohio
- =--=-=45 . Port Arthur, Texas
61 All ntown, Pa.
75 Saginaw
Bay City, Michigan
77 Syracuse, New York
85 Des Moines, lowa
Johnstown, Pa.

Reading, Pa.

o
3

AQCRs
With .
75% Gov't Assist.

Steubenville, Ohio
Scranton, Pa.

38
76
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Charleston, West Virginia

Utica-Rome, New York

Raleigh/Durham, North Carolina



" Table 4.18
Economic Indicators Under

"Mixed Strategy'', 1976

AQCR

Unemploy-
ment Rate

Mfg. Prod-
% Change

Mfg. Invest.
% Change

Reg. Pers.
Inc. % Chg.

Govt. Rev.
% Change

Steubenville

Scranton’

0.38

032

-1.56

20: 57

-4.18

8. 66—

-1.28

a0, 28 ——.

-1.15

~—=0,50—-

vvvvv
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¥, “Summing Up - - - » '

The lengthy interpretation of regional economic impacts under

alternative strategies can be summarized as: ____

The regional economies of different AQCRs respond to
" alternative implementation strategies with considerable
sensitivity as seen from the five variables selected for
analysis, manufacturing production (value-added), manu-
facturing investment, regional personal income, regional
~unemployment ratio, and regional government revenue.

For example, increment in unemployment aggregated: - ——-—-—-——
over the 91 AQCRs varies from 0.51 percent to 0,18

-percent (see Tables 4.1-4.4). In the case of individual

AQCR, say Pittsburgh, it varies from 1.1 percent to

0.3 percent increment depending upon whether two-year

extension for implementation and/or government finan-

cial assistance were available to each AQCR (see Ap-

pendix B and Tables 4. 9-4. 13).

In general, implementation of the Clean Air Act of
1970 will have greater effect to the manufacturing
industries than income and employment in a given
region. ' '

Cost-sharing by the government is more effective than
a two-year extension to the regional economy. For
instance, the number of AQCRs which will face 0.5 per-
cent or more increment in unemployment rate will drop
from 32 to 20 AQCRs with two-year extensions from
TS TTTTTTTTTTI975 to 1977 while with 59 percent additional government
financial assistance to the control cost the number will
drop to 6 AQCRs.(Table 4.7). Both aggregate.effect for
91 AQCRs under study (Table 4.2 and 4. 3) and individual
AQCR data (Appendix B, Strategy 2 and 3) show a con-
sistent pattern of changes for other variables.
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The geographic patterns of those seriously affected
regions tend to consist with the heavy manufacturing
belt. Moreover, among those highly polluted areas,
those large cities such as Chicago, Pittsburgh, St.
Louis, etc., with existence of a wide range of other
industries, are able to take the adverse effects com-
pared with small size cities such as Steubenville,
Youngstown, etc.

This time scheme of implementation also shows that
in the case of a straight implementation by 1975,
most of the impact will be concentrated in 1975.
There are considerable time lags in the ordering,
production, architecture and engineering and delivery
of control equipment to industry, consequently, most
of the impact is likely to be in 1975. With a two-year
extension to 1977, the brunt of the cost is likely to be
borne in 1976. The year of maximal impact is con-
sidered a critical comparative criterion when com-
paring the two implementation periods.

With a detailed analysis of alternative strategy simu-
lation, it is possible to identify AQCRs with five dis-
tinct groups (as shown in Table 4.7) such that econo-
mic hardship (say, measured by changes of unemploy-
ment rate) should not exceed a given criterion (.5 per-
cent of unemployment rate increment). Such results
can be achieved with different combinations of time
schemes and percentage of government financial as-
sistance as demonstrated.
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s e GCHAPTER 5: - APPLICATION TO WATER POLLUTION ... ... . e
= e oo AND SOLID WASTE DISPOSAL '

i 4 This chapter explores the potential for and the modifications
“necessary for the extension of OAP to other media -- water and land --
+= - ----- .0f pollution. It opens with a discussion of the similarities and differ-

ences among water and solid waste and air quality management. Next,

: it explores the applicability and modifications necessary for such ex-

“fension of the OAP Regional Modél to the other media in the light of -~ —————w—r.

their differences. Then, it proceeds to a brief review of external con-

ceptual models for assessment of economic effects of water quality and
solid waste management and the data available for operationalizing the
conceptual models. Finally, a few remarks on potential approaches
are presented.

A, Salient Features of Water Quality
and Solid Waste Management

T o The need for strategy evaluation regarding control of water pollu-

tio«r; a{nd solid \;véste; dispésél_ié ;10 1eAss> impo‘l’rtv:antv tha}lfor a;ir‘pollutiori-.'w o
The modelling approach developed here can be extended to provide esti-
mates of certain effects of pollution control strat;gies in these areas.

The genergl modelling approach developed here is conceptually appro-

" priate for these evaluations, since the effect of control strategies will
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o TS ieeSiher to increase the costs of the various industrial sectors which produce - e

solid wastes and water pollutants. Estirna—t-es ;f these co—st iﬁéreases

___can be used Fé__g_stimate f:he effects.in teflns of output and employment
- for the various industrial sectors in various regions.

~—=wee semi o= oom - = -:-The problems of solid waste disposal and water pollution differ

in some important dimensions from the problems of air pollution, and

it would therefore be necessary to modify and extend the model. These

differences include: -

The comparative ease of controlling the physical
| movement of liquid and solid wastes, thereby
allowing more alternatives in terms of publicly
and/or jointly operated waste disposal systems
-in contrast to gaseous or gas-borne pollutants
which permit effective treatment only at the
source.

The extensive recycling and by-product possibil-
ities which exist for liquid and solid wastes.

. The relatively greater importance of the fihal
consumption and agricultural sectors as genera-
tors of waste products.

R s = v+, The requirements for control of waste disposal
e o e — 10 tidal and estuarine areas. '

. There is more heterogeneity in the types of wastes
to be controlled and fewer interrelationships and
communalities among the various pollutants to be
controlled.
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: _—'——l-»T-his means that the var'iety of possible control strategies is much

cie—e e in air. However, costs have been estimated for a number of regions,

greater. For example, it would be pos sible to haveone implerhentatioh

schedule for control of BOD in streams, a different schedule for control

-of phosphates, and yet a third schedule for control of oil.

e -w-...Past work on economic modelling in pollution control related to

water and solid wastes has been heavily oriented toward direct cost op-

timization models, in which the model's function is to evaluate the

" “economic efficiency alternative control methods. -There has been almost -

no work in attempting to identify the total economic effects of alternative
implementation plans on either a regional or national basis.

There is no detailed complete compilation of the costs and benefits
of water and solid waste pollution control. This lack can be attributed
to at least two distinct causes -- (1) the lack of commonly accepted
standards as .theAleveI of control required and (2) the extensive system

interdependencies extant in water-solid waste pollution controls, which

makes the determination of control costs a more complex problem than

watersheds and industries, for specific standards. * Data are also avail-

* See positions 41, 42, 43, 44, 47, 51, 53, 55, 56, 58, 61, and
73 in Appendix A.
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st - - able on waste generation for various industrial processes.* The task

T of developing a set of complete costs estimating relationships for regions

as a function of industrial structure, standards, population, and other

important factors, while a sizeable task, is by no means impossible.

It appears that sufficient data exists to utilize a statistical estimating

approach. The collection and standardization of the extensive existing

data would involve a considerable effort.

B. Required Model Extensions

1. Public Sector-

These differences mean that the potential range of strategies
must include possibilities for public funding and operation of waste
treatment and disposal facilities, with alternative fee arrangements.
It must also include options for more variety in time phasing of differ-
ing standards.. )

In terms of the model specifics, the control costs as applied to

s?écific industrial sectors will operate satisfactorily. However, the

share of control costs funded by the government must be associated

with the appropriate government unit -- local, state, or national --

* (1971) U. S, Environmental Protection Agency, pos. 37,
Appendix A. ' )
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ing is in the form of Federal subsidies, the current model will be

appropriate. If the funding is at the state level, the result will be a

reduction in disposable income for the state. If funding comes at the
__ _ ___ _locallevel, disposable income in the region will be reduced. The

| :model must be able to represent each of these possibilities or any

combination of them, since strategies involving construction of munic-

l |
‘ - ‘**ipa;l treatment facilities serving a number of plants and built with both-
\ state and Federal assistance are very probable. This will require
\ modification of the regional income segment to allow for changes in
disposable income corresponding to the selected strategies.

This same part of the model will also incorporate the effects of
expenditure on municipal waste treatment facilities. The major eco-
nomic effects will be to reduce disposable income for the governmental

unit,

Another element which must be evaluated is the effect of water

essential in.]g)‘i;lt into many ihdﬁstriél p;oéeésés; and cc-)r;t;;l Jof anter pdl-
lution could result i;l a cost reduction for some industries, due to a
reduction in the need for extensive pre-treatment. The evidence avail-
able indicates that the cost reduction obtainable as a result of higher

quality input water is small, but the evidence is inconclusive, and such

direct benefits of pollution control could have major economic effects.
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T T3 TFood Processing oI

Food processing and agvricrul-tu‘re ﬁaveﬁ a pa;t1c~ular-1y '1arg.e inpﬁt o

to water pollution. Unlike air pollution, where the contribution of

- .. food processing and agriculture frequently does not add significantly to
ieemeem -w-m— - pollutant concentrations in urban areas, watershed characteristics some-
times concentrate pollutants, such as chlorinated hydrocarbons and ni-

trogen and bring them to urban areas. It will be necessary to consider

|
|
|

the control costs of ‘agricultural pollution and to de t_e rmine \yhether it is ““ B
necessary to explicitly consider agriculture as a sector and to what
extent the costs will be passed on to the food processing sector.
3. Final Consumption
It will be necessary to determine the control costs associated
with solid waste disposal and to determine the portion of these that
will be borne directly by consumers and the portiop that will result
in increased préduction costs.

" The final consumption sector is a major producer of solid wastes,

the majority of which are the result of irhchl-L;st;jiérljbpaAckagipg Op>e_1f2}t_i‘0'1'—l.57.“
Possible strategies for control of these involve requiring industries to
modify packaginé methods, e.g., requiring returnable bottles or bio-
degradable packages. Some estimates must be developed relative to
what portion of the costs related to such strategies will be passed on

directly as price increases and what portion will be borne by the respec-
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“tive industries.” The model will also have to incorporate the exfent’to

which such strategies force structural changes in the industries pro-

- _ __ducing packaging material_..____ e o

T T TATTTTTT U4 ' Tidal Areas

!
L o bt o = vn mo—— - s——————

“~I1f the model is to include the costs of control in tidal and estuarine
areas, estimates of the economic effects of the required control will

_ _have to be developed. Control in these instances may involve restric-

tions on shipping and docking and the required"restrictions would have

to be translated into economic effects on shipping, fishing and other

affected coastal activities.
T 7777 5., " Flexibility
The model must incorporate options to permit differing enforce-
ment strategies for different pollutants. For example, it may be deL'
sirable to evaluate strategies which will involve control of heavy metals
within one year, industrial organic discharges within two years, and

sewage within three years. The model presently allows variations in

the timing of control costs, but the timing must be the same for all - I
sectors in a given region. For water pollution and solid wastes, a
control stfategy which varies the timing for specific pollutants implies
that the time pattern of control expenditures must vary by industrial

sector.
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=S _C. . Extant Models and Available Data ... = -

A rather extensive survey of recent studies of the economies of

water pollution control and solid waste management was carried out

; : - R A o . N - b
{ and is summarized in the appendix. The results of the survey can be

highlighted as follows:

Sophisticated analyses of water quality management
tend to limit their scope to a glven geographxc unit
- . e -ee == == -gyuch as a water basin,

In general, the optimization approach has been more
popular than macro simulation models.

. Cost-benefit or cost-effective analyses help in
providing evaluation of the direct costs of al-
ternative planning strategies rather than of the
economy-wide impacts on key economic var-
iables.

However, there are instances of general equilibrium approaches.
For instance, Ayres and Kneese apply a Walras-Cassel general equilib-
rium model with a conceptual integration of material flow from extrac-
tion and agriculture production to material processing to final consump-

tion, and refuses from productlon and consumpt1on w111 follow the flow .

of material for recycling. *

*Ayres, R, U,, and Kneese, A. V., "Production, Consumption,
and Externalities,'" American Economic Review, Vol. 59, No. 3,
June, 1969, pp. 282-297.
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I REGIONAL WASTE GENERATION AND EVALUATION MODEL -

Regional Waste Generator Spatial Distrib.
“"Economic” 7 *(Cons Sector) —|~—of Vastes ——
Model Model Model
Intﬁﬁzig:?gal Population Land Use
yeis Model Model

Model

Waste Collection
Treatment and
Disposal Model

|

National Process .
- Economic Technology Publ;cdgialth
Model Model 0
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Another outstanding model system on the solid waste management ... ._.

by Golueke and McGauhey* is quite similar to the current OAP Regional

Economic Model. The major block flow diagram of Golueke and

Mcéa:uge;r ;s shown in Figure 5.1. Other interesting model systems

are briefly discussed in the appendix. . .
The key to operationé.lize conceptual frameworks such as Ayers

and Kneese or Golueke and McGauhey into computer models for strat-

egy simulation -i.;s .the‘:i'.a\«'-a-.;l;bility.o'f -;‘eAl—z;;;nt'»economic and control data,

Since the solid waste management is a major function of local govern-

ment, considerable data are available on the volume of solid waste per

~capita. However, refuse data by industrial categories needs further

. e v B R LD

investigation. **
For water, data of the total water intake and discharge by each

manufacturing industry were published in the Census of Manufacturers

(see Table 5.1). The annual report of Cost of Clean Water also provides

data on estimated BODs by major industry (see Table 5.2), and various

cost estimates are also available as shown in Table 5.3, A large

amount of data is available in a variety of forms. The bibliography in
Appendix A includes a number of sources of cost data for waste treat-
ment, in the form of engineering data, industry data, and regional data.

This wide variety of data must be synthesized in the forms required for

* Position 58, Appendix A.
%% See Appendix A, Section E.
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WATER INTAKE BY PURPOSE, GROSS WA"'ZR
USED, AND WATER DISCHARGED: 1968

l
i
TABLE 5. . v I
i

(A1l water data in billions of gallons) '

Water Intake by Gross water 2 L
Purpose |Steam elec-| used, including ‘Total !
SIC Industry Group : of Intake |tric power | recirculation ‘Water |
Code Total Process | Generation | or reverse Discharged
A1l Industries, Total - 15466.5 4295.1 3008.7 35700. 6 14275.9
20 |Food & Kindred Prod. 810.9 290.6 74.7 1346.0 t 752.8
21 |Tobacco Mfr. . 5.8 1.7 200 77.0 | 4.8
. 22 |Textile Mill Products 154.2 109.0 5.7 | '327.5 1 136.0
24 |[Lumber & Wood Prod. 117.9 36.5 44.7 . 204.9, | 92.7 |
25 |Furniture & Fixtures 4.3 1.8 (Z)* 6.3 | 3.8 |
26 |Paper & Allied Prod. 2252.0 1477.9 407.2  ||' 6521.5 | | 2077.6 |
28 |Chemical & Allied Prod. | 4476.2 | 733.4 693.8 |l: 9415.8 | | 4175.6 |
29 |Petroleum and Coal Prod. 1435.1 94. 6 169.2 7290.1 : 1217.0
30 |Rubber & Plastic Prod 134.9 23.8 16.1 268.5 | | 128.4
NEC | | '
31 |Leather & Leather Prod. 15.8 13.9 .2 19.5 | | 14.9 !
32 |[Stone,clay & Glass Prod. 251.1 89.1 83.1 412.8 ! : 218.4 | !
33 |Primary Metal Indus. 5004.7 1207.2 1414.8 7779.8 | 4695.5 | |
34 |Fabricated Metal Prod. 67.7 37.1 1.9 - 168.9 | 65.0 | |
35 |Machinery, except elec. 189.0 28.9 70.5 338.4 | 180.8
36 |Electrical Equip. & . | * : t
Supplies P 126. 6 46. 6 9.6 369.7 | 118.4 | |
37 |Trans. Equipment i 312.8 63.3 5.3 910.6 ; 293.1
38 |Instruments & Related , ’ :
Prod. o 37.6 16. 6 8.1 117.9 36.0
39 |Misc. Mfg. Industries | 14.4 4.6 3.3 . 23.8 13.0 :
| | |
| | '
po , i
* (Z) Less than 50 million gallons ; S
| : ; o
| | ]
| ; . s
; - .




o TABLE 5.2
INDUSTRIAL WASTE WATER

DISCHARGE AND ESTIMATED

BODs in 1968

. - - e . A ) o BODs per unit
| Total Water* | Estimated of waste water¥ik
e e L o ) Discharged BODs %% per pound
! SIC in billions in millions | 1000 gallons
5 Code Waste Source of gallons of pounds
20 Food Processing 752.8 4,600 6.11
- 22 | Textile Mill Products -136.0 1,100 8.09
- - 26— Paper & Allied Prod. - [-—2077.6-.- —|-..-7,800 . 3005
28 Chemical & Allied Prod. 4175.6 14,200 3.4
29 Petroleum & Coal 1217.0 550 .43
30 Rubber & Plastics 128. 4 60 .47
33 Primary Metals 4695.5 550 .12
| 35 [Machinery 180. 8 180 1. 00
37 Transportation Equip. 293.1 160 . 54
A1l Other 567.0 470 . 83
Manufacturing Total 14275.9 29,670 2,08.

i e e e e anee

* Census of Manufactures, 1967

sfedle

He ek

Cost of Clean Water, March 1971, Vol. II Cost Effectiveness
and Clean Water
This column is obtained by column 4 divided by column 3
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TABLE 5.3 .
COST ESTIMATES OF CLEAN WATER BY
MAJOR MANUFACTURING INDUSTRY

(millions of 1968 dollars)

i
i

]

U.S. Department of the Interior, January 10,

1968, |

t
i
l
i
|

SIC INDUSTRY 1968 | 1969 1970 1971 1972 19731
20 Food and Kindred Products 129.3( 159.1|. 172.4| 188.6{ 200.4| 212.0 .
201 Meat Products 22.3 26,5 28.9 30.2 32.0 33.2
202 Dairy Products 20.71 22.2) 24.0{ 24.9| 26.0| 27. l
203 " Canned and Frozen Foods 24.6( 31.3] 34.4| 36.8] 39.4| .41.7
206 Sugar Refining 32.6| 41.8| 44.2| 52.4] 54.9| 58.8
204,5,7,8,9 All Other 29.1 37.3 40.9| 44.3| 48.1 51.2
22 Textile Mill Products 44.3 51.5| 55.7 59.0 62.0 65.9
26 Paper and Allied Products 48.4| 55.0| 64.8| 68.8) 72.8| 77.0
28 Chemicals and Allied Prod. 77.11 112,91 130.414147.7{ 166,21 181.2
29 Petroleum and Coal 75.9| 79,0 85.3{103.8f 111.3} 118.2
30 Rubber and Plastics, ne.c. 8.0 10.0| 12.3| 12.8| 14.2} 15.3
33 Primary Metals 167.7) 230.21247.2| 259.0}{ 271.9 283.7;
3312 Blast Furnaces and Steel Mills 109.7| 147.91160.7| 168.0| 177.4| 184.0
33ex. 3312 All Other 58.01 82.2186.5 91.0} 95.5 99.7
35 Machinery 7.5] 10.6| 11.8| 13.3] 14.6| 16.0
36 Electrical Machinery 6.5| 9.1 9.8| 10.6| 11.5| 12.3
37 Transportation Equipment 37.7| 43.1)| 45.3) 47.7| 49.6| 51. 9
21,23,24,25 | All Other Manufacturing 38.81 53.3| 59.4| 65.6| 72.0 78.3
27,31, 32, 34, :
38, 39 A1l Manufactures | ;
By Wastewater Profiles [ : . : :
and Estimates 641.2 81-3.27 894,5| 976.9[1046.5|1111. 8
By Census-Municipal | ' )
Projections 877.2 [1130.55 [1271.4 {1411, 4[1542. 3 [1665. 0
i ;
Source: The Cost of Clean Water, Vol. II, Federal Water Pollutmn Control Adrrnmstra.tmn,




economic modeling. These data would have to be compiled and cate-

logued to determine whether additional data are required. A pre-

. _._.liminary overview indicates that problem is one of ''too much' data--

"i.e., the rn'a.jor”work effort will lie in reconciliation of alternative
T T Tlost estimates rather than in collection of new cost data. One

element of such reconciliation worthy of mention is the need for

" consistency in the composition of costs as stated in air and water

control. The latter costs (as outlined in Cost of Clean Water) do not
currently include depreciation in annual operating costs as done in

estimating costs of clean air
D. Proposed Application of the OAP Economic Model System

With a brief survey of the existing data sources and modeling
approach in water and solid waste pollution, it indicates:

. The macro model simulation approach of the
current OAP Regional Economic Model for the
air pollution study can be extended to other
media.

. Such an extension would require some sectoral
reformulation, in particular, the government
sector and water use oriented industries.

. From the existing data sources, it is feasible
to use the refined model to provide the overall
economic impact of water and solid waste pol-
lution at a macro level. More detailed comments
are possible only after further identification of
data sources of such requirements than has been
possible here. '
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As shown in Figure 5.2, fhe extension of the model to other
media would imply additions to the existing components of the OAP
Economic. Model System. Four new components are suggested,
namely, national economic model; water demand and discharge
model; solid waste generator model and an extended government
sector.

A national economic model is included, in addition to the
current I-O model and regional market share matrix, to provide a
dynamic external market scheme to the current cross-sectional
regional model.

The water demand and discharge model can be linked to the
existing manufacturing sector so that total water intake and dis-
charge can be related to the production levels of each industry. In
the case of water, primary and secondary treatment of waste water
are, in general, a public sector effort. Therefore a tax or charge
must be determined for each industrial userpossibly based on the
amount of discharges and BOD content. Such charges or taxes
wouid become additional costs to the industries which can be then
treated in a manner similar to the operating costs of air pollution
control in the OAP Economic Model.

The solid waste generator model is similar to the water model

in that physical relations can be determined between economic

L}
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Figure 5.2

PROPOSED MODIFICATION OF THE OAP ECONOMIC MODEL SYSTEM
FOR WATER AND SOLID WASTE POLLUTION CONTROL SIMULATION

. s 3 . sm S — -
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activities (both production and consumption) and solid waste genera-
tion. Again, taxes and public expenditures for the treatment of
solid wastes can be included in the model as in the case of water.
As new water and solid waste components are added to the model,
the need for an extended government sector as detailed in the next
chapter is obvious.

A more detailed look at the additional components of the model
is provided in Figure 5.3%. What is outlined is only a scheme and
detailed specifications of the model can be undertaken. The water
derﬁand and discharge model, essentially, established the relations
between manufacturing productions and waste water discharged.
Detail data available for each industry includes:

Total water intake.
Water treated prior to use.
Water for process,
. Water for air conditioning.-
. Water for steam electric power generation.

. Water for other cooling and condensing.

* See CONSAD Research Corporation - op. cit. p.37
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Figure 5.3 )

- PROPOSED MODIFICATION FOR THE REGIONAL MODEL
- A MORE DETAILED LOOK:

Current OAP Regional Economic Model

Modification of the Model
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. Water for boiler feed, sanitary services
and other uses.

. Total water discharged.

. Water discharged into public utility sewer.

. Water discharged into tidal water body.

. Water discharged into the ground.

. Waste water transferred to other users.

. Waste water treated before discharged, etc.

Data on BODs and control cost estimates by industry are also
availéble (Tables 5.2 and 5. 3).

Once the relations between industrial productions and water
demand and discharge relations are estimated, control cost - both
investment and operating costs - can be introduced in a manner
similar to air pollution control costs. In addition, water discharged
into public sewers may lead to sewer charges to industry according
to amounts of BODs to be treated in public facilities. This position
again becomes an additional cost to the industries. At the same
time, an incrAeased demand for sewage capacity and primary apd
secondary treatment facilities would lead to increased public in-
vestments and in turn to higher taxation at the Federal, State and
local levels. Therefore, a detailed sectioning of government

sector in the OAP model becomes important as the role of
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government increases. A possible formulation is given in Chapter 6.
Solid waste control costs are partially in the air pollution
control costs and partially borne by the public sector which costs

could enter the model as additional taxes.
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CHAPTER 6: REMARKS AND RECOMMENDATIONS

Phase I of the effort to utilize the OAP Economic Model Was-
guided by three objectives. The first objective was to exercise the
model through the simulation and indepth interpretation of the econo-
mic effects of a wide range of implementation s’cr-ategies. The second
was to incorporate economic and control cost data more recent than
1967. The third objective was to utilize the model system to identify
potential areas for model refinement and extension prior to further
applications. It is to the assessment of the third objective that this
chapter is addressed.

Suggestions for refinement of the model structure naturally be-
gins from an assessment of the performance of the model in the simula-
tion of strategies. Consequently, this chapter opens with a brief dis-
cussion of the nature of simulation and its accura;:y through a conver-
gency test. This discussion suggests that the results of convergency
tests, while encouraging, ought to be reinforced by a validation of the
Regional Model. While the full range of model refinements must await
the validation test, the experience gained in the strategy simulation des-
cribed in this report does suggest a number of refinements which are

described in the rest of the chapter.
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A. Simulation and Accuracy

The OAP model was estimated with cross-sectional data for
1967. The OBE projections by AQCR were used to describe the re-
gional economies of these AQCRs from 1973 through 1977. Some as-
sumptions underlying these projections and their use in the simulation
warrant comment.

First, the OBE projections must be regarded as a '"'trend"
projection by each AQCRs. Consequently, they tend to ignore cyclical
fluctuations of the real economy. In particular, OBE assumes a four
percent regional unemployment rate for the years 1973-1977.

How accurate are the estimates of endogenous variables in the
simulation? Generally, simulation results are subject to three types
of errors:

. error in specification,
« error in measurement, and
. error in simulation.

Errors of specification arise from a misunderstanding or pur-
poseful simplification in the phenomena being represented in the model;
non-inclusion of relevant variables or improper formulation of func-
tional relationship (e.g., linear instead of a non-linear relationship).

Errors in measurement arise from inaccuracy in assessing a magnitude

such as an economic forecast, and control cost data. Finally, an
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error of simulation may.result. frorr-l the process of simulation. e.g.,
the Newton Method to solve a non-linear system by an iteration proce-
dure¥ Again, while a set of equations are solved in a recursive
manner, errors from previous stages of simulation will be cumulatively
propogated to later stages.

With all types of errors combined in the estimated results obtained
from the model, there is no unique method to distinguish the sources
of error as described above. This is to say, it is not easy to break
down a given measurement of the error, say Y -¥, into the three cate-
gories described above.

Second, the simulation of the OAP regional model 1s structured
to measure changes due to the control strategy in each year. These
"changes with control' of each endogenous variable were measured
under the following assumptions.

Suppose

y=a+ bx+ u

where
y is endogenous variable

X is exogenous variable
a, b are "true'" coefficients
* Evans, M. K. and L. R. Klein, The Wharton Econometric Fore-

casting Model, Wharton School of Finance and Commerce, University
of Pennsylvania, 1967, Chapter IV, pp. 39-43.
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u is error term
then the estimated relation will be:_

V=73 + bx (1)
If the value of x with '"control strategy' becomes x*, then the y
becomes y*.

y =% + bx (2)
And, if we take the difference between (1) and (2) which is, by defini-

tion, the ''change with control', we get:

PaS
’)7=/a\+ b x
E e 0 %
)y =2+ bx" where Ax = X -x
R ay =y -y
Ay: b Ax

This demonstration shows that the measurements of '"changes

with control' are affected only by the accuracy of b coefficients and

not by the accuracy of a coefficients:
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As shown in the preceeding.figure, for a given region A, given XA,
the estimated value will be '?(A rather than YA (which is the true value).
If the slope of equations is a ''true'' estimate (ﬂ = b) then the differ-

- A
ence between YA and YA will be a' - a. In some econometric models,
that are estimated combining cross-sectional and time-series data, it
is customary to introduce a set of '"dummy variables' which are no
more than (3! - 2) for each geographic unit in the model, *

Third, the regional model simulation provides not only changes
due to control for each yeér but also the cumulative values for the en-
dogenous variables over the implementation period. The only excep-
tion is unemployment rate, for which annual changes from the OBE
four percent rate are provided. For all other endogenous variables,
the cumulative effects of control strategies over the implementation

period are produced as illustrated in the cost of regional personal

income in Pittsburgh from 1973 to 1975. (Figure 6. 1)

. * A model of this kind is Crow, Robert T., An Econometric
Model of the Northeast Corridor of the United States, prepared for the
U. S. Department of Transportation, March, 1969. In this model the
entire region has been divided into three subregions, for the estimation
of the model, a set of subregional dummy variables have been used
which can be viewed as the equivalent of (2' - 3).
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Figure 6.1
Projection of Regional Personal Income
in Pittsburgh AQCR with and without
control of air pollution. An example
year 1973 to 1977.
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Personal income Personal income Annual Cumulative

without control with control change change
($ million in ($ million in with with control
1967 dollars) 1967 dollars) control ($ million)
: ($ million)
1973 9942.7 9937.9 - 4.8 - 4,8
1974 . 10273.8 10252.0 - 17.0 - 21.8
1975 10604.9 10516. 7 - 66.4 - '88.2
1976 10996. 8 10802. 9 -105.7 -193.9
7 11096.1 - 98.7 -292.6

1977 11388.

However, preliminary comments ébout the simulation results
are possible from a convergency test of the simulation program. The
income determination and labor rr:;ark.et blocks of the regional model
were included in this convergency test. The criterion of the iteration
method used in this test was the following:

(v) (v-1)

- Y.

Y, ;

< 0.001
(v-1)
Y

L i —

The results for 16 AQCRs are shown in Appendix D.* When the estimated
values for the endogenous variables in the labor market block -~ non-
manufacturing employment, labor force, unemployment rate and total
manufacturing employment -- are compared with the actual values,

the differences are encouragingly under 2% for the AQCRs.

* Results are also shown in Table 6. 1.

*
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Table 6.1
Comparison of Estimated and Actual
Values of Personal Income, 1967

Degree of Under-|Degree of Over-
production by production by
: AQCR Model (%) Model (%)
New York ' 3.3
Chicago 11.1
Los Angeles 3.2
Philadelphia 7.9
Detroit . 0.9
San Francisco 10.7
Boston 17.9
Pittsburgh 4.6
St. Louis 4.5
Washington 34.2
Cleveland 2.0
Baltimore
Minneapolis 1.4
Houston 10. 4
Buffalo . 33.5
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For the endogenous variables -- personal income, consumption
and government expenditures -- in the income block, the fit is less
adequate; however, the differences between actual and estimated values
display on interesting pattern.

The model estimates in ti’xe first iteration within five pereent
of actual value for nine of the 15 AQCRs ~-- in Appendix D. For five
AQCRs -- Chicago, Philadelphia, San Francisco, Boston and Washing-
ton, D. C. -- the model underestimates the regional personal income
far in excess of five percent of actual value. It must be noted that
regional personal income data used here pertains to the income of the
residents. These AQCRs, except for Washington, D. C., are domin-
ant regional metropolitan centers, with large numbers of headquarter-
offices and whose residents receive income from other regions. |
Washington, D. C., is, of course, the seat of the federal government.

On the other hand, for two AQCRs -- Buffalo and Houston -- are
in the nature of ''colonial' centers whose incomes are ''diverted'' partly
to residents in other regions. Other examples of this type of AQCR
are Allentown, Youngstown, and Johnstown, which house plants that
are headquartered elsewhere. -

Convergency tests provide only a partial assessment of the model.

As VanHorn suggests, the ''learning' from a simulation comprises two
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stages.* The first stage helps understand the behavior of the simula-
tion itself in terms of the relations between inputs and outputs. The
second and, often, the more difficult stage, is to translate the ''learn-
ing'" from the simulation to ''learning'' about the actual process -- func-
tioning of the economy. A validation test is an example of the second
type of learning and is appropriate as the springboard for future refine-
ment of the OAP regional economic model.

The experience gained in the simulation of strategies in Phase I,
however, suggests a number of refinements in the model to be more
responsive to the emerging needs of EPA. These are presented in order
next.

B. Policy Simulation and
Government Sector

One of the most important dim‘ensions of an implementation strategy
specification is the cost sharing scheme between the government and
industries. The simulations in Phase I used 59 percent of government
assistance under the assumption that this kind of assistance is the

result of a combination of cost sharing provisions such as accelerated

% Richard L. VanHorn, ""Validation of Sifnulation Results',
Management Science, Vol. 17, No. 5, January , 1971, page 247.
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depreciation, investment tax credits, tax exemptions, government
loans and loan guarantees and direct aid in the form of grants and
technical assistance. It would be definitely desirable to introduce each
of these cost sharing provisions separately in the model instead of
inputing this overall level of assistance.

Such a capability can be built into the model if the federal, state'
and local government sectors are recognized in the model. Currently,
only the local government sector has been included in the model.

Given the result that the regional economy is quite sensitive to the cost
sharing scheme in any given strategy, further refinement of the public
sector of the current model is warranted.

Klein has suggested that in an "ideal' regional model, the

following government sector equations should be included. *

SL
(1) Ty = F1lW; L, ™i) direct regional taxation
{state and local)
SL
2) T =f Z(Fi’ Xi) indirect regional taxation
Xi '
F
(3) T, =f 3(Wi Li"i) Federal taxation
i
(4) TR =5, uN)  regional transf t
i 4 (U Ny egional transfer paymen
SL
(5) C-iSL =f 5(Ti » Nj, 1) Regional government expenditure
SL SL SL . .
(6) Ti = Tp.1 + Tys total regional taxation
*Klein, Lawrence R., '"The Specification of Regional Econo-

metric Models", Papers, the Regional Science Association, Vol, 23,
1969, pp. 105-115,
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state and local direct taxes
wage rate
employment

non-wage factor income
state and local indirect taxes

state and local direct taxes

GRP (gross regional product) deflater.

gross regional product
taxes paid to federal government

transfer payment
regional unemployment

population
state and local expenditures
state and local receipts

interest rate
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This specification of the public sector needs to be augmented by
additional equations appropriate for air pollution control strategies.
For example, property taxes can be separated from equation (1) so
that when the regional estimate of property values are available before
and after control, the reliability of estimates of benefits in the region-
al model can be improved.

Second, indirect taxes in equation (2) can be used to alter dif-
ferent cost sharing schemes and economic incentive schemes in air
pollution control in conjuncvtion with profit and investment equations of

the manufacturing sector.
C. Investment Function

Besides the government sector, another sensitive variable in the
model is the investment behavior of the high emission industries. In
Chapter 4, investments for manufacturing production appeared to be
the most sensitive variable under the alternative implementation
strategies. As more detail is provided to introduce cost sharing and
economic incentive schemes during model refinement, improvement of
the profit and investment equations will be necessary. In the current
model, the investment equations were estimated with cross-sectional

data for 1967. Any improvement of the investment equations must
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include some analysis of overtime investment behavior, often described
as '"lag distribution' of the investment behavior. An example of such
an analysis is provided by Shirley Almon. ¥ Almon's empirical study
shows different patterns of in\/;estment among different manufacturing
industries. -It may be, therefore, desirable to estimate investment
functions by industry based on time series data in order to account

for the time lags of the business investment phenomena.
D. Treatment of Benefits

The level of benefits of air pollution control is current assumed
at $10 billion or $15 billion over the implementation period. This is
no more than a rough estimate of net benefits based on a list of inde-~
pendent studies on health,expenditure, damage to buildings, property
values, agricultur;e, etc. Further, the induction of this benefit into the
model leaves something to be desired. It has been argued that the re-
gions with a higher level of emissions before control will experience a
considerably greater benefit after control. Thus, the increases of pro-
pgrty values in Pittsburgh, for example, would be higher under a given
control strategy than in San Francisco. The way benefits are fed into
the model currently, such variations are not likely to be reflected.

* Almon, Shirley, '""The Distributed Lag Between Capital Appro-
priations and Expenditures,' Econometrica, January, 1965, pp. 178-186.
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Third, instead of using total estimate of benefits, it may be
mofe desirable to treat more specifically itemized benefit categories.
Examples of such categories are regional property values, increase
in labor productivity in terms of reduction of number of sick days due
to the air pollution, increased demands for control devices and man-
power requirement, etc. With more reliable data on each specific
benefit category, the reliability of simulation output will be improved.
Alternatively, specific parameters of the model may be judgmentally

modified to reflect these changes.
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I. INTRODUCTION

A state-of-the-art. survey of the literature relevant to the eco-
nomics of water pollution and solid waste management was initiated as
a first step in the assessment of feasibility of applying the current eco-
nomic model system to water pollution control and solid waste manage-
ment. This annotated bibliography was restricted to the most recent
literature, apart from the classical references on environmental man-
agement.

Key words to characterize the selective literature survey pro-
vided in this working papér are:

Economics of waste management,
Costs of control,

Key pollutant types by industrial
classification, and

. Legislation and administration.
This bibliography was prepared by Teresa Romanowska-

Lakshmanan, Library Consultant,
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A. STANDARDS AND CRITERIA FOR
WATER POLLUTION CONTROL

1. National Association of Manufacturers. Water in Industry: A Sur-
vey of Water Use in Industry. New York, 1965.
Survey by type of industry, tables and data on industry
water requirements,

2, Santaniello, R, M. "Water Quality Criteria and Standards for In-
dustrial Pollution Control Effluents.' Industrial Pollution Con-
trol Handbook. Edited by H. ¥, Lund. New York: McGraw-
Hill, 1971, Chp. 4, pt. 2, pp. 4-23 -- 4-40.

The water physical and chemical pollutants are listed with
the concise definition of each, the source and polluting effects,
and required standards (or maximum permissible quantity
present) of pollution control are given. Standards are designed
to meet pollution control requirements of 1971. :

3. U. S. Federal Water Pollution Control Administration. Water
Quality Criteria. Report of the National Technical Advisory
Committee to the Secretary of the Interior. Washington, D.C.:
U. S. Government Printing Office, 1968, x, 234 p. ('literature
cited' after each chapter).

Water pollution control standards for recreation and
aesthetics, public water supplies, fish, other aquatic life and
wildlife, agricultural uses, and industry (seven most polluting
industries represented: (1) steam generation and cooling,

(2) textile, lumber, paper, (3) chemical and allied products,
(4) petroleum and coal, (5) primary metal industry, (6) food
and kindred products, and (7) cement industry).
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B. SOURCES AND TYPES OF POLLUTANTS
AND METHODS OF TREATMENT

4, Besselieve, E. B. The Treatment of Industrial Wastes. New York:

McGraw-Hill, 1969,
This is one of the first comprehensive textbooks on the sub-

ject, with emphasis on cost analysis and modern management.
A comprehensive coverage of the methods of waste water treat-
ment given in chapter eight. The author has been a consultant
on water pollution problems for many years. The textbook
written for engineers but may be used by a non-technical reader.

5. Clark, J. W.; Viessman, Jr., W.; and Hammer, M. J. Water
Supply and Pollution Control. 2nd ed. Scranton, Pennsylvania:
International Textbook Company, 1971, 661 p. (bibliography in-
cluded after each chapter).

Comprehensive coverage of problems of water supplies,
requirements, and waste quantities. The systems for treating
water and wastes and treatment processes are discussed in de-
tail. Numerous mathematical formulae, tables, diagrams, and
flow charts are given. Although meant for engineering students,
may be used as a reference by a layman.

6. Culp, R. L.; and Culp, G. L. Advanced Waste Water Treatment.
Cincinnati, Ohio: Van Nostrand Reinhold Company, 1971,
317 p.

This book describes the work on pollution abatement in
Lake Tahoe, California. A concise description of character-
istics of secondary effluents: organic, inorganic, particulates,
viruses, is given. Several modern methods of secondary waste
water treatments used at the Lake Tahoe Project are discussed.
Emphasis is put on costs and efficiency of the methods. A long
list of references, many tables, diagrams and statistics make
this book an excellent reference tool, even for a layman.

7. Eckenfelder, W, W, Industrial Water Pollution Control. New York:
McGraw-Hill, 1966, 275 p. (includes bibliographies).'
A textbook on waste water treatment. Description of
methods, many mathematical formulae and diagrams are given.
A typical textbook for engineers. A summary of "Source and
Characteristics of Industrial Wastes'' is given in the first chap-
ter.
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8. Grava, S. Urban Planning Aspects of Water Pollution Control, |
" New York: Columbia University Press, 1969, 223 p. (anno-
tated bibliography, pp. 188-209).

A comprehensive coverage of the planning aspects of water
pollution in the cities (a watershed management model, techno-
logical aspects of sewage, administrative and regulatory aspects,
financial situation and local planning agencies) is given. Chap-
ter three contains a description of ''Source and Types of Pollu-
tants, ' with some statistical data. This textbook constitutes
one of the first efforts to present the pollution problem from the
urban planning point of view. Reading may be useful to an in-
terested layman.

9. Gurnham, C. F., ed. Industrial Waste Water Control: A Textbook
and Reference Work. New York: Academic Press, 1965,

476 p.
A basic textbook on methods of waste water and solid wastes
treatment in various industries (organic and inorganic). No

mathematical formulae.

10. '"Industrial Wastes Profile, No. 1-10.'" Vol. 3, pt. 1-10 of U. S.
Federal Water Pollution Control Administration. The Cost of
Clean Water. Washington, D.C.: U. S. Government Printing
Office, January 10, 1968, 4 v.

This volume constitutes a detailed survey of the ten most
polluting industries. The costs of the processes of waste re-
duction or removal from the polluted water are given. The
summary tables, flow charts and diagrams are included.

11. '"Inorganic Chemical Industry Product Prefiles. " Vol. 3, pt. 1-10,
of U. S. Federal Water Pollution Control Administration, The
Economics of Clean Water,. Washington, D.C.: U. S. Govern-
ment Printing Office, 1970, 4 v.

The appendix contains the survey of individual product pro-
files of inorganic chemical industry with data on 1969 and 1974
production tons/year, uses, process, and waste problem,
Compiled from various available published sources. Process
flow charts and summary cost pollution control tables are in-
cluded.
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12. '"Inorganic Chemicals Industry Profile. " Vol. 3, xvii, 467 p. of
U. S. Federal Water Pollution Control Administration. The
Economics of Clean Water. Washington, D.C.: U. S. Govern-
ment Printing Office, 1970, 4 v,

The description of the inorganic chemical industries (pro-
duct, technology, process, waster water treatment) and the
costs that the industry would incur in attaining various levels
of pollution abatement over the five-year period through 1974
are given. A description of manpower requirements for the
operation and maintenance of foregcing waste treatment facil-
ities is provided. The corresponding cost estimates are based
on published data from Manufacturing Chemists Association.
The. summary tables and process flow charts are included. The
detailed survey of the various industries is included in the
Appendix C, pp. 178-244,

13. Klein, L. River Pollution, III: Control. ILondon: Butterworths,
1966, 484 p. (list of references included).

A comprehensive coverage of pollution problems in the
rivers: detection, measurement and abatement. Methods of
sewage disposal and purification, and disposal and treatment
of industrial waste water are discussed in detail. Many tables,
diagrams, statistics and bibliographical references are given.

This is a textbook for students in Great Britain. The water
quality standards for rivers, sewage effluents and industrial
waste water in the British content are given. Very useful for
comparison of the situations in Great Britain and the United
States.

14, Lund, H. F., ed. Industrial Pollution Control Handbook. New
York: McGraw-Hill, 1971, lv. various paging.

Very comprehensive coverage of all aspects of the indus-
trial pollution control. Designed to provide guidance in what
should be done and how it can be done to eliminate pollution and
prevent further pollution. History of Federal and state pollu-
tion control, pollution control by industry (every majo"r indus -
try where pollution is a major problem) have been described.
Operating costs and procedures of industry pollution control
engineering and pollution control equipment are discussed in
detail. All throughout the book the emphasis is given to cost,
efficiency of performance to attain new standard requirements,
and up-to-date technology is given. May be used by interested
layman,
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15. "Pollution Control by Industry Problem. ' Industrial Pollution Con-
"~ trol Handbook., Edited by H. F. Lund. New York: McGraw-
Hill, 1971, Sections 2 and 3 (Chapters 10-26).

Air and water pollution control methods and equipment in
ten major pollution industries are described. Emphasis on cost
and efficiency of system operation. Up-to-date processes and
equipment, The pollution control systems in European indus-
tries are included.

16. Ross, R. D. "Pollution Waste Control. ' Industrial Pollution Con-
trol Handbook. Edited by H, F. Lund. New York: McGraw-
Hill, 1971, Chapter 7. '

Description of sources, methods (engineering), and equip-
ment of waste control. Up-to-date processes and equipment
applied in disposal of gaseous wastes, liquid wastes and solid
wastes are described in detail. The emphasis is on the effi-
ciency of the treatment processes and cost estimates.

17. Sitting, M. Water Pollution Control and Solid Waste Disposal.
(Chemical Process Review, No. 32)., Park Ridge, New Jersey:
Noyes Development Corporation, 1969, 244 p.

A short discussion of the problem of population growth and
increase of solid waste and water pollution. The types of water
pollutants from major polluting sources (watercraft, oil indus-
try, chemical industry, etc.) and the processes of their re-
moval are discussed in detail. Description of the processes
are concise and based on up-to-date patented materials and
methods. Numerous diagrams, photographs of the equipment
and process flow charts are included. Good background reading
on pollution sources and processes for a technician and a lay-
man alike.

18. Tebbutt, T. H. Y. Principles of Water Quality Control. Oxford:
Paragon Press, 1971, 179 p.
Concise textbook on characteristics of waters and waste
waters, and treatments of waste water. Numerous tables and
diagrams. Intended as an introductory textbook.
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C. ECONOMICS OF WATER RESOURCE
DEVELOPMENT AND MANAGEMENT

19, Bramhall, D. F.; and Mills, E. S. "Alternative Methods of Im-
proving Stream Quality: An Economic and Policy Analysis, "
Water Resources Research, Vol. 2 (3rd Quarter), 1966.
pp. 355-363.

There are no market or other institutional mechanisms to
register the benefits-and-costs of stream qualities. It is nec-
essary to study economics of the design, as well as public pol-
icies, in treatment of stream qualities. There are two methods
analyzed: (1) waste treatment, and (2) augmentation of low
flow. Estimates of both methods are given for a stream in
Maryland State, applicable to all humid eastern United States.

Conclusions are: (1) low flow augmentation is a less eco-
nomical method than 90% waste removal by secondary treatment
at the point of waste generation, and (2) a combination of efflu-
ent fees and enforcement is judged desirable.

The mathematical formula for determination of optimum
process (model) is given, and public policies for improving
water quality are evaluated. Includes mathematical formulae,
diagrams and tables.

- 20, Cleary, E., J. The ORSANCO Story: Water Quality Management
in the Ohio Valley Under an Interstate Compact. Baltimore:
The Johns Hopkins Press, 1967, 335 p.

In this book, the experience of the Ohio River Valley Water
Sanitary Commission is recorded and appraised by its executive
director and chief engineer since its establishment in 1948,
ORSANCO is a unique institution for water quality management
with a remarkable record of accomplishment in combating water
pollution through a large river valley and over the state's bound-
aries. Its story shows day-to-day problems in planning and en-
forcing the water pollution control. The political aspects, as
well as technical aspects, are discussed. .

21, Davis, R. K. The Range of Choice in Water Management: A Study
of Dissolved Oxygen in the Potomac Estuary. With the contribu-
tions by R. M, Steinberg, L. J. Hetling, and N. C. Matalas.
Baltimore: published for Resources for the Future by the Johns
Hopkins Press, 1968, 196 p. (bibliographical footnotes).
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The study is an application of economic analysis to the
water resources planning process. Benefit-cost analysis is
used in defining water quality level, developing system com-
ponents and choice of alternatives in water quality management.
Mathematical models are presented in detail. The political
process in water management is discussed.

22, Goodman, A. S.; and Dobbins, W, E. '"Mathematical Model for
Water Pollution Control Studies.'" American Society of Civil
Engineers, Journal of the Sanitary Engineering Division,

Vol. 92, No. SA6, 1966, pp. 1-19.

' The article discusses a methodology (model) for analysis
of the physical, economic and administrative relationships in
water pollution control. The model is devised for a river and
tributaries. The water from the river is used as municipal
water supply, disposal of treated sewage,and recreation by the
population and industries along the river. The equations and
procedures of pollution control are discussed in detail. The
model may be applied in engineering and planning studies of
pollution control. Numerous tables and diagrams are given.
Very clear presentation may be useful to a layman interested
in the problem.

23, Hammond, R. J. Benefit-Cost Analysis and Water-Pollution Con-
trol. Stanford: Stanford Food Research Institute, Stanford
University, 1960, 95 p. (bibliography, pp. 81-88).

The book consists of a descriptive cost-benefit analysis of
water pollution. It is the first summary of application of this
method to water pollution control problem. No mathematical
model given. Historical background df cost-benefit method
application by Corps of Engineers to water reclamation proj-
ects, etc.; critic of late 1950's approach to cost-benefit is
given. Very good analysis of water pollution problem, the pol-
lution abatement and application of cost-benefit. Understand-
able to an educated layman.

24, Harvard Water Program, Harvard University. The Economics of
Water Supply and Quality. For the Water Quality Office, Envi-
ronmental Protection Agency. (Water Pollution Research
Series 116 110 DTF 02/71). Washington, D.C.: February,
1971, 71 p.

The introduction is given in Section I.




Section II of the report discusses: the economics of clean
water supply, drought and water supply shortage in municipal
system planning, and includes a mathematical model for clean
water system planning. Economics of water quality manage-
ment for a river basin and a mathematical model are also dis-
cussed. The pollution problem is analyzed in municipal waste
management problem with a discussion of cost-sharing schemes,
and a model of municipal decision process. An estuary water
quality management is given as a sample application of the
model.

Section III consists of a monograph on water quality man-
agement. Reading requires some background in economics.

25. Hufschmidt, M.; and Fiering, M. B. Simulation Techniques for
Design of Water Resource Systems. Cambridge: Harvard Uni-
versity Press, 1966,

Presentation of the simulation of a water resource system:

(1) system definition, (2) data analysis, (3) system variables,
(4) operating procedure, (5) cost and benefit functions, and

(6) summary of economic analysis. This is a highly technical
work, most of the book consists of the detailed analysis of the
simulation program and its subroutines, with a chapter on
lessons and future prospects of applications. Requires back-
ground in economics.

26, Karrer, D. A Systems Approach to the Establishment of a Basin
Organization for Water Quality Management. Unpublished
thesis, University of Pittsburgh, 1969.

Detailed analysis of the hypothetical, most efficient organ-
ization of a River Basin Commission,* its authority and methods
applied in pollution control. Hypothetical model for BOD con-
tent for effluent standards to estimate cost of waste treatment
is included (pp. 79-83).

27. Kneese, A. V. The Economics of Regional Water Quality Manage -
ment. Baltimore: The Johns Hopkins Press for Resources for
the Future, 1964, 214 p. (bibliographical footnotes).

28. Kneese, A. V.; and Bower, B. T. Managing Water Quality: Eco-
nomics, Technology, Institutions. Baltimore: The Johns
Hopkins Press for Resources for the Future, 1968, 328 p.
(bibliographical footnotes).
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This book is a substantial revision and extension of the
1964 edition. It presents the water management problem and
the pollution control problem in an exhaustive, but clear fashion.

The nature of the water quality problem.is derived from
three issues: What levels of quality?, How can a given level
be achieved at least cost?, and What institutional and organiza-
tional arrangements are needed?

Water pollution is examined from the standpoint of type of
pollutants, uses of water, managing of wastes. The economic
concepts and policies for controlling pollution are analyzed for
individual and regional systems.

The book is written very clearly and may be understood
by a non-economist.

29, Maas, A., et al. Design of Water-Resource Systems: New Tech-
niques for Relating Economic Objectives, Engineering Analysis,
and Governmental Planning. By A, Mass, M. M. Hufschmidt,
R. Dorfman, H. A. Thomas, Jr., S. A. Marglin, and G. M.
Fair. Cambridge: Harvard University Press, 1962, 620 p.
(bibliographical footnotes).

The book reports the results of a large-scale program de-
voted to the methodology of planning or designing complex, mul-
tiunit, multipurpose water resource systems., It is a detailed
presentation of basic economic concepts of a system design
(production function, net benefit function and optimality condi-
tions), and the economic factors affecting the system (budgetary
constraints, dynamics of water resource development). The '
model is presented in graphic and mathematical form. Conven-
tional and new economic methods and techniques (simulation,
mathematical model) are described. . Also the governmental
factors, i.e., influence of political process on system design
is analyzed. Rather technical.

30. McJunkin, F. E. "Economics of Water Quality Management, "
Proceedings of the Fifteenth Southern Water Resources and
Pollution Control Conference Sponsored by Duke University,
North Carolina State University, and University of North
Carolina. Held at North Carolina University, Raleigh, North
Carolina, April 6-8, 1966, pp. 34-43 (list of references in-
cluded). '




This article presents a review of current (1960's) situation
of public water policy, ''the water resources of the State shall
be prudently utilized in the best interest of the public.' In the
free market economy, such a policy allowed pollution to grow,
Thus, the system approach to economic efficiency of pollution
control or water quality management is discussed as one of the
methods. The effluent charges, low flow augmentation are dis-
cussed as techniques that can be applied within the system.

Review of the trends in Federal policy for the future is
also given.

Pillsbury, A. F., ed. Proceedings of the Water Pricing Policy

Conference, University of California, Los Angeles, 1968,
(University of California Water Resources Center, Report No.
13). Los Angeles: Water Resources Center, University of
California, 1968, 109 p.

Discussion of several aspects of price of clean water use:
role of planning in pricing water, economist role, and ''produc-
tion'' of water, social constraints on water policy, and con-
sumer's viewpoint and policy decisions,

T,

Timmons, J. F. "Economics of Water Quality.'" Water Pollution,

Control and Abatement. Edited by T. L. Willrich and N. W,
Hines. Ames: Iowa State University Press, 1967, 194 p.
(bibliographical references, pp. 33-50).

This article presents a general discussion on economics of
water quality: (1) identifying levels of water quality, (2) the
technological means for achieving particular water quality, i.e.,
cleaning of polluted waters, (3) criteria, (4) cost and benefits,
and (5) structure of law and administrative procedures.

U. S. Federal Water Pollution Control Administration. The Cost

of Clean Water: Economic Impact on Affected Units of Govern-
ment. Washington, D.C.: U. S. Government Printing Office,
1968, 227 p.

This study presents and evaluates all available data on
water-borne waste sources, treatment technology, control de-
ficiency, and the requirements of state and local governments
to achieve the desired water quality standards for beneficial
uses. The study relates the requirements for sewage treat-
ment plant construction in perspective to other competing proj-
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ects confronting the affected units of government, and it ap-
praises the major financial and legal problems which will be
encountered in implementing the Water Quality Standards
(Preface).

The requirements, capital outlays, financial ability of
states, legal constraints on states and local governments in
financing the require capital outlays are discussed. (Detailed
tables included in Appendix IV, pp. 202-226.)

(1968) U. S. Federal Water Pollution Control Administration. The

Cost of Clean Water. Washington, D, C.: U, S. Government
Printing Office, January 10, 1968, 4 v.

‘Vol. 1: Summary Report, 39 p. (''references cited, ' p. 39).

This report presents summary and conclusions on initial
estimates of the National requirements for and the costs of
treating municipal, industrial and other effluents during the
FY 1969-1973 to meet water quality standards established
under the Water Pollution Act (1965, 1966).

Some of the findings are: (1) the cost of constructing waste
treatment plants and interceptor sewers is estimated at $8 bil-
lion, (2) by 1973, the urban population required the sewer facil-
ities will comprise circa 75% of the population of the country,
(3) the significant cost reduction may be achieved through estab-
lishment of the intermunicipal sewage treatment and disposal
system and districts, (4) better in-plant controls and process
changes, and joint municipal and industrial treatment will im-
prove efficiency of waste abatement, (5) operating costs will
increase and continue to rise, and (6) constructing costs will
require new capital outlays (charges, bonds, etc.).

Vol. 2: Detailed Analyses, in three parts, varioug paging.

Vol. 2, part I: Municipal Requirements and Cost Estimates,
xv, 47 p. (bibliography, pp. 44-47).

The requirement for, and the costs of, treating municipal
waste effluents to attain water quality standards during the FY
1969-1973 by state and water region are discussed.

The cost estimates include the requirements and costs of
controlling water pollution from unsewered urban population
and from combined sewer overflows since these, too, are re-
lated to the total problem. The costs are considerable. Sum-
mary tables included.
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Vol. 2, part II: Industrial Requirements and Cost Estimates,
pp. 51-163 (bibliography, pp. 153-163).

The volume of industrial wastes and then costs of methods
of industrial waste control, unit costs, and cost of regional
facilities are analyzed. Summary tables included.

Vol. 2, part III: Other Effluent Requirements and Cost Esti-
mates, pp. 167-244 (bibliography, pp. 242-244).

Costs of control of wastes from watercraft, radioactive
industrial wastes, erosion and sedimentation, acid mine drain-
age, feedlot pollution, pesticides, lake salinity, oil pollution
are analyzed and estimates given. Summary tables included.

Vol. 3: Industrial Waste Profiles, No. 1-10, in ten parts,
various paging.

The wastes produced by ten most polluting industries are
discussed along the following lines: projected waste loads (in
tons and dollars), the replacement values for the existing treat-
ment facilities, as well as anticipated costs for future treat-
ment practices in terms of capital and operating costs. Each
industry has been surveyed in detail; the waste water sources
are discussed, as well as treatment methods, and processes
of production. Flow charts, diagrams and numerous tables
are included.

Vol. 4: State Major River Basin Municipal Tables, v, 44 p.

Costs of standards attainment by 1973, adequate waste
treatment, urban population used as measure of industrial
maintenance and sanitary costs are discussed. Summary
tables given (in 1968 dollars). )

(1969) U. S. Federal Water Pollution Control Administration. The

Cost of Clean Water and Its Economic Impact. Washington,
D.C.: U. S. Government Printing Office, 1969, 4 v.

Vol. 1: The Report, xiv, 220 p,

This report updates the 1968 analysis of costs. The pro-
gress and needs of waste treatment facilities investment are
analyzed. The conclusion being that current and expected rate
on municipal investment are inadequate to meet the water quality
requirements by 1973. The industry's corresponding rate has
been more adequate. Summary tables, diagrams, maps in-
cluded. '



Vol. 2: Appendix, v, 541 p.

This appendix provides the statistical data from 1962 and
1968 Federal Water Pollution Control Administration Municipal
Waste Treatment Inventories, and State water quality standards
implementation plans. '

Vol. 3: Sewage Charges, viii, 103 p. (Yreferences cited, "
pp. 98-103). )

This is a review of methods of financing waste water col-
lection and treatment systems with discussion of the user
charge program by local government units as a means of rais-
ing needed revenues. The analysis of various user charge sys-
tems is provided on the basis of results of a model system
analysis.

The data on sewerage charges by state are presented in
summary tables (Appendix).

Vol. 4: Projected Water Treatment Costs in the Organic Chem-
icals Industries.

(1) five-year projected range of cost estimates for attaining
various levels of water pollution controls, and (2) improved
methodology for projecting treatment cost estimates for other
industries (models) are discussed.

(1970) U. S. Federal Water Pollution Control Administration. The

Economics of Clean Water. Washington, D.C.: U. S. Govern-

ment Printing Office, 1970, 4 v. (bibliography in vol. 3,
pp. 460-467, Appendix F).

Vol, 1: Detailed Analysis, xi, 168 p.; tables and charts.

Contains analysis of the investment trends and needs in pol-
lution facilities treatment, Federal cost sharing, priority sys-
tems, public treatment of industrial wastes, regional-waste-
handling systems, and the facilities evaluation model. Sum-
mary statistical tables are included.

Vol. 2: Animal Wastes Profile, xv, 85 p., tables, diagrams,
maps.

Overview of animal wastes production, and of cost estima-
tion, common characteristics of animal wastes discharged to
water (by type of animal) and control methods are described.
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Vol. 3: Inor}zanic Chemicals Industry Profile, xvii, 467 p.
(bibliography, Appendix F, pp. 460-467).

Projected industry growth, waste water characteristics,
treatment methods and industrial waste treatment practices,
plant survey data, costs of unit waste water treatment methods,
costs versus effluent quality relationships, projeéted industry
costs and manpower requirements are discussed and statistical
data included. '

Vol. 4: Summary Report, ix, 41 p.

This report combines the concept of investment processes
developed in the 1969 report with the generally held concept of
an investment gap that was evaluated in the 1968 report.

Its product is the definition of rate of investment that will
close the gap for municipal and industrial waste treatment facil-
ities in the five year period (Introduction).

Sixteen summary tables on pollution control investments to
substantiate the analysis are included.

(1971) U. S. Environmental Protection Agency, Water Quality

Office. Cost of Clean Water. Washington, D.C.: U. S. Gov-
ernment Printing Office, March, 1971. 2 v.

Vol. 1: Municipal Investment Needs, xi, 21 p.

The 1970 studies on assessment of needs are described.
Five summary cost tables are given in attachments.

The result of the 1970 studies led to a request for $6 billion
Federal program, $2 billion in each of the FY 1972-1974 to
meet the total investment goals of $12 billion.

Vol. 2: Cost Effectiveness and Clean Water, xiv, 128 p.

The emphasis is put on the discussion of inefficiencies of
planning, design and operating of waste water treatments. The
conclusion is drawn that while construction sector inflation and
changing requirements will operate with increased cost, the
convincing evidence is that substantial savings in investment
requirements can result from cost-effective planning of munic-
ipal waste systems.

The result of the user charge study and cost analysis show
that improvement of high order of municipal utility management
and an adequate user charge system may lead to self-sufficient
municipal systems freeing them from the dependency on Federal
funds.
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The investment needs of waste treatment facilities, trend
of waste discharges, diseconomics in public waste management
facilities, operation and maintenance costs are discussed in de-
tail, Over 30 summary tables on costs are included, as well
as maps and diagrams.

38. U. S. Federal Water Pollution Control Administration. Water Pol-
lution Control, The Federal Costs, 1970/74. Washington, D. C.,
1969, 36 p. o

It is a financial report for 1970-1974 submitted to the
Congress by the Federal Water Pollution Control Administra-
tion on the costs of carrying out provisions of the Federal Water
Pollution Act of 1966.

Report includes cost estimates on: comprehensive pro-
grams for water pollution control, grants to non-Federal water
pollution planning organization funds to uniform state laws and
interstate cooperation, Resource Development and Demonstra-
tion Program (municipal pollution control, other sources of
pollution control, water quality control, waste technology, and
disposal, water quality requirements), costs of manpower and
training, etc.

39. University of California, Graduate School of Business Administra-
tion. Mathematical Programming for Regional Water Quality
Management (with references). Prepared for the U. S. Water
Quality Administration, August, 1970. (Water Pollution Con-
trol Research Series, 16110FPX08/70). Washington, D.C.:

U. S. Government Printing Office, 1970,

Non-linear programming has been applied to the problem
of optimal water quality control in Delaware River Estuary.

The mathematical model developed gives solutions to the gen-
eral mixed case of a source treatment, regional treatment
plans and bypass piping.

The results indicate that a regional treatment system for
the Delaware Estuary is superior in terms of total cost to other
proposed schemes. Model formula and variables are discussed.
Statistical tables and diagrams are included.
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40. Watson, K. S. '"The Coordinated Industrial-Municipal-Regional
Approach to Air and Water Pollution Control.'" Industrial Pol-
lution Control Handbook. Edited by H. F. Lund. New York:
McGraw-Hill, 1971, Chapter 8, 28 p.

Specific case of industrial, municipal and regional cooper-
ation in water pollution control are described. The preparation,
coordination and financing of a joint approach for industries are
discussed. Regional air pollution control programs are also
included.

For an extensive survey of cost-benefit studies on water pollution pub-
lished in 1958-1967, see: Hinote, H. cf.92.
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. D. ECONOMICS OF INDUSTRIAL WATER
MANAGEMENT AND POLLUTION CONTROL

41. Berger, H. F. "Evaluating Water Reclamation Against Rising
Costs of Water and Effluent Treatment. " TAPPI, The Journal
of the Technical Association of the Pulp and Paper Industry,
Vol. 49, No. 8, 1966, pp. 79A-82A (diagrams and tables).

This is a description of a pilot plant for complete renova-
tion of total effluent from an unbleached kraft effluent. The
'""cleaned up'' water may be reused to avoid paying for new
water and the reclaimed raw materials may be used again.
Costs and methods of reclaiming water are given. A theoret-
ical flow scheme for nearly closed kraft mill system is pre-
sented. Very clear presentation even to a non-technical reader.

42, Bubbis, N. S. "Industrial Waste Control in Metropolitan Winnepeg. "
Journal of Water Pollution Control Federation, Vol. 35, No. 11,
1963, pp. 1403-1409, Appendix. :

Formula for surcharge of sewage payment is given (in the

Appendix). Payment depends on effluent characteristics, BOD,
chlorine demand, substances requiring additional treatment,
including benefits on installation of the pre-treatment facilities,
etc.

43, Davis, R. K. "'Some Economic Aspects of Advanced Waste Treat-
ments. " Journal of the Water Pollution Control Federation,
Vol. 37, No. 12 (December, 1965), pp. 1617-1628,

Originally prepared for presentation to the Senate Select
Committee on Water Resources by Resources for the Future,
Inc., the paper presents detailed discussion of the economics
of optimization (or economic efficiency) of the waste water
treatment in the Potomac Estuary. The derivation of waste
treatment, requirements, costs, and the model are discussed.
General conclusion: higher costs of waste water treatment are
associated with low-flow of water because of high BOD. Sev-
eral tables and diagrams are given.

44, First National Symposium on Food Processing Wastes Proceedings,
April 6-8, 1970. Held in Portland, Oregon. Sponsored by
Federal Water Quality Administration, Northwest Water Lab-
oratory, U.S.D.A., Western Regional Research Laboratory,




National Canners Association, and Northwest Food Processors
Association. Washington, D.C.: Federal Water Quality Admin-
istration, 1971, 405 p.

An in-depth review of current research and demonstration
projects funded by the Federal Water Quality Administration on
water pollution control research is presented, including re-
search on improved in-plant and in-field processing intended

. to reduce the quantities of waste needing treatment in food in-
“dustries.
45, Giglio, R. J., et al. "Regional Waste Water Management Systems. "
Developments in Water Quality Research. Proceedings of the
Jerusalem International Conference on Water Quality and Pollu-
tion Research, June, 1969. Hillel I. Shuval, general editor.
Ann.Arbor, Michigan: Humphrey-Science Publisher, 1970,
pp. 229-239, , :
General description of regional waste water management
system. Discussion of a mathematical model as a tool for
decision-making in planning. The subsystems of the model to
be quantified for various alternatives are: collection system,
trunk sewer, interceptor, treatment plant, and outfall sewer.
A diagram of the system is given. The model may be applied
to determine cost and feasibility of different alternatives to
help decision-making. A regional model is discussed. Useful
reading to an interested layman.

46, Kerri, K. D. "An Economic Approach to Water Quality Control. "
Journal of the Water Pollution Control Federation, Vol. 35,
No. 12 (December, 1966), pp. 1883-1897.

A discussion of the methods of repulating pollution dis-
charge: (1) effluent standards, and (2) stream standards. The
model developed determines the degrees of treatment required
of each waste discharger in order to achieve a desired quality
of water at the minimum cost to all dischargers in the infested
region. The model favors industries by reducing degree of
treatment required because its marginal cost tends to be
greater than that of the municipalities. The purpose of the
model is to assist the regulatory agencies to examine discharge
requirements savings to the industries, by requiring effluent
standards instead of stream quality standards. The benefits
from the model may exceed high data collection expenses.
Many tables and diagrams are presented, but rather technical
reading, requires economic background.




47. Olliffe, J. J. "Sewer Service Charges and Surcharges.' Journal
of the Water Pollution Control Federation, Vol. 35, No. 5
(1963), pp. 607-613.

The article deals with sewer and water charges developed
in Pittsburgh, Pennsylvania. The Sanitary Authority of
Allegheny County where Pittsburgh is located is the sole dis-
posal agency, but the municipalities are responsible for deliv-
ery of sewage and industrial wastes to predetermined points in
the Authority's sewer system. Tables on the detail of rates,
analysis of rates, unit cost for quantity of sewage, etc., are
given. Also formulas used for surcharges depending on BOD,
SS, and chlorine demand are given. Very clearly presented
analysis.,

48. Paulson, E. G. "Water Pollution Control Programs and Systems. "
Industrial Pollution Control Handbook. Edited by H. F. Lund.
New York: McGraw-Hill, 1971, Chapter 6.

‘ Very clear description of how to construct a water pollution
control system for discharged waste water. The phases of a
full pollution control program are as follows: (1) definition of
the problem and development of the action plan, (2) detailed en-
gineering, (3) construction and start-up, and (4) implementation.
Each of the phases is described in detail.

49. Rocheleau, R. F.; and Taylor, E. F, '"An Industry Approach to
Pollution Abatement.' Journal of the Water Pollution Control
Federation, Vol. 36, No. 10 (1964), pp. 1185-1194,

The article presents some control methods applied to waste
water treatment. Emphasis is placed on in-plant waste water
treatment. The industrial approach does not have to rely on
conventional waste water treatment processes. Often the satis-
factory water pollution control can be achieved by production
process controls and improvements. General approach should
be: Do not waste "Wastes.'" The difficulty lies in getting per-
sonnel to appreciate significance of the losses. One of the
methods may be an application of in-plant charges for waste
water discharge depending on quantity of waste. Production
people are keenly aware of their production costs and may
strive for its decrease by voluntary in-plant water quality
control,
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50.

51.

52,

53,

Russell, C. "Effluent Charges.' Economics of Air and Water Pol-

lution. Edited by W. R. Walker.(Virginia Polytechnic Institute,
Blackburg, Water Resource Center, Bulletin 26). Blackburg,
Virginia: Water Resources Research Center, Virginia Poly-
technic Institute, 1969, pp. 37-55 (bibliographic references in-
cluded.

An analysis of economics of effluent charges. Many tables.

Thomas, R. V.; and Marks, D. H. "Result from a System Analysis

Approach to the Optimum Control of Estuarine Water Quality. "
Vol. 3 of Advances in Water Research Proceedings of the Third
International Conference. Held in Munich, Germany, Septem-
ber, 1966. Washington, D, C.: Water Pollution Control Feder-
ation, 1967, pp. 29-48.

This paper presents some results from a system analysis
approach to a given level of water quality for decision-making
to arrive at a desired (specified) water quality level. The
analysis is applied to the Delaware Estuary which is bordered
by a large metropolitan and industrial area (oil and chemical).
The basic mathematical model of physical environment and re-
sults of number of alternatives of water quality control model
are discussed. Least-cost solutions are given,

Weddle, C. L.; Mukherjee, S. K.; Porter, J. W.; and

Skarheim, H. P. '"Mathematical Model for Water-Waste Sys-
tems, ' Journal of American Water Works Association;, Vol. 62,
No. 12 (December, 1970), pp. 769-775. '

Determining most economical uses of all water sources,
including conventional. Network analysis based model for
selecting least-cost water supply and waste water disposal
-system for a municipal area.

Weston, R. F. "Environmental Quality Control by Industry: Prob-

lems and Solutions.'" Water and Sewage Works (Chicago), 1970
Reference Number (November 28, 1970), pp. R223-R227,

General views on pollution control, role of law enforce-
ment, financial and technical problems to industry are given,
The alternative methods as: (1) preventive measures, (2) on-
site treatment, and (3) off-site treatment and/or disposal are
mentioned. Definition of a role of a consultant, a designer and
constructor is given. Some statistics and curves on BOD in
petrochemical plant, monthly flow and biological treatment are
presented.




E. ECONOMICS AND MANAGEMENT OF SOLID WASTE

54, Clark, R. M. '"Economics of Solid Waste Investment Decisions, "
American Society of Civil Engineers, Journal of the Urban and
Development Division, Proceedings, Vol, 96, No. UPl, Proc.
Paper 7151 (March, 1970), pp. 65-79 (references, pp. 78-79).

The mathematical model of interdependence of engineering
design, timing and money supply in solid waste investments is
discussed. The mathematical formulae and variables are ana-
lyzed.

55. Combustion Engineering, Inc. Technical-Economic Study of Solid
Waste Disposal Needs and Practices (Public Health Service
Publication, 1886). Washington, D. C.: U. S. Government
Printing Office, 1969, 4 v.

The report presents an analysis of the statistical data col-
lected from 600 cities in 1966-1967 on the amount of refuse
generated from residential and commercial sources, and on
the number of installed incinerators and composting plants in
the United States.

Analysis includes presentation of mathematical models to
predict capacity of installed incinerators and composting plants
in 1975 in the United States.

In addition, a mathematical model for the State of Connecti-
cut to predict the quantities of commercial, residential and in-
dustrial waste production and the requirements for waste reduc-
tion facilities in 1975 is presented.

This comprehensive study is divided into four volumes: the
"Municipal Inventory' is given in Volume I, the '"Industrial In-
ventory'" in Volume II, the "Information System'" in Volume III,
and '"Technical Overview! in Volume IV,

Extensive statistical tables and lists of references are in-
cluded,

56. Engdahl, R. B. Solid Waste Processing: A State-of-the-Art Re-

port on Unit Operations and Processes. (U, S, Public Health
Service Publication, 1856) Washington, D.C.: U.S. Govern-
ment Printing Office, 1970, 77 p. (bibliography included).

Report is divided into two parts: (1) unit operations and
processes, and (2) major waste categories. Part one includes
concise description of the size reduction, separation, sanitary
landfill and open dumping, incineration, chemical processing
and recovery and utilization.

«



In part two, under the major waste categories, a short de-
scription of methods of disposal of major pollutants (over 110)
is given in alphabetical order from Acetylen wastes through
Zirconium.

The bibliography of over 500 entries is included. Many
tables and diagrams are included.

The book, although meant for a techn1c1an may be easily
used by an interested layman.

57. Gluckman, L, A,, ed. '"Planning for Solid Waste Management, "
Symposium of State and Interstate Solid Waste Planning Agen-
cies. September 9-11, 1969, St. Louis, Missouri.
Washington, D.C,: U,S. Environmental Protection Agency,
1971, 91 p.

Reports on planning and data for solid waste disposal, in-
tergovernmental cooperation, solid waste legislation, etc.

58. Golueke, C, G., and McGauhey, P, H. Comprehensive Studies of
Solid Waste Management, First and Second Annual Reports.
(Public Health Service Publication, 2039). Washington, D, C.
Bureau of Solid Waste, HEW, 1970, 2 v. in one.
The First Annual Report discusses among the others, the
following aspects of solid waste management: the waste gener-

ation and evaluation model and waste collection treatment-
disposal model; planning and economics: the Santa Clara
County study; public health and waste manageme nt; technology
of solid waste management and technological processes of
solid waste disposal (anaerobic digestion with sewage sludge,
wet oxidation of organic wastes, biological fractientation of
organic wastes). Includes tables, diagrams and photos.

The Second Annual Report is structured along the same
lines, reporting on continuation of the studies. The opera-
tion research part of the study concentrates on optimal loca-
tion and flow pattern and optimalization of treatment opera-
tion., The mathematical formulae are analyzed,

Economics concentrates on analysis of costs data of the
various treatment methods: hauling, landfill, composting, bio-
f fraction, wet oxidation, etc. In the public health section, very
interesting summary tables are given on "Public Health Evalu-
ation of Demestic Wastes, " "Industrial Wastes, "' ""Commercial
Wastes, ' and '""Special Wastes, '"i.e., junk automobiles., The
tables take up over 20 pages. Bibliographies are included after
each subject throughout the reports.




60.

61.

62.

59.

Comprehensive Studies of Solid Waste Management,

Third Annual Report. Washington, D, C,: U. S, Environmental

Protection Agency, 1971, 201 p.

This is a continuation of the First and Second Annual Re-
ports. It concentrates on Planning and Economics; Review of
Work to date is given. Structural models for various types of
solid wastes are discussed in detail, The discussion of costs
studies of different methods of solid waste disposal is continued,
Model for ten-year forecasting of wastes loads for nine-county
San Francisco Bay Region is given. In continuation of the pro-
cesses of solid waste disposal (anerobic digestion, 'incineration,
wet oxidation, etc.), the experimental unit construction is dis-
cussed,

Haskell, E, H. Managing the Environment: Nine States Look for

New Answers. Washington, D, C,: Smithsonian Institution,
April, 1971, 445 p.

This report describes recent changes initiated by nine state
governments to improve their management of the environment.
The focus is on governmental structures designed to give fresh
impetus to existing environmental programs and on organiza-
tions which states have created to carry out a new state respon-
sibility, such as land-use control and waste treatment and dis-
posal. The analysis combines the institutional design with legal
and environmental aspects. (Introduction)

Jones and Henry Engineers, Ltd. Proposal for a Refuse Disposal

System in Oakland County, Michigan, Final Report on Solid
Waste Demonstration Grant Project. (Public Health Service

Publication, 1960)., Washington, D, C.: Bureau of Solid Waste
Management, HEW, 1970, 146 p. -

Study presents proposed solutions of facility for solid waste
disposals in a county. The design criteria, disposal methods,
and proposed solutions and costs of reuse are discussed,
Tables include population projections, solid waste in tons and
costs, :

Written clearly and not very technical, may be good refer-
ence for a layman. ’

Marks, D. H.; and Liebman, J. C., Mathematical Analysis of Solid

Waste Collection, Final Report. {Public Health Service Publi-

cation, 2104). Washington, D, C.: Bureau of Solid Waste



Management, HEW, 1970, 196 p. (bibliography, pp. 191-196).
This report represents an application of operations research
to the analysis of solid waste collection system in a large metro-
politan area of Baltimore, Maryland.
A model for location of transfer facilities and large-scale
truck operation for waste disposal is developed. The model
may be applied to a smaller area with a smaller truck fleet.
The formulae and statistical data are included. This is a final
report on research work under Grant No. EC-00309 performed
at Johns Hopkins University, Department of Geography and
Environmental Engineering.

63. Morse, N.; and Roth, E. W, System Analysis of Regional Solid Waste
Handling. (Public Health Service Pulbication, 2065). Washing-
ton, D. C.: Bureau of Solid Waste Management, HEW, 1970,
125 p., Appendices. (References, pp. 121-123).

This report presents a systems analysis of regional solid
waste management -- the theoretical analysis, mathematical
model and analysis of Buffalo (SMSA) as a sample area. Sta-
tistical tables and mathematical equations are given. Report
was prepared at Cornell Aeronautical Laboratory, Inc., under
Contract No. PH 86-67-254,

64. Muhlich, A. J.; Klee, A. J.; and Britton, P. W. Preliminary
Data Analysis: 1968 National Survey of Community Solid Wastes
Practices. (Public Health Service Publication, 1867).
Washington, D. C.: U.S. Government Printing Office, 1968,
483 p.

The survey covers the SMSA's and communities of 5, 000
population and smaller in 1967. The United States and territor-
ies are divided into nine regions, and survey includes all land
disposal sites and public collectors, with exception of on-site
disposal or reduction facilities such as apartment house incin-
erators and household garbage grinders or self-contained small
business facilities. »

Statistical analysis includes: national analysis, urban
analysis, land disposal reports, and report on incinerators.
Statistical data covers more than 50 headings such as owner-
ship, size, actual amount of disposed matter, etc.

65, Muhlich, A. J.; Klee, A, J,; and Hampel, C, R, 1968 National
Survey of Community Solid Waste Practices. (Public Health




Service Publication, 1866). Washington, D, C.: U.S, Govern-
ment Printing Office, 1968, 9 v.

The 1968 National Survey of Community Solid Waste Prac-
tices is a statistical data compilation in nine volumes (one for
each region). .

The data are tabulated under such headings as community
description, storage of refuse, disposal of refuse, budget and
fiscal, collection of refuse, and many others.

66. (1966) National Academy of Sciences-National Research Council,
Committee on Pollution. Waste Management and Control: A
Report to the Federal Council for Science and Technology.
(NAS-NRC Pulbication, 1400). Washington, D,C,: NAS-NRC,
1966, 257 p.

First comprehensive descriptive, qualitative and quantita-
tive assessment of pollution problems; identifies the scientific
and technological areas which could assist in controlling pollu-
tion. This analysis influenced the Federal policies in pollution
control, and was instrumental in the creation of the Bureau of
Solid Waste Management as a Federal institution responsible
for solid waste pollution control, Sometimes called the
Spilhaus Report from the name of the Committee Chairman,
Athelstan Spilhaus,

67. (1970) National Academy of Sciences-National Academy of Engi-
neering, Ad Hoc Committee on Solid Waste Management of the
Division of Engineering, Committee on Pollution Abatement and
‘NAS, Policies for Solid Waste Management. (Public Health
Service Publication, 2018). Washington, D, C,: Bureau of Solid
Waste Management, HEW, 1970, 64 p. (Selected Bibliography,
pp. 58-64).

This report is an evaluation of the 1966 NAS-NRC report.
The study analyses: institutional activities in present and
future, NAS-NRC waste management recommendations, and
functions of the Bureau of Solid Waste Management. The gen-
eral view of solid waste technologies is included, as well as
estimates of the costs of implementation of recommended action
for the future objectives in solid waste management on the Fed-
eral level.

68. Ross, R. D., ed. Industrial Waste Disposal. (Van Nostrand-
Reinhold Environmental Engineering Series). New York:
Van Nostrand-Reinhold Company, 1971.




A textbook on the waste gas and waste liquid treatment,
incineration, and radioactive waste management. The most
recent engineering methods are presented with emphasis on
environmental protection. Textbook for engineers,

69. Solid Waste Management Plan, Statute Report, 1970. Rockville,
Maryland: U, S, Environmental Protection Agency, 1971-
date, several volumes,

Reports submitted by 14 states (D, C., California, Kentucky,

Oregon, etc.) to encourage systematic planning for better man--
agement of the nation's solid waste. KEach report includes sur-
vey of laws and legislation, method of collection, disposal, en=-
vironmental effects of solid waste (many documentary photo-
graphs of unsightly waste dumps), solid waste planning, etc.
Includes statistics, maps, and diagrams, A

70. Tofner, R, O, Developing a State Solid Waste Management Plan,
(Public Health Service Publication, 2031). Washington, D,C.:
U. S. Government Printing Office, 1970, 50 p.

Description of the basic features of the planning process
and their utilization in the development of a state plan for its
solid waste management. Purpose of this publication is to aid
states in preparing comprehensive solid waste management
plans. Flow chart of basic planning model is included.

71. Tofner, R, O.; and Clark, R. M, Intergovernmental Approaches
to Solid Waste Management
Rockville, Maryland: Solid Waste Management Offlce, Envi-
ronmental Protection Agency, 1971, 17.p.

Paper contains discussion of the form for intergovern-
mental coordination of solid waste management: SMSA? COG?
Counties? Development of any intergovernmental system in-
volves creation of a region-wide intergovernmental jurisdiction
and an actual organization, The organization should have
authority to manage and control solid wastes, therefore, must
be given financial base, manpower and power of control and
evaluation of the systems operation and performance.

72. Truitt, M. M.; Lieberman, J. C.; and Krause, C, W. Mathemat-
ical Modeling of Solid Waste Collection Policies. (Public
Health Service Publication, 2030). Washington, D, C.: U, S.
Government Printing Office, 2 v,



73.

4.

The report is a result of refuse collection survey in urban
residential area of Baltimore and its environs. Three models
were prepared (with different population densities, haul dis-
tances, size of trucks, etc.) for refuse collection system. The
models may be applied to any city or urban area.

Discussion of the mathematical model is contained as an
aid to decision-making for solid waste management is diccussed
in volume two: '"User's Guide to the Johns Hopkins Solid Waste
Collection Simulation Model, "

This is a final report on research work performed under
Grant No. VI-00539 at Johns Hopkins University, Department
of Geography and Environmental Engineering.

University of Louisville, Institute of Industrial Research.
Louisville, Ky.-Ind. Metropolitan Region Solid Waste Disposal
Study, Interim Report on Solid Waste Demonstration Project,
Vol. 1: Jefferson County, Kentucky, Washington, D.C,:
Bureau of Solid Waste Management, HEW, 1970, 205 p.

Study of current conditions of the area (SMSA) refuse quan-
tities and composition, -alternative disposal methods (transfer
stations, sanitary landfill, incineration, etc.), transporation
system analysis (model), and land requirements. An example
of the interstate management organization.

U.S, Congress, House, 91st Congress, 2nd Session, Committee
on Science and Astronautics, Subcommittee on Science Research
and Development. Technology and Solid Waste Management.
By A. S. Darney, Hearings, Technology Assessment, 1970.
Washington, D,C,: U,S., Government Printing Office, 1970,
pp. 901-913.
Discussion of the following current problems in solid waste

management: (1) the increasing per capita generation of waste
(table) (2) technical problems in waste processing, and

(3) absence of markets for recoverable waste commodities
due to uncontrolled production of new materials, which cause
difficulities in equipment designed for traditional waste dis-
posal and cannot be recovered. ,

New directons: (1) the waste management should anitci-
pate and prevent problems by monitoring the industries to
prevent production of products which cannot be recycled,

(2) there is a need for research in new methods and equipment
of waste collection, and (3) necessity for reorganization on
local levels for efficiency and more economic operations,
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75.° U, S. Department of Health, Education and Welfare. Solid Waste
Program. Solid Waste Handling in Metropolitan Areas. pre-
pared for the Surgion General's Advisory Committee on Urban
Health A:rfiars. (Public Health Service Publication, 1554).
Cincinnati, Ohio: Solid Waste Program, HEW, 1968, 41 p.

The economic impact and policy questions of solid waste

handling are discussed among the other aspects. Concise sum-
mary of the waste problems in metropolitan areas. Bibliog-
raphy and listing of the research prOJects between 1960-1964
are included.

76. Vaugham, R. D. Solid Waste Management: The Federal Role.
Cincinnati, Ohio: U. S. Department of Health, Education and
Welfare, 1969, 22 p. ‘

Presented at the Environmental Equilibrium: Criteria,
Cost, Cooperation, National Pollution Control Conference and
Exposition, Houston, April 22-24, 1969.

77. Weaver, L., ed. Proceedings: The Surgeon General's Conference
on Solid Waste Management for Metropolitan Washington,
July 19-20, 1967. (Public Health Service Publication, 1729),
Washington, D.C.: U. S. Government Printing Office, 1967,
194 p.

The proceedings of a two-day conference on various aspects

of the solid waste disposal in metropolitan Washington, D. C.
The subjects discussed are grouped under three large headings:
Present practices and needs in the metropolitan area, Tech-
nology today, and Development of a regional solid waste dis-
posal plan. The experience of Washlngton, D. C. may be
applied to any metropolitan area. g




F. LEGISLATION AND ADMINISTRATION

78. Baldwin, F. B., ed. Legal Control of Water Pollution. (Univer-
sity of California Law Review, Vol. 1). Davis, California:
School of Law, University of California, 1969, x, 273 p.
(Bibliographical footnotes).

79. Blatnik, J. A. ‘''History of Federal Pollution Control Legislation. "
Industrial Pollution Control Handbook. Edited by H. F. Lund.
New York: McGraw-Hill, 1971, Chapter 2.

Concise history of Federal acts pertaining to water pollu-
tion control since nineteenth century to present is given.

Water Quality Act of 1965 and Clean Water Restoration
Act of 1969 are analyzed in detail. In contrast to previous acts,
the 1965-1966 Acts provided for a comprehensive water pollu-
tion control action. The Federal Water Pollution Control Ad-
ministration has been established to carry out comprehensive
studies of needs and costs of waste water treatment installa-
tions, to establish water quality standards, and to implement
them in the next five years (1969-1975).

Summary tables of sewage treatment needs in the largest
100 cities, and summary costs to meet the provisions of the
Federal Pollution Act of 1966, and the Water Pollution Control
Funding Gap are given.

80. Degler, S. E.; and Bloom, S. C. Federal Pollution Control Pro-
grams: Water, Air and Solid Wastes. Washington, D.C.:
Bureau of National Affairs Books, 1969. , ' ,
Includes texts of legislations, Federal water pollution
quality standards and enforcement programs.

81. Environmental Reporter: Federal Laws, Washington, D, C.:
Bureau of National Affairs, 1970-date (loose leaf).
Includes Federal laws on air and water pollution control,
solid waste disposal, water supply, noise, pesticides and radi-
ation.

82, Environmental Reporter: State Water Laws. Washington, D.C.:
Bureau of National Affairs, 1970-date (loose leaf).
Contains the water pollution control statutes of the 50 states,
the District of Columbia and Puerto Rico, in full text.




|
) 83. League of Women Voters of the United States. Current Review of
Water Resources, No. 3 (August, 1966).
Includes 24 bills for water pollution presented to the
Congress in 1966.

84. Murphy, E. F. Water Purity: A Study in Legal Control of Natural
Resources. Madison: University of Wisconsin Press, 1961,
212 p. (Bibliography, pp. 162-164).

The book presents a discussion of basis for water resource
regulations, history of their changes, transition to central ad-
ministration water pollution control, historical development
and operation of the State central administrative agency. More
than 80 legal cases against the water pollutants in Wisconsin
and other states are discussed.

85. Solid Waste Disposal Act Amendment of 1968, Report of the Com-
mittee on Public Works, U. S. Senate, to accompany S. 3201,
90th Congress, 2nd Session, Report No. 1447. Washington,
D.C.: U. S. Government Printing Office, 1968, 33 p.

86. The Solid Waste Disposal Act. Title II of Public Law 89-272, 89th
Congress, S. 306, October 20, 1965, Public Law 91-512, 91st
Congress, House 11833, October 26, 1970 as amended.
Washington, D.C.: U. S. Environmental Protection Agency,
Solid Waste Management Office, 1971, 17 p.

87. U. S. Congress, House, 91st Congress, 2nd Session, Committee
on Public Works. Laws of the United States Relating to Water
Pollution Control and Environmental Quality. (Committee
Print, 91-33, July, 1970). Washington, D.C.: U. S. Govern-
ment Printing Office, 1970, III, 265 p.

88. Wilkenfeld, J. "History of State and Local Pollution Laws. ' Indus-
trial Pollution Control Handbook. Edited by H. F. Lund. New
York: McGraw-Hill, 1971, Chapter 3.

Concise historical analysis of pollution control methods and
trends through ancient times, middle ages, the Victorian age,
and the modern age.

Detailed interpretation of Federal Water Quality Act impli-
cations to local governments. Short descriptions of several
existing local legislations in New Jersey, New York, San
Francisco Bay and others.




G.

89.

90.

91.

92,

93.

BIBLIOGRAPHIES AND REFERENCE TOOLS

"Glossary: Industrial Air Pollution Control Terms, Industrial

Water Pollution Control Terms.' Industrial Pollution Control
Handbook. Edited by H. F. Lund. New York: McGraw-Hill,
1971, pp. 1-39.

Golueke, C. G.; and Staff of the College of Engineering, University

of California. Solid Waste Management: Abstracts and Ex-
cerpts from the Literature. (Public Health Service Publication,
2038). Washington, D.C.: Bureau of Solid Waste Management,
HEW, 1968-1970, 3 v. (Vol. 1 (1968); Vol. 2 (July, 1969);
Vol. 3 (August, 1970)).

This is an extensive bibliography with abstracts covering
professional journal literature from 1958 through 1970. Some
foreign literature is included. Extent of the coverage can be

‘shown by listing just a few of the classifications covered: Man-

agement, Collection and Transport, Economics, Disposal,
Salvage, Agricultural and Food Processing Waste, Environ-
mental and Public Health, etc.

Great Britain. Ministry of Technology. Water Pollution Abstracts.

London: Her Majesty's Stationary Office. (Vol. 42, 1969;
Vol. 44, 1971).

Abstracts of literature in all aspects of water pollution are
included. ' '

Hinote, H. Benefit-Cost Analysis for Water Resource Projects:

A Selected Annotated Bibliography. Rev. ed. Knoxville,
Tennessee: Center for Business and Economic Research,
University of Tennessee, June, 1969.

Extensive coverage of the cost-benefit studies done between-
1958-1967. Detailed annotations included.

Lefke, L. W,; Keene, A. G.; and Chapman, R. A. Summaries of

Solid Waste Research and Training Grants: 1970. Washington,
D.C.: U. S. Environmental Protection Agency, Solid Waste
Management Office, 1971, 134 p.

Listing of the research in progress on solid waste and its
disposal in 1965-1975, supported by Federal grants. Each de-
scription includes the list of publications already issued in con-
nection with the research. Subjects presented: Compost and




Composting, Farm Fields Wastes, Hospitals, Planning and
Management, Reclamation and Reuse, etc.

94, Levine, B. S. U.S.S.R. Literature on Water Supply and Pol- .
lution Control, A Survey. Washington, D.C.: U. S. Depart-
ment of Commerce, Clearinghouse for Federal and Scientific
Information, 1962, (Vol. 1, 1961; Vol. 2, 1962; Vol. 3, 1962;
Vol., 4, 1962; Vol. 5, no date; Vol. 6, ""Condition for the Sani-
tary Discharge of Sewage and Waste Water into Natural Water Basins, "
By S.N. Cherkinskij, 1962 (translated from Russian by B.S. Levine).

These six volumes contain translations of articles from

Russian technical journals in sanitary engineering, chemistry,
biology and others dealing with water pollution. Emphasis is
put on technical processes. Numerous diagrams, tables and
bibliographies (in Russian) are included.

95, Pollution Abstracts. Published six times yearly (May, June,
August, September, October, December. La Jolla, California:
6811 La Jolla Boulevard. (Vol. 1, 1970; Vol. 2, 1971).

96. Research in Selected Problems in Sewage Treatment Project, Bibli-
ography on Coagulation and Sedimentation in Water and Sewage
Treatment. Prepared with the assistance of official project
No. 45-97-3-35, "Research in Selected Problems in Sewage
Treatment.' Directed by L. V. Carpenter. U. S. Work Proj-
ects Administration for the City of New York, 2nd ed., 1939.

Very thorough bibliography of technical processes in waste
water treatment. Arranged in chronological sequence. May be
useful from historical point of view,

97. Tofner, R. O., et al. State, Solid Waste Planning Grants Agencies
and Progress, 1970. Report of activities through June 30, 1970.
Washington, D.C.: U. S. Environmental Protection Agency,
Solid Waste Management Office, 1971.

Listing of projects in progress in solid waste disposal re-
search, by state.

98. U. S. Bureau of Solid Waste Management. Solid Waste Manage-
ment: A List of Available Literature. Cincinnati: June, 1970.
, January, 1971.
, April, 1971,
, July, 1971,




99.

100.

101,

Includes the list of publications available on request from
the Bureau in Cincinnati. In subsequent lists, the out-of-print
publications have been deleted. '

U.. S. Federal Water Pollution Control Administration. Water Pol-

lution Control: Waste Treatment and Water Treatment, Selected
Biological References on Fresh and Marine Waters. By. R. K.
Stewart, W. M. Ingram, and K. M. MacKenthun. Washington,
D.C.: 1966, 126 p. illus.

Selected references dealing with water quality and use have
been prepared for persons interested in and responsible for
biological aspects of water pollution control, waste treatment
and water treatment.

Supercedes four previous publications: (1) Public Health
Service Publication 214, 1953, (2) Public Health Service Publi-
cation 214, revised 1957, (3) Estuarine and Marine Pollution
(Public Health Service Technical Report W-61-4, 1961), and
(4) Public Health Service Publication 1053, 1963.

Most references of previous publications have been re-
tained and selected references subsequent to 1962-1965 added.

U. S. Government Printing Office. Monthly Catalog of United

u.

States Government Publications. Washington, D.C.: 1969 to
date.

List of the publications of all the branches of Federal gov-
ernment. The publications on water pollution, waste and eco-
nomics are included. '

S. Public Health Service. Handbook of Selected Biological Ref-
erences on Water Pollution Control, Sewage Treatment, Water
Treatment, by W. M. Ingram. (Public Health Service Publi-
cation 214, Revised 1957). Washington, D.C.: U. S. Public
Health Service, Water Supply and Water Pollution Control Pro-
gram, 1957, 95 p. illus.

Selected biological references on water pollution control
(including bottom organisms, fish, bioassays and methods, etc.),
sewage treatment (including organisms of overall sewage treat-
ment, organisms of oxidation ponds, etc.), water treatment
(including taste and odor control, algae, insects, etc.), and on
organism identification.




102. U. S. Public Health Service. Refuse Collection and Disposal: A
Bibliography. (Public Health Service Bibliography Series,
No. 4).
Complete listing of this series includes:
Refuse Collection and Disposal: A Bibliography, 1941-1950
(PHS Publication No. 91, 1951), out of print.

Refuse Collection and Disposal: A Bibliography, 1951-1953
(PHS Publication No. 91, Supplement A), 1954,

Refuse Collection and Disposal: An Annotated Bibliography,
1954-1955 (PHS Publication No. 91, Supplement B), 1956.

Refuse Collection and Disposal: An Annotated Bibliography,
1956-1957 (PHS Publication No. 91, Supplement C), 1958.

Refuse Collection and Disposal: An Annotated Bibliography,
1958-1959 (PHS Publication No. 91, Supplement D), 1961.

Refuse Collection and Disposal: An Annotated Bibliography,
'1960-1961 (PHS Publication No. 91, Supplement E), 1963,

Refuse Collection and Disposal: An Annotated Bibliography,
1960-1961. By R. J. Black and P, L, Davis. Revised 1966,
(PHS Publication No. 91, Supplement E, revised 1966).

Refuse Collection and Disposal: An Annotated Bibliography,
1962-1963. By R. J. Black, J. B. Wheeler and W. G.
Henderson. (PHS Publication No. 91, Supplement F, 1966).

The main subjects covered are: regulations (including the
legislations), finances, storage and various methods of collec-
tion and disposal.
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H. Tables On Major Water Polluting
Industries and Major Waste Categories

Table 1 -~ Major Polluting Industries

Code

Food and Kindred Products
201 Meat products
2011 Meat slaughtering plants
2013 Meat processing plants
2015 Poultry dressing plants
202 Dairies
2021 Creamery butter
2022 Natural and process cheese
2023 Condensed and evaporated milk
2026 Fluid milk
203 Canned and frozen foods
2033 Canned fruits and vegetables
2034 Dehydrated foods products
2035 Pickles, sauces, salad dressings
2037 - Frozen fruits and vegetables
204 Grain mills
2041 Flour mills
2043 Cereal preparations
2046 Wet corn milling
205 Bakery products
206 Sugar
207 Candy and related products
208 Beverages .
2082 Malt liquors
2084 Wines and brandy
2085 Distilled liquor
2086 Soft drinks

Source: Lacy, W, J.,-and H. G. Keeler, '""Federal Water Quality
Administration Research, Development and Demonstration
Program'', the First National Symposium on Food Processing
Wastes Proceedings, pp. 5-16. Washington, D.C.: Federal
Water Control Administration, 1970,

¢
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Table 1 (continued)

Code

209

2091
2092
2094
2096

2211
2221
2231
225
226
228
229

24

242
2421

26

2611
2621
2631
264
265
2661

28

281
2812
2818
2819
282
2821
2823
2824
283

Miscellaneous foods and kindred products
Cottonseed oil mills
Soybean oil mills
Animal and marine fats and oils
Shortening and cooking oils

Textile Mill Products

Weaving mills, cotton
Weaving mills, synthetic
Weaving, finishing mills, wool
Knitting mills

Textile finishing, except wool
Yarn and thread mills
Miscellaneous textile goods

Lumber and Wood products

Sawmills and planing mills
Sawmills and planing mills

Paper and Allied Products

Pulp mills

Paper mills, except building
Paperboard mills

Paper and paperboard products
Paperboard containers and boxes
Building paper and board mills

Chemicals and Allied Products

Basic chemicals
Alkalies and chlorine
Organic chemicals, n.e.c.
Inorganic chemicals, n.e.c.

Fibers, plastics, rubbers
Plastics materials and resins
Cellulosic man-made fibers
Organic fibers, noncellulosic

Drugs

¢
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Table 1 (continued)

Code

284
2851
2861
287
289

29

2911
295

30

3069
3079

31
3111
32

3211
3341
325
326
327
3281
329

33
331

332
333

3341 .

Cleaning and toilet goods

Paints and allied products

Gum and wood chemicals
Agricultural chemicals
Miscellaneous chemical products

Petroleum and Coal Products

Petroleum refining
Paving and roofing materials

Rubber and Plastics Products, n.e.c.

Rubber products, n.e.c.
Plastics products, n.e.c.

Leather and Leather Products
Leather tanning and f{inishing
Stone, Clay, and Glass Products

Flat glass

Cement, hydraulic
Structural clay products
Pottery and related products
Concrete and plaster products
Cut stone and stone products
Nonmetallic mineral products

Primary Metal Products
Steel rolling and finishing
Iron and steel foundries

Primary nonferrous metal
Secondary nonferrous metals
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Table 2
Industrial Source vs. Significant Constituent Pollution

A

Constitucnt

Sector Tea
: BOD SS  TDS  Acid  NEEVY 0Oil  3i
Metals

Metal and metal products X X X X X
Chemicals and alliced .

products X X

- Power production

Paper and allied products XX
Petroleum and coal . . .

products X X . X
Food and kindred .

products X X X
Machinery and

‘“transportation )

equipment X X X X
Stone, clay and glass

products X X .
Textile mill products X X .
Lunmber and wood

products X X X
Rubber and plastic X X

Source: Lacy, W.J. and H. G. Keeler, "Federal Water Quality
Administration, Research, Development and Demonstration
Program, " First National Symposium on Food Processing
Wastes Proceedings, Washington, D.C., Federal Water
Quality.Administration, 1970.




Ta.bl_e 3

Waste Generation Coefficients, after Bower,

a

RFF

2011

2026

2033

2037

2061
2062
2085,
2261
2262
2621
2631

2641

2911

3111

Standard Industrial
Classification Secctor

Meat packing

Fluid milk

Canned fruits and vegetables

Trozen fruits and vegetables

Raw cane-sugar

Cane sugar refining
Distilled liquor
Finishing plants, cotton

Finishing plants, synthetic

Paper mills

Paperboard mills
Paper coating and glazing
Sanitary food containers

Petroleum refining

Leather tanning

Pounds BOD/Emnlovee

4596
1770
16200
24450
3336
3420
3000
33200
11580
28960
45200
4260
4500
8400

14700

Source: Lacy, W. J. and H. G. Keeler, "Federal Water Quality
" Administration, Research, Development and Demonstration
Program, ' First National Symposium on Food Processing
Wastes Proceedings, Washington, D. C., Federal Water

Quality Administration, 1970,
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Table 4
Major Waste Categories

Acctyiene Wastes

Agricultural Wastes

Aluminum )

Animal-Product Residues

Antimony

Asbestos

Ash, Cinders, Flue Dust, Fly Ash

Asphalt

Bagasse

Bauxile Residue

Beryilium

Bismuth

Brass

Brewing, Distilling, Fermenting
Wasles .

Brick Plant Waste

Bronuze

Cadmium

Caleium

Carbiaes

Carhonacecous Shales

Choeinical Wastes

Chromium

“Cinders

Coul

Cobhalt

Coflec

Coke-Oven Gas

Copper

Colton

Dairy Wastes .

Dinmond Grinding Wheel Dust

Distilling Wasles

Electropiating Residues.

Fermenting Wastes

- Fish

Flue Dust

Fluorine

Fly Ash

Food-Processing Wastes

Foundry Wastes

Fruit \Wastes

Furniture

Germanium

Glass

Glass Wool

Gypsum

Hemp

Hydrogen Fluoride

Inorganic Residucs

Iron

Lead

Leather Pabricating and Tanncry
Wastes

Leaves

Lime

Magnesium
Mangancse

Mica

Mineral Wool
Nolasses
Molybhdenum
Municipal Wastes
Nonferrous Scrap
Nuts |

Nylon

Organic Wnstes -
Paint

Paper

Pelrolcum Residuces
Photographic Paper
Pickle Liguor
Plastic

Poppy .
Pollery Wastes
Precious Metals
Pulp and Paper
Pyrile Cinders and Tailings
Relractory
Refrigerators
Rice

Rubber

Sal Skimmings
Sand

Scafood

Shingles

Sigal

Slag

Sodium

Starch

Stone Spalls
Sugar Becls
Supgar Cane
Sulfur

Tantalum
Tetraethyllead
Textiles

Tin

Titanium
Tobacco
Tungsten
Uranium
Vanadium
Vegetable Wastes
Wastepaper
Wood Wastes
Wool

Yitrium

Zine

Zircaloy
Zirconium

Source: Engdahl,ﬂ R. B. ,. Solid Waste Procesesing, A Statc--of—the-Art
Report on Recent Operation Processes, 1969, U. S. Public
Health Service Publication No. 1856.
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APPENDIX B

FIVE KEY ECONOMIC INDICATORS OF
91 AQCRs UNDER ALTERNATIVE STRATEGIES
FOR 1975 OR 1976



Strategy 1 :
Three Year Implementation 1973-1975 Without
Government Financial Assistance For 1975
Benefit = $10. 0 Billion

% change % change| Reg. |Reg.
o | Mfg. Prd.} Mfg. In-| Per- |Unem-|Local

AQCR o (value vest- sonal [mnt. Govt.
Code | AQCR added) ment Inc. Rate Revenue
1 New York, New York - .11 - 9,06 |- .04 . 096 - .04
2 Chicago, Illinois - .84 -14.08 | - .44 . 4671 - .70
3 Los Angeles, Calif. - .10 - 5.18 {- .03 .019] - .03
4 Philadelphia, Pa. - .42 - 7.04 | - .20 1951 - .29
5 Detroit, Michigan - .84 - 9.09 |- .49 .529| - .64
6 San Francisco, Calif. - .72 -23.88 | - .13 . 081 - .13
7 Boston, Mass. - .20 - 6.35 |- .08 | .105] - .11
8 | Pittsburgh, Pa. ~-3.26 -28.11 | -1.56 1.089( -2.28
9 St. Louis, Missouri -1.19 -19.34 | - .61 .614 - .94
10 Washington, D. C. -1.58 -24.42 | - .14 L2661 - .16
11 Cleveland, Chio ' -1,17 -13,13 | - .52 . 399 - .75
12 Baltimore, Maryland -1.32 -15,84 | - ,57 . 455 - .65
14 Minneapolis-St. Paul, '

Minnesota - .25 - 7.86 |~ .15 . 211 - .19
15 Houston, Texas - .57 - 6,05 |- .30 L1611 - 41
16 Buffalo, New York -1.61 -16,42 | -1.01 L7511 - .96
17 Milwaukee, Wisconsin -1, 08 -18.85 | - .83 .906] - .83

118 - | Cincinnati, Ohio - .58 - -12.02 | --.39 . 485 - .51

19 Louisville, Kentucky - .44 - 7.70 | - .47 5841 - .67
20 Dallas, Texas - .12 - 2.38 |- .06 .071] - .11
21 | Seattle-Everett, Wash. - .67 -10.55 | - .24 L 176 - .34
22 Kansas City, Missouri - .35 -10.39 | - .20 . 159 - .30
23 San Diego, Calif. .07 - 1.24 . 01 -. 007 . 01
24 Atlanta, Georgia - .11 - 4,97 .07 -. 048 .10
25 Indianapolis, Indiana -1.06 -22.19 - .55 . 444 - .80
26 Miami, Florida - .12 - 2.38 |- .02 .019 - .03
27 Denver, Colorado - .37 - 6,87 |- .15 . 190 - .19
28 New Orleans, Louisiana - .32 - 4,96 |- .08 . 038 - .12
29 Portland, Oregon - .87 -18.90 | - .32 L2771 - .41
30 Providence-Pawluckett,

Rhode Island - .36 - 6.34 |- .16 .134| - .26
31 Phoenix, Arizona - .26 - 1.38 - .14 . 225 - .15
32 Tampa, Florida - .63 - 8.94 |- .11 L1157 - .13
33 Columbus, Ohio - .50 - 7.65 |- .18 . 159 - .27
34 San Antonio, Texas - - .63 - 6.56 {- .10 112y - 16
35 Dayton, Ohio - .25 - 4,76 | - .22 .269) - .33
36 Birmingham, Alabama -4, 84 -58.81 | -2.09 |1.296| -3.10
37  |Toledo, Ohio : -1.26 -16.08 | - .76 616 -1.07
38 Steubenville-Weirton, Ohio/ -

Wheeling, West Virginia -8.76 -28.50 | -6, 42 1,730 -5.74




u

% change % change| Reg. Reg.
Mfg. Prd.| Mfg. In-| Per- Unem-;Local
AQCR (value vest- sonal mnt. Govt.
Code |AQCR added) ment Inc. Rate Revenue
139 Chattanooga, Tenn. - .99 -11,62 |- .71 .410 - .86
40 Memphis, Tennessee - .31 - 8.81 |- .12 . 071 - .15
41 Salt Lake City, Utah - .32 - 3.16 |- .12 . 194 - .14
42 Oklahoma City, Oklahoma - .66 - 7.20 (- .19 . 263 - .27
43 Omaha, Nebraska - .41 ~ 8.00 - .30 . 547 - .40
44 Honoclulu, Hawaii - .30 - 6.96 |- .04 . 040 - .09
45 Beaumont-Port Arthur- ‘
Orange, Texas -3.50 -18.61 |-4.53 .899 |-4.60
46 Charlotte, N, C. - .28 - 1,63 |- ,22 . 378 - .33
47 Portland, Maine - .43 - 3,95 |- .26 . 427 - .46
48 Albuquerque, N. M. - .10 - 4.72 |- .00 -.007 - .01
50 El Paso, Texas .03 - 1.81 |- .02 . 016 - ,03
51 Las Vegas, Nevada - .17 - 1.80 (- .02 .015 - .02
52 Fargo-Moorhead, N.D.,
Minnesota -2.17 -14,35 (- .42 . 742 - .40
53 Boise, Idaho - .48 - 8.83 |- .11 .226 |- .15
54 Billings, Montana -5, 00 -39.58 |- .98 1.310 |-1.12
55 Sioux City, Iowa -2.02 -133.60 |- .36 . 340 |- .49
61 Allentown-Bethlehem-
Easton, Pa. -1.83 -10.25 |- .98 . 840 -1.56
63 Bakersfield, Calif. -8.89 -75.14 |- .82 1.500 1- .57
64 Davenport-Rock Island-
Moline, Iowa, Illinois -1, 04 - 4,98 |- .69 .552 |- .90
66 Grand Rapids/Muskegon-
Muskegon Heights, Migh. -1.15 -10.72 |- .59 .397 |- .60
67 Greensboro, N. C. - .32 - 6.86 |- .20 .121 - .27
68 Harrisburg, Pa. -1.52 -21.71 (- .60 . 644 - .85
69 Jacksonville, Florida -1. 69 -15,53 |- .31 . 345 - .50
70 Knoxville, Tenn. - .95 -11.71 |- .51 . 5563 - .69
71 Nashville, Tenn. - .36 - 4,85 |- ,12 112 - .16
72 Peoria, Illinois -1.17 - 8.30 |- .70 .572 |-1.07
73 Richmond, Virginia - .70 - 7.16 |- .25 .240 |- .43
74 Rochester, New York - .07 - 2.71 |- .08 . 081 - .08
75 Saginaw/Bay City, Mich. -1.29 - 2.94 |- .77 .842 |- .97
76 Scranton/Wilkes Barre-
Hazelton, Pa. -2.21 -35.07 ([-1.23 1. 780 -2.20
77 Syracuse, New York -1.20 -12.87 |- .65 .754 |- .57
78 Tulsa, Oklahoma - .96 -18.40 |- .29 . 209 - .47
80 Youngstown-Warren,
- Ohio -2.95 -33,29 1-1.90 |1.226 |-2.94
81 Albany-Schenectady-
Troy, New York -1.08 -11.48 |- .39 . 372 - . 42




|

% change % change | Reg. Reg.
Mfig. Prd. | Mig. In- | Per- Unem-{Local |
AQCR (value vest- sonal mnt. |Govt. |
Code |AQCR added) ment Inc. Rate [Revenue
82 Binghamton, New York -.60 -9.97 -.44 |.600 -.36
83 Charleston, S. C. -1.65 -8.47 -.31 |.384 -.49 |
84 Charleston, W. Va. -1.11 -8.31 -.90 .559 |-1.38 ;
85 Des Moines, lowa -1.80 -23.05 -.78 .738 -1.00
86 Fresno, Calif. -1.54 -12.08 -.35 .574 -. 18
87 Fort Wayne, Indiana -.72 -13.18 -.32 211 -.55
88 Jackson, Mississippi -1.47 -18.74 -.37 |.384 -.43
89 Johnstown, Pa. -1.05 -5.52 -.61 . 902 -. 80
90 Lancaster, Pa,. -.93 -15.55 -.69 .598 -1.16
91 Mobile, Alabama -1.19 -15.10 -.37 .375 -.49
92 Norfolk-Portsmouth/New- ;
port News-Hampton, Va. -1.32 -16.86 -.22 | .283 -.28 |
93 Raleigh/Durham, N.C. -1.07 -7.67 -.35 . 758 -. 46
94 Reading, Pa. -2.23 -35.21 -1.14 | .864 |-1.86
95 Rockford, Illinois -. 66 -8.32 -.47 .288 -.75
96 Sacramento, Calif =72 -9.91 -. 16 . 161 -.12
97 South Bend, Indiana -.65 .5.24 -.50 . 696 .. 64
98 Utica-Rome, New York -1.42 -24.22 -.90 . 966 -. 85 ’
99 Wichita, Kansas - 17 -14.98 -, 14 1 .172 -.16 1
100 |York, Pa. _.45 _6. 66 -.31 1339 | o310




Strategy .2
Five Year Extended Implementation Without
Government Financial Assistance for 1376

Benefit = $10. 0 Billion

% change | %change| Reg. |[Reg.
Mfg. Prd.| Mfg. In-| Per- |[Unem- |Loca

AQCR (value vest- sonal |mnt. Goxt.
Code | AQCR added) ment Inc. Rate Revernue
1 New York, New York -.16 -6.79 -.05 .074 -.04
2 Chicago, Illinois -.60 -9.57 -.34 1.393 -.53
3 Los Angeles, Calif. -.12 -3.94 -.04 1.019 -.04
4 Philadelphia, Pa. -.32 -5.24 -. 16 . 155 -.23
5 Detroit, Michigan -.56 -6.43 -.37 . 468 -2
6 San Francisco, Calif. -.58 -18.23 -. 10 . 042 ~-. 10
7 Boston, Mass. -.25 -5.30 -.09 [.089 | -.12
8 Pittsburgh, Pa. -1.94 ~-20.46 -.97 . 739 ~-1.41
9 St. Louis, Missouri .85 -13,26 -. 4 .476 -. 65
10 Washington, D. C. -1.39 -20.84 -.16 |.251 -. 18
11 Cleveland, Ohio -.75 -3.58 -.29 .213 -, 4
12 Baltimore, Maryland -.83 -11.75 -.37 }.297 -, 43
14 Minneapolis-St. Paul,

Minnesota -.26 -6.23 -.15 . 176 -.18
15 Houston, Texas -.50 -4,79 -.21 . 079 -.28
16 Buffalo, New York -1.11 -1.11 -.067 |.44 -. 64
17 Milwaukee, Wisconsin -.84 -14.90 -.66 [.112 -. 66
18 Cincinnati, Ohio -.49 -8.11 -.34 |.433 -. 44
19 Louisville, Kentucky -0 32 -4.52 -.28 ;.512 -.52
20 Dallas, Texas -. 11 -2.01 . G4 L. 062 . 07
21 Seattle-Everett, Wash. -.62 -8.37° -.22 . 155 -.31
22 Kansas City, Missouri -.29 -7.57 -.13 . 113 -.290
23 San Diego, Calif. -.01 -1.01 -. 001 .00 -. 00
24 Atlanta, Georgia -. 14 -3.33, -.07 . 080 -.10
25 Indianapolis, Indiana -.93 -17.42 -.49 .43 -. 71
26 Miami, Florida -. 14 -1.88 -.02 |.026 -.03
27 Denver, Colorado -.30 -3.74 - 14 .218 -.18
28 New Orleans, Louisiana -.28 -3.82 =.07 |.029 -.10
29 Portland, Oregon -.65 -14.60 -.21 |.120 -.27
30 Providence~Pawtuckett,

Rhode Island ' -.24 -4.50 -.11 1.098 -. 17
31 Phoenix, Arizona -.37 -2.50 -.14 {.155 -.16
32 Tampa, Florida -.41 -5.01 -.08 117 -.10
33 Columbus, Ohio -.44 -6.24 -.13 . 081 -.20
34 San Antonio, Texas -.55 -5.93 -.08 . 089 -.13
35 Dayton, Ohio -.22 -3.55 -.20 }.230 -.29
36 Birmingham, Alabama -2.21 -38.75 -1.21 |.826 | -1.80
37 Toledo, Ohio -.94 -11.77 -.60 .539 -.83
38 Steubenville-Weirton, Ohio/

Wheeling, West Virginia -6.41 -19.39 -5.29 [.568 | -4.74




% change | %change| Reg. Reg.
Mfg. Prd.| Mfg. In-| Per- Unem- . Local
AQCR (value vest- sonal | mnt. !Govt.
Code |AQCR added) ment Inc. Rate Revenue
[ 39 Chattanooga, Tenn. -.83 -9.10 -.60 [.331 -.72
40 Memphis, Tennessee -.35 -6.96 -, 13 . 071 -. 16
41 Salt Lake City, Utah . -.40 -3.98 -.11 . 131 -. 13
42 Oklahoma City, Oklahoma ~-.73 -10,18 -.17 |, 180 -. 24
43 Omaha, Nebraska -.51 -8.35 ~-.28 .398 -.38
44 Honolulu, Hawaii -.27 -4.73 -.03 |.009 -. 06
45 Beaumont-Port Arthur-
Orange, Texas -2.69 -14.24 -3.52 1.672 £3.56
46 Charlotte, N. C. -.38 -2.20 -.18 .25 -. 27
47 Portland, Maine -.41 -4.43 -.20 ~285 -.38
48 Albuquerque, N. M. -.15 -3.87 -.01 [-.008 -.01
50 El Paso, Texas -. 06 -1.88 -.01 . 006 -.01
51 Las Vegas, Nevada -.20 -1.50 -.02 |.013 -.02
52 Fargo-Moorhead, N.D.,
‘ Minnesota -1.93 ~19.21 -.27 |.428 -.25
53 Boise, Idaho -.71 -16.75 .05  4.007 .07
54 Billil’xgé, Montana -4.74 -36.80 -1.43 1.441 11.63
55 Sioux City, Iowa -1.91 118.36 -.33 . 260 -.45
61 Allentown-Bethlehem-
Easton, Pa. -1.323 -8.97 -. 67 . 541 +1.08
63 Bakersfield, Calif. - -7.45 -66.42 -.66 1.159 1..45
64 Davenport-Rock Island-
Moline, Iowa, Illinois -.75 -4,94 -.46 |.322 -.61
66 Grand Rapids/Muskegon-
Muskegon Heights, Migh. -.9%4 -8.83 -.48 |.310 -.48
67 Greensboro, N. C. -.30 -5.33 -.21 . 144 -.28
68 Harrisburg, Pa. -1.44 -24.03 -.49  1.430 -.70
69 Jacksonville, Florida -1.49 -14.66 ~.25 .25 -.40
70. Knoxville, Tenn. -.94 -13.34 -.41 .371 -.56
71 Nashville, Tenn. -.42 -4.,55 -.13 . 095 -. 18
72 Peoria, Illinois -.99 -7.40 -.55 .397 -. 85
73 Richmond, Virginia -.68 -6.76 -.22 |.179 -.38
74 Rochester, New York -.19 -2.50 -.18 . 152 -. 19
75 Saginaw/Bay City, Mich. -1.10 -2.53 -.62 | 644 -. 74
76 Scranton/Wilkes Barre-
Hazelton, Pa. -2.29 -49.01 -1.08 1.248 41.93
77 Syracuse, New York - -1.09 -12.74 -.52 |.506 -. 46
78 Tulsa, Oklahoma -.96 -20.29 -.24 .21 -.40
80 Youngstown-Warren,
Ohio .. -1.86 -28.13 -1.19 . 754 11. 84
81 Albany-Schenectady- '
Troy, New York -.95 -9.56 -.34 |.326 -. 37




% change % change | Reg. Reg. i
Mfg. Prd. | Mfg. In- | Per- Unem-{Local ;
AQCR (value vest- sonal mnt. {Govt. i
Code [IAQCR added) ment Inc. Rzte [Revenue
82 Binghamton, New York -.63 -10.28 -.39 | 427 | -.31
83 Charleston, S.C. -1.66 -9.84 -.25 256 -. 40
84 Charleston, W. Va. -.92 -7.00 -1.03 . b4 -1.58
85 Des Moines, lowa -1.51 -19.77 -.63 .564 -. 80
86 Fresno, Calif. -1.32 -12.04 -.26 379 -. 14
87 Fort Wayne, Indiana -.61 -11.08 -.26 |-.158 -.44
88 Jackson, Mississippi -1.28 -17.68 -.29 | .265 -. 34
89 Johnstown, Pa. -1.12 -7.95 -.52 | .569 -.68
90 Lancaster, Pa. -.90 -15.32 -. 60 .406 -1.00
91 Mobile, Alabama -1.32 -14.87 -.39 | .327 -.50.
92 Norfolk-Portsmouth/New-
port News-Hampton, Va. -1.21 -17.25 -.19 203 -.24
93 Raleigh/Durham, N.C. -1.04 -8.8%6 -.29 512 -.39
94 Reading, Pa. -1.74 -29.80 -.85 589 -.39
95 Rockford, Illinois -.63 -7.92 - 41 202 -. 66
96 Sacramento, Calif <. 61 -8.79 -. 12 102 -.09
97 South Bend, Indiana -.60 -6,.66 -.40 469 -.52
98 Utica-Rome, New York -1.10 -21,05 -.6 654 -. 62
99 Wichita, Kansas -.29 -13.07 -.16 1 .130 -. 19
100 York, Pa. -.46 -5.94 -.27 | .24 i -.28




Strategy 3 .

Government Financial Assistance

"Three Year Implementation 1973-1975 With

Benefits = $10. 0 Billion
% change % change| Reg. |Reg.
Mfg. Prd.] Mfg. In-| Per- |Unem-|Local
AQCR (value vest- sonal |jmnt. |[Govt.
Code | AQCR added) ment Inc. Rate Revenue
1 New York, New York - .06 -.3.56 |- .04 086 - .03
2 Chicago, Illinois - .34 - 5.37 |- .18 .193 -..29
3 Los Angeles, Calif. - .03 - 2.06 |- .01 . 005 - .01
4 Philadelphia, Pa. - .17 - 2.79 |- .08 . 080 - .12
5 Detroit, Michigan - .36 -.3.60 |- .22 .239 - .29
6 San Irancisco, Calif. - .30 - 8,59 |- .06 . 051 = .06
7 Boston, Mass. - .06 - 2.50 |- .04 . 047 - .04
8 Pittsburgh, Pa. -1.45 -10.24 |- .68 .. 450 - .99
9 St. Louis, Missouri - .49 - 7.17 |- .24 . 243 - .37
10 Washington, D. C. - .55 - 8.67 |- .06 . 098 - .08
11 Cleveland, Ohio - .50 - 5,08 |- .19 - 126 - .27
12 Baltimore, Maryland - .58 - 6,08 |- .24 . 189 - .28
14 Minneapolis-St. Paul, - .06 - 3.03 |- .03 .014 | - .03
Minnesota - .06 - 3,03 |- ,03 ,014 - .03
15 Houston, Texas - .22 - 2.39 |- .13 . 076 - .18
16 Buffalo, New York - .70 - 6.26 |- .44 .321 | - .42
17 Milwaukee, Wisconsin - .44 - 7.02 |- .34 L371 | - .34
18 Cincinnati, Ohio - .22 - 4,60 |- .16 .. 212 - .21
19 Louisville, Kentucky - .17 - 3.01 }~ .18 235 - .25
20 Dsllas, Texas - .04 - .97 1. .03 . 031 - .05
21 Scattle-Everett, Wash. - .26 - 4.07 |- .09, 072 - .13
22 Kansas City, Missouri - .13 - 4.02 |- .04 .. 028 - .06
23 San Diego, Calif. + .04 - .50 j+ .03 -.033 + .03
24 Atlanta, Georgia - .04 - 1.99 |- .14 146 - .20
25 Indianapolis, Indiana - .44 - 8.07 |- .24 227 - .34
26 Miami, Florida - .02 - .95 |+ .00 |-.016 + 00
27 Denver, Colorado - .14 - 2.70 |- .06 088 _ o8
28 New Orleans, Louisiana - .12 - 1.98 |- .03 015 = 05
29 Portland, Oregon - .26 - 6.91 |- .04 .. 079 - 05
30 Providence-Pawtuckett,
Rhode Island - .16 - 2.56 |- .07 . 623 - .11
31 Phoenix, Arizona - .11 - .57 |- .06 . 092 - .06
32 Tampa, Florida - .25 - 3.47 |- .04 . 038 - .05
33 Columbus, Ohio - .18 - 299 |- .06 . 047 - .09
34 San Antonio, Texas - .26 - 2,59 |- .04 . 047 - .07
35 Dayton, Ohio - .10 - 1.90 |- .09 . 106 - .13
36 Birmingham, Alabama -2,14 -18.66 |- .93 .570 -1, 38
37 Toledo, Ohio - .51 - 6.03 |- .31 | 253 | - .43
38 Steubenville- Weirton, Ohio/ .
| Wheeling, West Virginia - .32 -10.13 |-2.60 | .699 | -2.33




% change | %change| Reg. Reg.
Mfig. Prd.| Mfg. In-| Per- Unem-;Local
AQCR (value vest- sonal | mnt. {Govt.
Code [|AQCR added) ment Inc. Rate Revenue
139 Chattanooga, Tenn. - .39 - 4,46 | - .27 .152) - .32

40 Memphis, Tennessee - .10 - 3,41 | - .04 . 0281 - .05
41 Salt Lake City, Utah - .12 - 1.27 |- .06 .085( - .07
42 Oklahoma City, Oklahoma - .27 - 2.84 - .08 106 - L1
43 Omaha, Nebraska - .13 - 3,10 {~- .10 .198i - .14
44 Honolulu, Hawaii - .10 - 2.72 |- .01 .014f - ,03
45 Beaumont-Port Arthur-

Orange, Texas -1.41 - 6,85 |-1.81 . 367} -1.83
46 Charlotte, N. C. - .10 - .66 |- .04 .L13) - .06
47 Portland, Maine --.19 - 1.60 | +1.80 -1.567| +3. 31
48 Albuquerque, N. M. - .07 - 1.92 |- .01 . 061} - .01
50 El Paso, Texas + .03 - .72 |- .02 .018) - .03
51 Las Vegas, Nevada - .10 - .74 |- .02 . 038 - .02
52 Fargo-Moorhead, N.D., )
' Minnesota - .88 - 5.47 |- .18 .308) - .17
53 Boise, Idaho - .18 - 3,44 |- .07 .120| - .10
54 Billings, Montana -1.94 -13.40 |- .62 L7461 - 71
55 Sioux City, lowa - .76 -30.39 |- .15 . 145 - ,20
61 Allentown-RBethlehem -

Easton, Pa. - .79 - 4,07 |- .42 . 3500 - .67
63 Bakersfield, Calif. -3.52 .-22.82 |- .34 L6141 - .23
64 Davenport-Rock Island-

Moline, Iowa, Illinois - .46 - 2,05 |- .29 .288| - .38
66 Grand Rapids/Muskegon-

Muskegon Heights, Migh. - .46 - 4,16 |- .24 L1571 - .24
67 Greensboro, N. C. - .12 - 2.71 |- .68 .0431- .10
68 Harrisburg, Pa. - .63 - 8,02 |- .26 .284( - .38
69 Jacksonville, Florida - .69 - 5.91 |- .13 L1461 - L 21
70 Knoxville, Tenn, - .39 - 4.55 |- .20 224 - .27
71 Nashville, Tenn. - .13 - 1,93 |- .04 . 0461 - .06,
72 Peoria, Illinois - .48 - 3.28 |- .29 .236| - .44
73 Richmond, Virginia - .28 - 2.84 |- .10 .098}1- .17
74 Rochester, New York - .01 - 1.09 |- ,02 .028i -~ .02
75 Saginaw/Bay City, Mich. - .53 - 1,19 |- .32 .3471 - .40
76 Scranton/Wilkes Rarre-

Hazelton, Pa. - .90 -12.38 |- .49 .179(- .88
7 Syracuse, New York - .49 - 4,98 |- .26 .2981- .23
78 Tulsa, Oklahoma - .38 - 6.88 |- .11 L1211~ .19
80 Youngstown-Warren,

Ohio -1.33 -12,11 |- .86 .5491-1,33
81 Albany-Schenectady-

Troy, New York - .44 - 4.47 |- .16 L1561 - .17




% change | %change| Reg, Reg.
Mfg. Prd. | Mfg. In- | Per- Unem-| Local
AQCR (value vest- sonal mnt.. [Govt.
Code |AQCR added) ment - Inc. Rate Revenue
82 Binghamton, New York - .22 - 3.88 |- .16 L214] - .13
83 Charleston, S.C. - .67 - 3.34 |- .12 .155| - .20
84 Charleston, W. Va. - .46 - 3,27 |- .04 -, 002 - .06
85 Des Moines, Iowa - .73 - 8.50 |- .30 v 2821 - .38
86 Fresno, Calif. - .63 - 4.66 (- .13 .225) - .07
87 Fort Wayne, Indiana - .29 - 5.03 |=2-.13 . 0871 - .22
88 Jackson, Mississippi - .59 - 7.02 |- .14 . 146( - .17
89 Johnstown, Pa. - .42 - 2.20 |- .24 .348| - .32
90 Lancaster, Pa. - .37 - 5.91 |- .28 .245| - .47
91 Mobile, Alabama - .45 - 5.72 |-.19 .187) - .25
92 Norfolk-Portsmouth/New-
port News-Hampton, Va. - .56 - 6.41 |- .10 .136) - .13
93 Raleigh/Durham, N.C. - 44 -.3.04 |- .14 . 312 - .19
94 Reading, Pa. - .93 -12.16 - .48 .360] - .78
95 Rockford, Illinois - .27 - 3.27 |- .19 118 - .31
96 Sacramento, Calif - .29 - 3.85 |- .06 . 0631 -~ ,05
197 Scuth Bend, Indiana - .26 - 2.48 |- .19 .2641 - .25
98 Utica-Rome, New York - .60 - 8.91 (- .38 .398] - .35
99 Wichita, Kansas .- .05 - 5.59 - ,04 . 066] - ,05
100 York, Pa. - .18 - 2.64 |- .12 .138] - .12




Strategy 4
Five Year Extended Implementation 1973-77

With Government Assistance . . ,/,"
- Benefit = $10. 0 Billion _
% change | %change| Reg. [Reg.
: | Mfg. Prd.| Mfg. In-| Per- |Unem-|lLocal

AQCR (value vest- sonal |mnt. ({Govt.
Code { AQCR added) ment Inc. Rate |Revenue
1 New York, New York _ -.09 -2.74 -.04 | .081 | .03
2 Chicago, Illinois -.24 ~-3.69 -.14 | .158 -.21
3 Los Angeles, Calif. -.04 -1.57 -.02 1.010 -.02
4 Philadelphia, Pa. -.13 -2.08 -.06 . 060 -. 09
5 Detroit, Michigan L =024 -2.56 -.16 | .192 -.20
6 San Francisco, Calif. -.24 -6.59 -.05 | .027 -.05
7 Boston, Mass. -.09 -2.09 -.03 [-.037 -.05
8 | Pittshurgh, Pa. -.87 -7.49 -.41 | .305 -.60
9 St. Louis, Missouri -.35 -4,.98 -.20 . 222 -.31
10 Washington, D. C. -.56 -7.41 -.07 | .107 -.08
11 Cleveland, OChio ~-.34 -3.74 -.11 . 093 -.15
12 Baltimore, Maryland -.36 -4.51 -.15 | . 118 -. 17
14 Minneapolis-St. Paul, _

Minnesota ' -.10 -2.42 -. 06 . 075 -.08
15 Houston, Texas -.20 -1.89 -.08 . 032 -.11
16 Buffalo, New York -.45 -4.95 -.25 | .116 -.24
17 Milwaukee, Wisconsin -.35 -5.55 -.27 | .290 -.27
18 - | Cincinnati, Chio -.19 -3.14 -.13 171 -. 17
19 Louisville, Kentucky -. 12 -1.79 -.14 } . 194 -. 19
20 Dallas, Texas -.07 . - .83 +.03 {-.001 +. 06
21 Seattle-Everett, Wash. -.24 -3..23 -.09 | .065 -. 12
22 Kansas City, Missouri -.11 -2.94 -.14 ] .129 | - -.21
23 San Diego, Calif. +.01 - .40 +.00 |-.001 +. 00
24 Atlanta, Georgia -.05 —1T33' -.02 . 032 -.04
25 Indianapolis, Indiana -.37 -6.34 -.20 | . 171 -.28
26 Miami, Florida +. 03 -.70 +.03 1-.099. +. 05
27 Denver, Colorado -. 15 -1.53 -.09 | .159 -. 11
28 New Orleans, Louisiana -. 11 -1.53 | -.03 .012 -.04
29 Portland, Oregon . -.27 | -5.42 -.09 | .058 -. 12
30 Providence-Pawtuckett, -

Rhode Island -.10 -1.82 -.05 . 045 -.08
31 Phoenix, Arizona -, 15 -1.01 -.06 . 062 -. 07
32 Tampa, Florida -.08 -1.89 +.00 |-.033 +. 00
33 Columbus, Ohio -.18 -2.45 -.05 . 036 -.08
34 San Antonio, Texas -.22 -2.32 -.03 . 030 -. 05
35 Dayton, Ohio -.09 -1.43 -.09 | .111 -.13
36 Birmingham, Alabama -1.21 -12.78 -.54 | .364 -. 80
37 Toledo, Ohio -.38 -4.45 -.24 .212 -.33
38 Steubenville-Weirton, Ohio/ . '

Wheeling, West Virginia -2.57 -7.06 -2.13 | .632 | -1.91

B.10



]

% change % change!| Reg. Reg.
Mfg. Prd.| Mfg. In-|{ Per- Unem-Local
AQCR (value vest- sonal mnt. |Govt.
Code |AQCR added) ment Inc. Rate Revenue
139 Chattanooga, Tenn. -.33 -3.50 -.24 | .131 -. 20
40 Memphis, Tennessee -.13 -2.70 -.05 |.028 -. 06
41 Salt LLake City, Utah™ : __ -.16 -1.59 -.05 |.059 -.06
42 Oklahoma City, Oklahoma -.30 -3.87 -.07 |.077 -.10
43 Omaha, Nebraska -.19 -3.20 -.10 . 148 -. 14
44 Honolulu, Hawaii -.13 -1.89 -.02 . 037 -. 05
45 Beaumont-Port Arthur-
Orange, Texas -1.08 -5.26 +.43 1.439 +.43
46 Charlotte, N. C. -. 15 - .89 -.09 L1111 -. 13
47 Portland, Maine -. 17 -1.76 -.13 |.163 -.25
48 Albuquerque, N. M. -.07 -1.55 -.06 |.003 -. 01
50 El Paso, Texkas -.01 - .76 -.02 |.013 -.02
51 Las Vegas, Nevada -.08 -.61 -.02 |.016 -.01
52 Fargo-Moorhead, N.D., -.78 -6.88 -.11 .172 -. 10
Minnesota . - o .
53 Boise, Idaho -.28 -6.07 -.10 |.107 -.13
54 Billings, Montana -1.85 -12.13 -.45 |.465 -.51
55 Sioux City, Iowa -.73 -25.66 -.10 |.063 -.13
1461 Allentown-Bethlchem-
Easton, Pa. ~.57 -3.51 -.29 . 228 -.46
63 Bakersfield, Calif. -2.95 -19.51 -.26 |.462 | -.18
64 Davenport-Rock Island-
Moline, Iowa, JIllinocis -.33 -1.99 -.20 . 137 -.26
66 Grand Rapids/Muskegon-
Muskegon Heights, Migh. -.38 -3.42 | -.21 |.135 -.21
67 Greensboro, N. C, -. 14 -2.14 -.11 [.096 -. 15
68 Harrisburg, Pa. -.59 -8.44 -.20 |.178 -.29
69 Jacksonville, Florida -.61 -5.49 -.10 }.103 -.17
70 Knoxville, Tenn. -.38 -5.02 -.16 |.144 -.21
71 Nashville, Tenn. -. 16 -1.80 -. 05 -034 -. 06
72 Peoria, Illinois -.41 -2.90 -.23 . 162 -. 35
73 Richmond, Virginia -. 27 -2.66 -.09 .073 -. 15
74 Rochester, New York -. 05 - .99 -. 04 . 020 -. 04
75 Saginaw/Bay City, Mich. -.44 -1.02 _.24 |.245 -.31
76 Scranton/Wilkes Barre-
Hazelton, Pa. -.93 -1.15 -. 44 .509 -.78
17 Syracuse, New York -.44 -4,83 -.21 . 207 -.19
78 Tulsa, Oklahoma -.39 -7.29 -.10 |.086 -. 16
80 Youngstown-Warren,
Ohio . -.83 -9.96 -.53 |.327 -. 81
81 Albany-Schenectady-
Troy, New York -.33 -3.67 -.10 |.051 -.10




% change | % change | Reg. Reg. :
Mfg. Prd. | Mig. In- | Per- Unem-| Local

AQCR (value vest- sonal mnt. |[Govt.
Code |AQCR added) ment Inc. Rate Revenue
82 Binghamton, New York -.25 -3.96 -.15 | .170 -.12
83 Charleston, S.C. -.67 -3.79 -. 06 .076 -. 10
84 Charleston, W. Va. -.38 -2.75 -.37 . 233 2,57
85 Des Moines, Iowa -.61 -7.25 -.26 | .235 -.33
86 Fresno, Calif. -.53 -4.55 -.12 | .157 -.06
87 Fort Wayne, Indiana -.25 14. 21 -.10 |[.062 -.18
88 Jackson, Mississippi -.51 -6.50 -.12 { .103 -. 14
89 Johnstown, Pa. -. 46 -3.09 -.19 .214 -.25
90 Lancaster, Pa. -.37 -5.69 -.22 . 161 -.37
91 Mobile, Alabama -.52 -5.53 -.15 . 125 -.19:
92 Norfolk-Portsmouth/New-

port News-Hampton, Va. -.49 -6.35 -.07 | .075 -.09
93 Raleigh/Durham, N.C. -.41 -3.42 -.11 1 .178 -. 14
94 Reading, Pa. -.72 -10.14 -.36 | .244 -.58
95 Rockford, Illinois -.26 -3.08 -.16 | .082 -. 27
96 Sacramento, Calif -.25 -3.40 -. 05 . 046 -. 04
97 South Bend, Indiana -.24 ~-2.62 -.16 | .191 -.21
98 Utica~Rome, New York ~-.46 -7.62 -.28 . 275 -.26
99 Wichita, Kansas -. 10 -4.86 -.08 .070 -.09
100 York, JPa. -.18 -2.34 -.11 . 104 -. 11




Strategy 5
Three Year Straight Implementatlon 1973 1975
Without Government Financial Ass1stance
Benefit = 0/;15 0 Billion .

% change | %change| Reg. |Reg.
_|-Mfg. Prd.} Mfg. In-| Per- [Unem-|Local

AQCR (value vest- sonal |mnt. [Govt.
Code | AQCR added) ment Inc Rate |Revenue
1 New York, New York + .19 - 8.59 + .01 . 067 + .01
2 Chicago, Illinois - .56 -13.75 - .33 . 409 - .51
3 Los Angeles, Calif, + .12 - 4,90 |+ .04 {-.017] + .04
4 Philadelphia, Pa. - .11 - 6.70 - .08 . 138 - .12
5 Detroit, Michigan - .60 - 8.89 |- .39 . 479 - .50
6 San Francisco, Calif. - .34 -23.15 -..06 | .048 - .06
7 Boston, Mass, +..05 - 6,08 - .02 . 067 - .02
8 | Pittsburgh, Pa. -3.01 -27.79 -1.47 1. 052 -2.15
9 St. Louis, Missouri - .83 -18.85 - .49 .570 - .76
10 Washington, D. C. -1.27 -24.04 - .11 . 216 - .13
11 Cleveland, Ohio - .92 -12.85 - .37 . 302 - .54
12 Baltimore, Maryland -1.02 -15, 49 - .44 . 366 - .51
14 Minneapolis-St. Paul,

Minnesota ‘ - .02 - 7.52 - .08 . 190 - .10
15 Houston, Texas - .23 - 5.82 - .12 . 062 - .16
16 Buffalo, New York -1.32 -16.11 - .84 . 670 - .81
17 Milwaukee, Wisconsin - .89 -18. 63 - .72 . 850 - .72
18 Cincinnati, Ohio - .25 -11. 64 - .23 .410 - .30
19 Louisville, Kentucky - .22 - 7.45 - .46 . 661 - .66
20 Dallas, Texas +-.02 - 2.28 - .01 . 033 - .01
21 Seattle-Everett, Wash. - .42 -10, 42 - .15 . 116 - .21
22 . |Kansas City, Missouri - .08 - 9.90 - .08 . 098 - .1
23 San Diego, Calif. + .23 - 1.10 + .03 -. 019 + .03
24 Atlanta, Georgia + .14 - 4,74 - .01 .069] - .01
25 Indianapolis, Indiana - .84 -21.96 - .49 . 528 - .7
26 Miami, Florida + .02 - 2.29 - .00 . 015 - .00
27 Denver, Colorado - .11 - 6.61 - .08 . 178 - .10
28 New Orleans, IL.ouisiana + .00 - 4,70 + .00 . 001 + .00
29 Portland, Oregon - .52 -18.49 | - .17 Jlos5| - .22
30 Providence-Pawtuckett,

Rhode Island - .13 - 6.10 - .06 . 062 - .10
31 Phoenix, Arizona - .10 - 1.30 - .09 . 200 - .10
32 Tampa, Florida - .63 - 8.94 - .11 .115 - .13
33 Columbus, Ohio - .20 - 7.46 - .07 . 071 - .1
34 San Antonio, Texas - .63 - 6.56 - .10 .112 - .16
35 Dayton, Ohio - .08 - 4,57 - .11 . 207 - .16
36 Birmingham, Alabama -4.52 -58.20 ~-1,96 1.222 -2.91
37 Toledo, Ohio - .99 -15,79 | - .61 .542| - .86
‘38 .Steubenville-Weirton, Ohio/ -

Wheeling, West Virginia -8.63 -28.43 -6.38 1,729 -5.71

.13



% change

Troy, New York

% change Reg. Reg.
Mfg. Prd.| Mfg. In-|{ Per- Unem-{Local
AQCR (value vest- sonal mnt. |Govt.
Code |[AQCR added) ment Inc. Rate Revenue
39 Chattanooga, Tenn. - .72 -11.46 - .52 . 329 - .63
40 Memphis, Tennessee + .02 - 8.44 + .00 .012 + .00
41 Salt Lake City, Utah = .17 - 3.06 - .07 . 160 - .09
42 Oklahoma City, Oklahoma - .66 - 7.20 - .19 . 263 - .27
43 Omaha, Nebraska - .13 - 7.69 - .20 .501 - .27
44 Honolulu, Hawaii + .00 - 6,72 - .01 . 022 - .01
45 Beaumont-Port Arthur-
Orange, Texas - -3.50 -18. 61 -4,53 .899 |-4.60
46 Charlotte, N. C. - .03 - 1.52 - .11 . 304 - .16
47 Portland, Maine - .43 - 3.95 - .26 . 427 - .46
48 Albuquerque, N. M. + .07 - 4.55 + .01 . 000 + .01
50 El Paso, Texas + .20 - 1.70 + .04 . 034 + .06
51 Las Vegas, Nevada + .07 - 1.69 + .06 . 067 + .06
52 Fargo-Moorhead, N.D.,
Minnesota -2.17 -14. 35 - .42 . 742 - .40
53 Boise, Idaho - .31 - 8.60 - .09 211 - .11
54 Billings, Montana -4,39 -38.70 -1.22 . 220 -1.39
55 Sioux City, Iowa -1.37 -130.30 . - .37 . 409 - .51
61 Allentown-Bethlehem- A
Easton, Pa. -1.55 -10. 08 - .84 . 753 [-1.35
63 Bakersfield, Calif. -8.89 -76.14 - .82 .500 |- .57
64 Davenport-Rock Island- ‘
Moline, Iowa, Illinois - .88 -4.86 - .61 . 552 - .80
66 Grand Rapids/Muskegon- : o
Muskegon Heights, Migh. -1.15 -10; 72 - .59 .397 |- .60
67 Greensboro, N. C. - .23 - 6.76 |- .15 .100 |- .20
68 Harrisburg, Pa. -1.52 -21.71 - .60 , 644 - .85
69 Jacksonville, Florida -1.69 . -15.53 - .31 . 345 - .50
70 Knoxville, Tenn, - .95 -11.71 |- .51 .553 |- .69
71 Nashville, Tenn. - .12 - 4,68 - .06 .090 |- .08
72 Peoria, Illinois - .92 - 8.16 - .57 . 524 - .88
73 Richmond, Virginia - .48 - 6.99 - .18 .210 - .31
74 Rochester, New York + .14 - 2.56 + .05 . 041 + .05
175  ~|Saginaw/Bay City, Mich. -1.29 - 2.94 |- .77 .842 |- .97
76 Scranton/Wilkes Barre- .
Hazelton, Pa. -2.21 -35.07 -1.23 . 780 -2.20
77 Syracuse, New York - .91 -12.60 - .55 . 718 - .49
78 Tulsa, Oklahoma - .96 -18.40 - .28 . 309 - .47
80 Youngstown-Warren,
Ohio : -2.75 -32.88 -1.79 . 178 -2.76
81 AlBany-Schenectady— , o ,
- .80 -11.25 - .31 .342 |- .34




C A RrRE W T i ca e e

% change % change | Reg. Reg.
Mfg. Prd. | Mfg. In- | Per- Unem-|Local

AQCR (value vest- sonal mnt. Govt.
Code |AQCR added) ment Inc. Rate Revenue
82 Binghamton, New York - .39 - 9,75 - .35 . 550 - .28
83 Charleston, S.C. -1.65 - 8.47 - .31 . 384 - .49
84 Charleston, W. Va. -1.11 - 8.31 - .90 . 559 -1.38
85 Des Moines, Iowa -1.80 -23,05 - .78 . 738 -1.00
86 Fresno, Calif. -1.54 -12.08 - .35 .574 - .18
87 Fort Wayne, Indiana - .72 -13.18 |- .32 .211 |- .55
88 Jackson, Mississippi -1.47 -18. 74 - .37 . 384 - .43
89 Johnstown, Pa. -1,05 - 5,52 - .61 . 902 - .80
90 Lancaster, Pa. - .72 . 15,36 - .58 . 556 - .96
91 Mobile, Alabama - .78 -14,74 - .27 . 332 - .36
92 Norfolk-Portsmouth/New-

port News-Hampton, Va. -1.32 -16.86 - .22 .. 283 - .28
93 Raleigh/Durham, N.C. -1.07 -7.67 - .35 . 758 - .46
94 Reading, Pa. -1.96 -34.92 -1.01 . 795 -1.66
95 Rockford, Illinois - .50 -8,20 - .39 ;272 - .62
96 Sacramento, Calif - .72 - 9,91 |- ,16 L 161 - .12
97 South Bend, Indiana - .58 - 6.15 - .44 . 638 - .56
98 Utica-Rome, New York -1.22 -23.92 |- .80 .911 |- .75
99 Wichita, Kansas + .13 -14.26 + .00 .115 + .00
100 York, Pa. - .21 - 6.48 - .20 . 299 - .20




Strategy 6 _

rive Year Extended Implementation 1973-1975 With
Government Financial Assistance B
Benefit = $15. 0 Billion

% change | %change| Reg. |Reg.
i o | Mfg. Prd.] Mfg. In-| Per- [Unem-|Local

AQCR (value vest- sonal {mnt. Govt.
Code | AQCR added) ment Inc Rate - [Revenue
1 New York, New York + .01 - 2.58 - .01 .041{ - .01
2 Chicago, Illinois - .18 - 3.63 |- .11 | .148] - .17
3 Los Angeles, Calif. + .01 - 1.50 |+ .01 |-.007} + .01
4 Philadelphia, Pa. - .05 - 2,00 |- .02 024} - .03
5 Detroit, Michigan - .19 - 2.52 |- .15 | .204| - .20
6 San Francisco, Calif. - .15 - 6,45 - .03 . 015 - .03
7 Boston, Mass. - .02 - 2.01 - .00 . 033 - .00
8 | Pittsburgh, Pa. - .84 - 7.48 - .40 . 301 - .58
9 St. Louis, Missouri - .27 - 4,89 - .17 ,209 - .26
10 Washington, D. C. - .50 - 7.36 - .06 . 100 - .07
11 Cleveland, Ohio - .28 - 3,69 - .11 . 091 - .15
12 Baltimore, Maryland - .31 - 4,47 - .14 117 - .16
14 Minneapolis-St. Paul,

Minnesota - .04 - 2.35 - .03 . 053 - .04
15 Houston, Texas - .12 - 1,84 - .09 . 058 - .12
16 Buffalo, New York - .42 - 4,93 - .26 . 190 - .25
17 Milwaukee, Wisconsin - .30 - 5,51 - .24 .276 - .24
18 Cincinnati, Ohio - .11 - 3,06 -..09 . 147 - .11
19 Louisville, Kentucky - .07 - 1.74 - .18 . 029 - .08
20 Dallas, Texas - .02 - ,.79 - .01 . 012 - .02
21 Seattle-Everett, Wash. - .18 - 3,21 - .07 .052} - .09
22 Kansas City, Missouri - .05 - 2.84 - .06 .0631 - .09
23 San Diego, Calif. + .04 - ..37 | +.02 |[-.019] + .02
24 Atlanta, Georgia + .02 - 1,27 |- .07 . 079 - .11
25 Indianapolis, Indiana - .31 - 6,28 - .17 . 162 - .25
26 Miami, Florida - .02 - .74 |- .09 . 095 - .12
27 Denver, Colorado - .02 - 1.43 |- .04 .083| -~ .05
28 New Orleans, Louisiana - .04 - 1.47 - .01 . 003 - .01
29 Portland, Oregon - .20 - 5.36 - .07 . 041 - .09
30 Providence-Pawtuckett,

Rhode Island + .01 - 1.70 |+ .04 |-.135) + .07
31 Phoenix, Arizona - .12 - .99 - .05 . 064 -..06
32 Tampa, Florida - .08 - 1.89 + .00 |-.033| + .00
33 Columbus, Ohio - .11 - 2.41 - ,04 . 030 - .06
34 San Antonio, Texas - .22 - 2.32 - .03 . 030 - .05
35 Dayton, Ohio - - .05 - 1.38 - .05 . 080 - .08
36 Birmingham, Alabama -1.18 -12.77 - .53 . 358 - .78
37 Toledo, Ohio - .32 - 4,39 - .21 .200] - .29
38 Steubenville-Weirton, Ohio/

Wheeling, West Virginia -2. 56 , - 7.06 -2.12 . 629 -1.90




|

% change | % change| Reg. Reg.
Mfg. Prd.| Mfg. In-| Per- Unem-{Local
AQCR (value vest- sonal mnt. |Govt.
Code |AQCR added) ment Inc Rate |Revenue
39 Chattanooga, Tenn. -~ .27 - 3.46 - .19 . 109 - .23
40 Memphis, Tennessee - .05 - 2.61 - .02 . 009 - .02
41 Salt Lake City, Utah - .12 - 1.56 |- .04 | .051 |- .05
42 Oklahoma City, Oklahoma - .30 - 3.87 - .07 . 077 - .10
43 Omaha, Nebraska - .12 - 3,12 - .08 . 144 - .11
44 Honolulu, Hawail - .04 - 1.82 - .01 . 013 - .02
45 Beaumont-Port Arthur-
Orange, Texas ' -1.08 - 5.26 + .43 -.439 + .43
46 Charlotte, N. C. - ,09 - .86 - .05 . 856 - .08
47 Portland, Maine - 17 - 1.76 - .13 . 163 - .25
48 Albuquerque, N. M. - .02 - 1.50 - .00 .002 |- .00
50 El Paso, Texas + .04 - .72 + .01 -.005 |+ .01
51 Las Vegas, Nevada - .03 - .58 + .00 [{-,001 |+ .00
52 Fargo-Moorhead, N.D., ' .
Minnesota - .78 - 6,88 - .11 .172 - .10
53 Boise, Idaho - L 24 - 6,01 - .11 . 120 - .15
54 Billings, Montana -1.70 -11.96 - .40 . 447 - .46
55 Sioux City, Iowa - .61 -25.40 - .08 . 084 - .11
61 Allentown-Bethlehem-
Easton, Pa. - .53 - 3.49 - .26 <215 |- .42
63 Bakersfield, Calif. -2.95 -19.51 - .26 .462 |- .18
64 Davenport-Rock Island-
4 Moline, Iowa, Illinois - .30 - 1.98 - .18 . 130 - .24
66 Grand Rapids/Muskegon- .
Muskegon Heights, Migh. - .38 - 3.42 - .21 . 135 - .21
67 Greensboro, N. C. - .12 - 2.12 - .03 . 095 - .14
68 Harrisburg, Pa. - .12 - 8.44 I 20 . 178 - .29
69 Jacksonville, Florida - .61 - 5,49 - .10 .103 - .17
70 Knoxville, Tenn. - .38 - 5,02 - .16 . 144 - .21
71 Nashville, Tenn. - .1 - 1,76 - .03 . 029 - .04
T2 Peoria, Illinois - .35 - 2.88 - .20 . 155 - .31
73 Richmond, Virginia - .22 - 2.62 - .07 . 066 - .12
74 Rochester, New York - .00 - .96 -..01 . 016 - .01~
75 Saginaw/Bay City, Mich. - .44 | - 1,02 |- .24 .245 |- .31
76 Scranton/Wilkes Barre-
Hazelton, Pa, - .93 -15,15 - .44 . 509 - .78
77 Syracuse, New York - .38 - 4,77 - .19 . 196 - .17
78 Tulsa, Oklahoma - .39 - 7.29 - .10 . 086 - .16
80 Youngstown-Warren,
Ohio - .81 - 9.96 |- .52 .322 |- .80
81 Albany-Schenectady- | ' B
o3l e e 3066— el = 133 212

Troy, New York T




% change % change | Reg. Reg. -

Mfg. Prd. | Mfg. In- |{ Per- Unem-|Local
AQCR (value vest- sonal mnt. |Govt.
Code |AQCR added) ment Inc. Rate Revenue
82 Binghamton, New York - .20 - 3.91 - .13 . 156 - .10
83 Charleston, S.C. - .67 - 3.79 - .06 . 076 - .10
84 Charleston, W. Va. - .38 - 2.75 |- .37 .233 | - .57
85 Des Moines, Iowa - .61 - 7.25 - .26 . 235 - .33
86 Fresno, Calif. - .53 - 4,55 - .12 . 157 - .06
87 Fort Wayne, Indiana - .25 - 4,21 - .10 . 062 - .18
88 Jackson, Mississippi - .51 - 6.50 - .12 .103 | - .14
89 Johnstown, Pa. - .46 - 3.09 - .19 .214 - .25
90 Lancaster, Pa. ' - .32 - 5,65 - .21 . 154 - .35
91 Mobile, Alabama - .41 - 4,54 - .12 . 106 - .15
92 Norfolk-Portsmouth/New-

port News-Hampton, Va. - .49 - 6.35 - .07 -.075 | - .09

93 Raleigh/Durham, N.C. - .41 - 3.42 -~ .11 . 178 - .14
94 . Reading, Pa. - .68 -10.11 |- .34 .254 | - ,56
95 Rockford, Illinois - .22 - 3,06 - .15 . 082 - .24
96 Sacramento, Calif - .25 - 3.40 (- .05 . 046 - .04
97 South Bend, Indiana - .22 - 2,61 - .16 . 189 - .20
98 Utica-Rome, New York - .41 - 5.57 - .25 . 247 - .23
99 Wichita, Kansas - .03 - 4,70 - .04 . 045 - .04
100 York, Pa. - .12 - 2.30 - .08 .074 - ,08




APPENDIX C

REGIONS OF CONCENTRATION OF KEY
HIGH EMISSION INDUSTRIES




Regions With 1% or More of National Production
of Primary Metal Industries

AQCR

1 New York, N.Y.
2 Chicago, Ill.

3. Los Angeles, Cal.
4 Philadelphia, Pa.
5 Detroit, Mich.

8 Pittsburgh, Pa.

el

St. Louis, Mo.
11 Cleveland, Oh.
12 Baltimore, Md.
15 Houston, Tx.

16 Buffalo, N, Y.

17 Milwaukee, Wis.
36 Birmingham, Al.

38 Steubenville - Weirton/Wheeling, Oh. /W.V,

80 Youngstown - Warren, Oh.

NN = NN~ DNNWH— oo DO

AU\ RO S

%o

.06
.17
.31
.93
.16
.59
.86
.11
.56
.12
.30
.35
.78
. 09
.50

*SIC 33, Primary Metal Industries, includes SIC's 3321, Gray Iron
Foundries; 3323, Steel Foundries; 3331, Primary Copper; 3323, Pri-
mary Lead: 3333, Primary Zinc; 3334, Primary Aluminum; and 3341,
These are the codes under which Gray
Iron Foundries; Iron and Steel; Primary Copper, Lead, and Zinc; Pri-
mary Aluminum; and Secondary Nonferrous Metals were classified.

Secondary Nonferrous Metals.



Regions with % or More of National Production of >rimary Metal Industries




Regions with 1% or More of National Production
of Stone, Clay, and Glass Products *

AQCR

New York, N.Y,.
Chicago, Ill.

Los Angeles, Ca.
Philadelphia
Detroit, Mich.

San Francisco, Ca.
Pittsburgh, Pa.

9 St. Louis, Mo.

12 Baltimore, Md.

15 Houston, Tx.

16 Buffalo, N.Y.

37 Toledo, Oh.

81 Albany - Schenectady - Troy, N.,Y,

O O~k W~

¥*

were classified.

— DN R b = = DN = NN W

%

.90
.29
.88
.23
.31
.30
.54
.71
.19
.04
.26
. 06
.10

SIC 32, Stone, Clay, and Glass Products, includes SIC's 3214,
Hydraulic Cement, and 3274, Lime, under which cement and Lime



Regions wi:h 1% or More of National 2roduction of Stone, C'.ay, anc Glass, Procuc:s




Regions with 1% or More of National Production
of Petroleum and Coal Products *

AQCR %o
2 Chicago, Ill. 2.73
3 Los Angeles, Ca. 5.67
4 Philadelphia, Pa. 5.35
5 Detroit, Mich. 1.26
6 San Francisco, Ca. 4.24
9 St. Louis, Mo. 3.59
15 Houston, Tx. 10.12
37 Toledo, Oh. 2.00
45 Beaumont - Port Arthur - Orange, Tx. 14. 32
99 Wichita, Kansas 1.54

* SIC 29, Petroleum and Coal Products, includes SIC's 2911, Petro-
leum Refining, and 2951, Asphalt Mixtures and Blocks, under which
Petroleum Refining and Storage and Asphalt Batching were classified.

C.5






Regions with 1% or More of National Production
of Paper and Allied Products *

AQCR

1 New York, N.Y,.

2 Chicago, Ill.

3 Los Angeles, Calif.
4 Philadelphia, Pa.
6 San Francisco, Ca.
7 Boston, Mass.

16 Buffalo, N. Y.

18 Cincinnati, Oh.

29 Portland, Or.

91 Mobile, Al.

* SIC 26, Paper and Allied Products, includes SIC 2611, Pulpmills,

under which Kraft (Sulfate) Pulp was classified.

bt et et et et e O3 N WD W

%o

.15
.31
.21
.46
.08
.33
. 04
. 00
.32
.33



Regions wi:1 1% or More of Na:ional Procuction of Paper and Al iec Procucts




Regions with 1% or More of National Production
Of Chemicals and Allied Products *

AQCR %
1 New York, N.Y. 3.78
2. Chicago, Ill. 4.95
3 Los Angeles, Ca. 2.64
4 Philadelphia, Pa. 4,33
5 Detroit, Mich. 1.36
6 San Francisco, Ca. 1.22
9 St. Louis, Mo, 2.07
11 Cleveland, Oh. 1.28
12 Baltimore, Md. 1.36
15 Houston, Tx. 3.55
18 Cincinnati, Oh. 2.26
19 Louisville, Ky. 1.34
45 Beaumont - Port Arthur - Orange, Tx. 1.14
91 Mobile, Al. 1.22

* SIC 28, Chemicals and Allied Products, includes SIC's 2819 Indus-
trial Inorganic Chemicals, and 2871, Fertilizers, under which Nitric
Acid, Sulfuric Acid, and the Phosphate Industry are classified.



or M ore o’ Nationa Production o Chemica . and A lied Products

Regions with %
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APPENDIX D

Convergency Test for 15 AQCRs




A test of actual vs. estimated values has been conducted to test
the speed of convergency of the use of non-linear solution of the n;lodel.
Results of these comparisons are provided here for the largest 15
AQCRs.

The symbols shown in the following pages stand for:

Y = Regional personal income
G = Regional government expenditures
C = Regional consumption

N-T = Total regional employment
L. = Regional labor force
W = Wage rate
U = Regional employment rate

SUMN =

Total manufacturing employment



LOGCR ! NEYW YgRYy tHaYe

COHVERAMENCE PROCESS FoR ESTIMATED VALUES WITHOUT POLLUTION CONTROLS

S m e VDB S AP I EBEP SO IS H WA E N DY A AEI GO G AR M S HEDD AN g EEBRETAGIFASCHBICRIECHR PSS TRI L OO IR RSIE RV HOSHP OISO R

Po-

[l

. SIMULTANEOUS SYSTEM NuMy

.

EMDAGEMNOUS YAk, Y CONV G cauv C COMY

L ACTUAL VALUE 23712.00 RO44.,00 32445 .00
‘ ITERATIGH= | 56RN7.33 0.03342 64065.98 0.026G52 34171.32 (1.05321
: ITERATION= 2 50817 .98 N.00031 16326 0.00033 34178,.,59 0.00021 ‘

ITERATIONS 7O CONMVERGE= 2
D GO AP EEREBE VI 2T G RE NS LTS T ADE AR RS EE NG AT A AP P I BB LI A CRID Y LA AU ECECOII I LR CLHEO DT LRI DL L O RAOORETEEED O

R I B IR I A IR B A I I I R A R e R E R E A R N A A A RN R N A YA R R RS RN EE RN R E AR E R RS RS R R RN R N A A X

SIMULTANEOUS SYSTER NUMRER - 2

ENDRGEMOUS VAR, =T conv CoMYy vi cony u CoNV SUMN CONY
ACTUAL VALLE 5123471 £337.20 . 7.8 0.04 114400
ITERATION= | 5101 N 00711 SH462.74 0.00478 6.%5 0.03268 C.04 0.95816 1181,39-0.03268
ITERATION= 2 5146246 N.00045  B8364.73 0D.0i0s8 b.45 0.06012 0.04 0.,00375 1182.80 0.00119

ITERATIONS TO CunNvEEgE= 2
O C et b PGP E USSR E e LSRG ISV RO R RO NP BT RRE ARG R T SEEIFSES IR RFPGELZLYPOT DL LA EFERB LIV ARG IRV L LD LBIINDLTEEOHO L



AQCE 2 CHICAGD, TLL.

CONVERGENCE PROCESS FOR ESTIMATEND VALUES WiTHOUT POLLUTION CONTROLS

FOEORORD VLIS RIODITRAELOBN O RDEIE BTN PR BLIRVIOI O ROEJ YOI RTARB LIV LARGOOFI VLI PP VAN SEPDOIVNOREITEVCOPOOTSSOETOD

E’

- . SIMULTAMEOUS SYSTEM NUMBER = |

[ .

a ENDOGENQUS VAR, Y CONV - G CONV C CONV

F ACTUAL VALUF 30251 .0U 1541.00 18709.00

s ITERATION= | 26899435 0.,11079 1851419 0.04627 16638,37 0.11068

° ITERATION= 2 26890469 0,00032 1851.19 0.00000 16628.98 0.00056 ‘ .
» . .

+* ITERATIONS TO CONVERGE= 2

<

I AFILION VO HTL NIV A OADDE P EN O IR RNV RSB NPT PB DT P F DS A YR GAVCE P A B PP VR ERT VR YIS IRV IOOIROOEARPINPOOOIBOECRIENTS

I B AR E X E RS EER AR EERE R RN RN RN AR RNy I R R RN I I I RN E RN R WE Yy Y EEE S S E R FE R R FE RN W NN RE SN

k o

STHULTANEOUS SYSTEM RNUMRER - 2

» 1

= . ENDOGENOUS VAR, N=-T CONV L COMV W CONV U CONV SUMN CONV
* ACTUAL VALUE 3IN?9.43 31782.90 7.28 0.02 981.50
T ITERATIUN- | 3114.44 0.,004484 3236.29 0.01305 7.17 0.01538 0.04 051679 996,41 0401519

* ITERATION= 2 3114.79 0,.00011 3236.68-0.00012 7.17 0.00003 0.04 0.006879 996.86 0,00045

® ITERATIONS TO CONVERGE= 2

P!th#‘tvaﬁﬁﬁéfcﬁbbﬁektﬁ*#ﬁ*ﬂ&bu#*#0!*0**’###!09&5*&Q#QﬁOii*ﬂﬁu*’b##vﬂé*u9*'0%@ﬁﬁﬁuﬁﬁiiﬂ“*&’*b@é.&ﬂ’&ﬁl&ﬁ’



ARCR 3 LOS ARGELESs CALIF,

CONVERGENCE PROCESS FOR FESTIMATEDY VALUES WITHOUT POLLUTION CONTROLS

“u € etV EY R AP S EISTE LN EANNLD I DO B OBD ST GRS EDOEDIDILE H 208V ot sS04 8620508 P 008D 00B3R3IBCHH08000503538000e883

STHULTAMEOUS SYSTEM HUMRER - |

ENDNGENQUS VAR, . Y Cony G COhY C conNv
ACTUAL VALUE 3nB1%.0C 2367 .00 200657.0nN0
ITERATION= | 31311658 N,03234 283105 001254 19649.490 G6.02032 .
ITTERATIUN= 2 31897.,75 0.00012  2931.03 0.00001 19644,30 0D,00026 Cn
ITERATIONS. TO CANVERGE= 2 ]
?’ﬂ‘et’*’ LR R R IR R R R S N R RS R R AR R N N R R S N R RN W R R A I E R EE R NN ST ERERE R FE-FYFETY YR NYE,

IR RN E NN EEE RN R R A N R N R R E R R R E A R T R E R R TR E SRR R NN NN Ry A R E E E E E N E R E EE R E R RN R RN

STHMULTANEOULS SYSTEM NUMBER - 2

ENDOGENOUS VAR, N=-T COnyv L CoMY W coMVv - U COMV SUMN CONV

ACTUAL VALUFR 2772.93 . 3118.6% 7.73 0.05 856410
TTERATION- 1 30092.74 N,i112679 3127:.62 G.pn290 7.39 0.04423 C.04 0.19703 893,43 0.043061

ITERATIUN=~ 2 3011.84 N,00070 3129669 000064 7.39 0,00022 0,04 0.00026 895.89 0.,00275

ITERATIONS TO COMVERGE= 2
RARNEENEEREEAEAESE SRR ERNEXEFEEENESEENFERERFN EEYEEE RN LI ER RN RS R N I A EE RN EFE N EE RS FE YRR T NN RN EEEE NN R R RN N



AuCh 4 PHILADELPHIA, PR,

COMVERGENCE PRNCESS FOk ESTIMATED VALUES %{THOUT POLLUTIONM CONTROLS
rOQ-‘lt*t‘vcwt'l@ie’#&tca—vég&(-t095#-:&9#*“?0’:‘3&4#0&:¢¢ts{_z*a'l!""é“'ﬁ“ﬂ“-‘4#1}*—##**&{6‘00’41"090!0#’#0&409.&0‘0#000’050’

STHMULTANEGUS SYSTEM NUMBER - |

EMDNGENOUS VAR, , Y Conv 6 CONY C CONV

r~ ACTUAL VALUF 13036400 1280.00 1172%,00

F ITERATION=~ | 156637.03 N,07757 118522 Q7409 1033441 0.11860

E TTERATION~ 2 1466172.,5% D, 00147 1125.07 0.00017 10325,54 0.00036 ’

: ITERATIONS TO CONVFRGE= 2

GHEPEII P LV BE DI EICE R B LS E L UL LT NEN PO A AN B G LR D LA B AT CET RS FE LG GO B CIYEER P EI PO AT REIFIUBRDHEBOIIOPSE OGO QOB ERDT

SRR RO R R RO SRR E NPT L PR RO D LA SRS A DR LB OFTAER T EPIHLE R REEHTFRET BRI N R OOV LU FED G EE O RPLBEIQPETRICLR VOO LDLL OGRS GD

SIMULTANEOUS SYSTOM NUBRER - 2

ENDNGEMOUS VAR, T (QUNRY L conv W Conyv U COMV SUMMN CONYV

;j

% caCTUHAL VALUE 1924 47 1992.20 T 22 0.03 580.70

{ ITERATION=- | 17940.82 N, 0001350 2116453 C.0122! 7.2 0.02795 0.04 D.105665 596,95 0.02798
- TTERATION- 2 194124 0,002 2”17.U4 O0.00024 7,02 0.00010 0.04 0.00:117 597.47 0.,30088
» ITERATIONS TO CoOMVERGE= 2

AR RT A LI D040 AT AT DY IRpCE DYDY ETHE U R LA SYDPAG T EDP IR A2 FPER2 AT A AN PR D GEL ORIV I LD ATV EOITIAIRP RO HDOGOODOERS G RGOD



AQCK ) DETROIT, MICH.

CONVERGENCE PROCFSS F0o® ESTIMATEN VALUES WITHOUT POLLUTION CONTROLS

-at-céons#beeccretéﬁn&z&\!iaua-sovx‘-?ﬁk-}t#&ﬁ@é&ﬁi?ﬂﬁoﬁé?ﬁﬁés@:#b--bahatabﬁ{htamai¢»A»#%500»6‘!0&#*:«1:-téﬂovvotoeaﬁdcobo

' STMULTAMEOUS SYSTEM MUMBER - |

ENDNGENOUS VAR, Y conv G CONV C couv
ACTUAL VALUE 17890.00 1459« 00 9962.90
ITERATIOM= 1 1803479 0,00821 1335439 0.00472 11197.02 0.12417
ITERATIONS 2 18060.4% N,00074 1334.90 0.00n037 11207.49 0.00076 .

ITTERATIONS TUO ConNyvERGgE= 2
#

SO F P e LTI RO ETICRLHETIY HEE g eAD L N R R A R- A N R NS X A R R R E TS R R E AR RN R R R RN RS E R E-E R R AR EEREEEEAIE LR RS

1~ae:‘o&éaton,»»asotaavergaanaatea#a»#.«&y»nxnv0&4##*4—«ﬁ¢»>¢$*50'«*anutavﬁ*roavauﬂtatﬁ&##*&abttﬁccaoaaaoaca00¢av
SIMULTAMEQUS SYSTEM HUMREWR - 2

ENDOGEHOUS VAK, N~T COwv L COMY W Cony U COMV SUMN CONV

ACTUAL vALUE 1531620 ‘ 160000 8,92 . : 0.04 585.90
TTERATICGH- | 15467.09 d,012344 1628414 0.01758 2,37 0.0G6153 0.04 0.12988 621.95 _0.061523
TTERATICH- 2 158730 0,00173 1631.03 0.50178 8.37 $0.00032 0.04 0G.00343 624.51 N,00411

ITERATIQMNS TO CONVERGE= 2

E6 P0G X0 EVIFLI AR DG EE A OC A A ES DN FEI AL EA NS ET Y IT LR F L ARG EAIIISHURISIBF N F L EB IV OGP E R B PO R T VPSR RPERFO DGR



AQCE 6 SAH FRA~NCISCO, CALIF.

COMVERGEMNCE PROCESS FOR ESTIMATED VALUES wWITHOUT POLLUTION CONTROLS

S8 LA MOOODIAIV ARV A TS ARV L AT AIIOHZPABVITHI LI ABHOBIENOI S 44V 38T HS 1 A oA PALS L L ARV ERAVFIRALT BRI LT HOURRGRRTOHDOBES

' SITMULTANEQOUS SYSTEM NUMRER -~ |

ENDNGENOUS VAK, _ Y Conv G cONV c conv
: ACTUAL VALUE 14422.00 - 1345 .00 9753.00
| TTERATION= | 12972051 D,10411 13BN.A0 N.nN2661 2069.50 0.17261 ‘
ITERATION= 2 12875%.25 0.00350 1381.06 0700019 8034.11 0.00439

ITTERATIONS TO CONVE

?G€= 2
R N N R R KRN N )

PR R O G N Y L R R R R A R N e S N N N YA R E N R R RN RN A R A RS A XA A AR RN RN
681 0B L LA RORLOBO T AIAB A S IEI BF L O ORI RGOS B ORI EET BT HIREEL AT FE NI RS G OPHLRTLBROOFHEDITL BB EREREPPARAD OO0 OROSISDIREE
STHULTANEONRS SYSTEM HRUMBER - 2

EMDOGENOUS VAR, NeT COnV

L Conv W CaONV : U CONV SUMN CONV
ECTUAL VALUE 12598.80 ) 1355.20 7.98 - 0.05 19640
TTERATIOMN~ | 1297 .06 0,00642 1247 .59 Q.0N5%41 7eb4 Da04251 D.04 023391 204,75 0.04251
ITERATION= 2 1297.55 0,00038 1348,06 0.01N035 7.454 000019 0.04 0.00193 205.16 0.00200

ITERATIGHS TO CONVERGE= 2

DU L COAL R AT EBTEIFIROBCHNOECE PFERYLEEI N ATRL D IRTE OO OO DS N I saF QLN LROYCOES DBV RGO IPFPIIRRREOOO VUL OHRDOPISIERRDRD



* ARCK 7 ROS5TON, MASS.

CONMVERGENCE PROCESS FOR ESTIMATED VALUES WITHOUT POLLUTION CONTROLS

[ A R R A R R R s R A e e Y EE T E e R T A R A NS R E RSN E T R YRR E R R E R R AR E R EEEENEEEE EEE AR ER KRR BB S

SIMULTANEOUS SYSTEM HUMBER - |

EMDAGENDUS VAR, . Y Cony G CONVY C CONYV
ACTUAL VALULE 13313000 963, NN 9174,.00
i ITTERATICN- | 11932.73 0,1787%9 G40625 Q.N1R53 6837 .16 0425473

ITFRATION= 2 10930.80 0.0n0018 24013 CL.0NDJ3 841,35 D.,00063

- l..
ITERATIONS TO CONVERGE= 2
e'.m-‘ozs«kéue»b#-avﬁwaﬂ# PO AR F VLG RN BEUEH T EIDE R LU CTE DL SR TEED R LD HRPEII N RN LR D B DO RRAI LI LED TN OGO LV OB N HBOODURALP DO

N R R N N R A L R R R R R R E . R N W RN AW IS TR R R RN RSN R EEEEERE RN E-E RN R IR RN R S-SR R K N -

SIMULTANEQUS SYSTEM MUHMBER - 2

[ ENDOGENOUS VAR, N-T ’CONV . L CaONV- W CONV u CONYV SUMN CONVY
ACTiIAL vALUL 1291 .83 1337.30 704 0.33 316.20
TTFRATION=- | 129213 0.00487 1348462 D.008445 5,70 0.01987 0.04 0,10269 322.48 0,01987
ITERATION=- 2 17298e26 0.00G010 13483.79 0.00013 6,70 0.00005 0.04 0.,800075 322.63 0.000484

ITERATIONS TO (nuVERGE=S 2 .
e R R R R E N RN R R R - E N LEEE X RN SN I I R e I EEEE TR TR R R RN NI IS N E R R R EE R E R R R EEEREREEA RN AN R KR



AQCR © 8 PITTSHURGH, PA.

CONVERGENCE PROCESS FOR ESTIMATEN VALUES A1TTHOUT POLLUTION CONTROLS .

4
’

2L P LG OIS AP O IR RO SLOPE B I TR I SR EREE LIS 2T A 2200258 F DR xcEesaRIeLL LR 2044933003883 0400B80880230408808B00380

SIMULTANEOUS SYSTEM NUMBER - |

ENDOGFHOUS VAR, : Y COnv S CORY C coiv

G

ACTUAL vALUE §6%7 .00 A&0N NN 5162,00
ITERATIUN=- | R?283.34 (J,NLb42 587.98 O.gzond 5191 ,32 0.,00U568
TTERATION- 2 R255.28 0.00023 L87.77 N.0N023S% S20U.495 0.00176

JTERATIONS 10 COMVERGE=S 2
*a ’ 2

L IR e ISV uLTINNEY e C L RAOLONE AR D OB FEH AR I g RIEE FUIETRIT VG I ET LAY RN TRV AV LD E PR L BE PR B ETIESOO NGRSO DOC QS

WAL AR IO DL S X h N IY EREFRY FEITRABLIYLLEE Y ESETNY ST EY I ST ET IRET ST LTS LTOISCDRIRIBASGEDINIH P ES S SOCG TR OO FDOV TSR SR

STMULTANEQUS SYSTEM NYUMBER - 2

EHDOGENQUS Vak, =7 CoNV L. cCoNvY ity CONY T CONV SUMN COnV
ACTiAL VALUFE A 20 938,10 7.96 0.03 ' 301.70
TTERATIGH= | 913,22 G,00774 4B .64 N.nt124 7.77 0.02321 0.04 0.09795 306,70 0.02321
ITERATION- 2 913,35 D.00019 943.73 0.00009 7.77 G.00002 0.04 0.00182 308.87 0.00056

ITERATIONS TO CNMYERGE= 2

R AR E R RN NN NN R Y ERE A R N R N Y YL A E L R R R NS R FENERENEEEEEREE R EEEEEE R R R EE NN R AN R RS N



i ACR 9 S7. LOUIS, #0,

CONVERGENCE PROCESS FOR EZSTIMATED VALUES %[THOUT POGLLUTION CONTROLS

IEV I IS LA I RD IR E AT GO 0P FAAY FELTP LR LN F A EE N OB EC R LER TN 422 %REBPER S PIOLLTRR YO RPHIALOHIPERIT RN PO DENRGBISEEDEO SO

STMULTANEOUS SYSTEM NUMARER -~ |

ENDINDGENTGUS VAR, . Y cenv G coMv C COoNy
ACTUAL vVALUE 8956.0U 624 .00 4715.00
ITERAT{ON- | $471.20 0,014345 £72.64 0.03231 5301,99 0,12449 }
TTERATION=- 2 A4R7.21 NL,U00165 571.7A-0.00154 6323.61 0.00408 ,

ITERATIONS TO CONYERGE= 2

IR N E RN R AR R AR R A AR RN AN RN R R R e A T E RN E R RN N B R IS A E R RS R AR R AR A RN RS LR R LSRR N

[N A ERBESRENENEFSNFREEREEEENNEREETEEERE RN NN INER NBESWEFEEELENEFNFEEESEWENEELNEEBEETE N EEE R NN I N NI I NI IR -0 3 3 W NI R N

STHULTANEQUS SYSTENM HUMBER - 2

f EMDOGENOUS VAR, N=-T cony L CONV W cComy U CONYV SUMN cony

; ACTUAL VALUE PRY4.45] PH8.00 7.50 0,03 296.90
TIERATION- | 9454451 N,01174 1103415 D.N1533 7.22 D.03711 .04 0.09897 307.92 0.03711
ITTERATIUN=- 2 FAS,90 D,L,U0030 100333 00Nt 8 7.22 0.00018 ’ 0.04 000165 3108.38 0,00151

' ITERATIONS TO CONVERGE=S 2
AR AR IR R E R EEEE R AL RS NN RSN RN S AR E R R RS RN R EE R EE-EEEEEEEER RN R R RN R R EE R RN R - B



ADCR {0 UASHINGTOMN, D. C,

CONVERGENCE PROCESS FOR ESTIMATEN VALUES W1THOUT POLLUTION CONTKROLS

ORI OB OTREY RO LU PR Y YO LTS EL VLI ERDPEDIRDE T E R BT AP IPE B D SRD RGP I TP O N R ATOROERCSUREPHEE R IV NOONGRGPGALNOOD S

STHMULTAMEQUS SYSTEM NUMSER - |

EHDOGENQUS VAR, . Y CONVY G cnny C CONYV

ACTUAL VALUC 11246400 1055 .00 7894 .00

ITERATUie= 1 J354.39 0.34604 935,28 0.11346 4648.34 G.41116

ITERATIUN= 2 7397.63 G.00582  9234.49 0.0n0R5  4675.45 0.00583 .
ITERATIONS TO CONVERGE= 2 \

TON AR 4L IO L AT SR A ERE FCITRDUSECAE A AL RO B C DA DSV L AN S LGP BT UG VTE AR R A PABLIROBELBERRCEORRIBIEN SR COIERIR O

303000t~?#¢"c¢i#t$*6$n&bca#ttvtéa#g&tﬂu#*t-o:*-#&atat‘ve\vsvs'b&sa*##tiﬁ#td#d#&ﬁﬂ#bi‘tﬁba#&}lﬂw»b‘t@&ﬂcﬁﬁﬂ*ﬂ@ﬁéﬂé@*

SITMULTAMEOUS SYSTEM NUMRER - 2

ENDQGENGOUS VAR, MeT ConNv L cony W CONV . U CONV SUMN CONV
ACTUAL VALUE 100268 . 1530460 7.41 g.n3 56.80
JTERATION- | 1002.72 0,00104, 1042564 0.0n1174 7.28 DL,G1734 0.04 0438931 57.78 0.01734

FTTERATION=- 2 1003.68 0,00004 In42.h1 B.nn0n3 7.28 0.00008 0.04- 0.,00483 57.81 0.00038

ITERATIONS TO CNNVERGE= 2
eu6’$o§¢oﬁbb'44*¢bc¢w4tat;:voﬁsﬁlttvvﬁnb«svt»,snacs*é-w#uu»a*vta*oﬂatwd&&#v&k*é##eOﬁaae‘ﬂwaibni#&#u#étba*ﬂaaba‘aeo



ADCR i1 CLEVELAND, OHIO

CONVERGENCE PROCESS FOR ESTIMATEDN VALUES ¥ TTHOUT POLLUTION CONTROLS ' .o -

touogaaaoce—aoﬂttuv‘:&q«sqcg&nktﬁ&a#aoﬁ:*u*#&»ac0:&5»04:4.;&*#&&‘t-’twa%tﬂﬁ'lﬁﬁbv*tcalt&awavea»oo'oa!btcﬁéoéaﬁucaca‘

SIMULTANEOUS SYSTEM NUMARER - |

ENDOGENOUS YAR, ’ Y Couy . G CONV C CONV
ACTHAL VALUE BHAL.00 &13.00 S04E8 ,0()
TTERATIGH= | 264733 D,02142 S8lebb NLIBRLI12 KHY40.82 0,07774

ITERATION= 2 2437.14 0,00118 RE1.i8 d.00083 G434.,461 0.00107

ITERATIONS TO CaonNVERGE= 2
0“”0’1'#"'01"#“4.6v"ﬂ‘luiﬂﬂoéaﬂ!ie#uo.it-'étﬂétd‘bes#ﬁd*?a&-iﬂ-‘bukaf—'éﬂt“”b"qf‘&**i&ﬁb#ﬂaﬁb#atSb'bﬁ#ﬂ#?‘tﬁ’&“o‘ﬂﬂc*‘%’ﬂ’é@l‘

SN AP CBTONTHEBBB OO UTD B P LRI AFFN T EORDEE LA AL DS EFTIANG e e S P ER I B G RBEO B ANI RV R FD ARG LGOI ROV IDNDPOIVOROLOCES DB

SIMULTANEOUS SYSTEM NUMIER - 2

ENDOGENGUS VAR, N=-T CONV L COnvV N CONV U CONV SUMN CONV

ACTUAL YaLUE 578.14 955.30 7.86 0.03 ‘ 30490
ITERATION= | B90a33 0,01389 924970 0.n2143 7.55 0.,03999 0.04 0.25137 318.70 0.0384%6
TTERATICOH- 2 BP0 .94 0,00068 22540 0.053075 7,55 0,0U00063 0.04 0.00792 319.66 0.00302

]

| ’ 2 - it

{ ITERLATIONS TO (NONVERGE= 2

AR R IR R T AR NN RN R N RN N AN F NS E E RN FET RN FEEEAENE LRI N R R EEEE S RSN EEE RSN EE R RN EREEEEXE RN R RN ER NN



AJQCR i2 RALTIMORE, MY,

| CONVERGENCE PROCESS FOR ESTIMATEN VALUES %iTHOUT POLLUTION CONTROLS

uV.Q!Q"E¢v$U293‘,l§§#00;$ﬁbz#ﬁ*}=20&363&%:vﬂq#mzﬁtssvt##ﬁiéﬁ’¢§55¢&$&$§UG#éﬂ#o»a&OGQ'O‘GG#CQQQ?&QQHQ0050535

. STMULTANEQUS SYSTEM NUNMSER - 1

ENDNGEXOUS VAK, Y COny G cCoOMNY C cony
ACTUAL - VALUE 7438.00 EUG 0N 666,00
ITERATION= | 753%k.26 (0.01321 637.73 001128 4743,838 0.02033
ITERATIUN- 2 7543.,09 DL.0G091 63770 DouNNL3  4763.82 0.00062 .

TTERATIONS 10 CONVERGE= 2
TPFOODFAUO IO RO EL PP T AN AL IO AP LGSV USRIV LR AL ET 7 RED T A BB EP LRV I RIS NOTH S FIIITICED ISP VL ACLVOROS VIO SDE

v:eotoééoaaaﬂahﬂltugaé@eu#ﬁsa‘tuoniﬂoeA*hvaﬂv##«***;c»f*ﬁu*tﬂ;ﬂwaoﬂveaﬂabn#&bﬁ&q*i#ﬁ#‘»eo#ﬁ@t#oaaaaosucvcotﬁ

STHMULTANEGUS SYSTEM MUMRER - 2

EHNUNGENHOUS VAR, M= COnv L COny W cony U CanNvV SUMN CONYV
ACcTnAL VALUL 12,75 835.30 7.08 C 0.03 20%9.80
ITERATION=- | 814->7 NeON1H12 A998 D.01159 7.05 (.00399 0.04 0,38417 210464 0.006401
JTERATIONR= 2 813 0.000002° 244,99 0.0NN01 7.1 0.,00002 0.4 0.00575 210.64 0,00002

ITEKATIONS 70 (CaNVERGE= 2
ERAE - R B N N A N O N E AR R EEEEE I N I O A A e R R R R R R E R E R R R E E E R E R R X R FEE X E Y X -



AGCR 14 MIMMEAPALIS-ST. PAUL, HINN,

COMVERGERMNCE PROCESS FOR ESTIHMATED VALUES WiTHOWT POLLUTION CONTROLS

2l S B F AT IINBIPDI NGO T PIEL N AYTE O PESLT e PO O AEC LAY EEHIT L BVEP AR LD HVIOHFEPI NV QOFLOL P EBO LD EIORGODBIREOQOOORPE S

. SIMULTANEOUS SYSTEH NUMBER =

[

CENDNGENOUS VAR, _ Y ConNY G CoNv C cony
ACTUAL VALUFR 7154 .00 ’ 543,00 4G67.00 ‘
ITERATION= | 7073418 0.01130 569,368 Do11449 4475.44 (0.10048 ,
ITERATION= 2 JNR2.10 0.00293 568.93 0.00079 4462.32 0.,00298 .

[TERATIONS TO CONYEFGE= 2

é"&&l&ﬂﬁ*?‘xbﬁb‘i'?ﬂﬁotuﬂ‘n#“‘?di*G*ﬁ-*&ﬂttn&ae***i}ﬁﬁtl‘t&'kD°*54*¢*a‘&&*#&dkﬂ'é’ﬂﬁ36#0!ﬂﬂﬁ@###&‘ﬁ'ﬂéﬁQb&ﬂﬂbﬁﬂﬁﬂ.#n&ei

AR A AR A AN AR AR N E RS A S E R E RN R R RN R R AN R RN R R N RN R R A E N N R RN R N R R E R R R R R A E RN NN R RN R

STMULTANEQUS SYSTEM NUMBER - 2

ENCAGENOUS VAR, . N=T CoOnv L COHV W CONYV , U CONV SUMN CONV
ACTUAL VALUE 757 .85 774,90 7.49 0.02 203.80 '
ITERATION- 7H4.45 0.060870 793.99 N.024544 7.24 0,03236 D.04 071179 210,37 D.0D3224
TTFRATION=- 2 7h4.h6 D,00029 794,12 0.n0N1 6 7.24 0.00000 N0.04 0.,01524 210.62 0.00117
ITERATIOGN= 3 T64e6/7 0,00001 794,12 C.0Nn001 7,24 0.0 . 0.04 C.00010 210.62 0,00000

ITERATIONS TO CONVERGE= 3
*

10.0’;0“3*40‘4#0#?‘0%#"0 A AR EEREE AN EREEEREEEE AR EEREFENEEEAAEEASEEREREFNEENEREERN-EEB RN NE R E R REEE IR ERNEF-R N R-E R E NN X R



|
' 49CR 15  HOuSTOM, TEXAS
CONVFERGENCE PROCESS FOR ESTIMATED VALUES WITHOUT POLLUTION CONTROLS

‘Su**’tsts‘ca#s&Gézeﬁaﬂnﬁtbw?s&ﬂﬂocacanéﬂzﬁudtuta":!-&ﬁ1—':}3&‘-&:ttﬁ'ﬁ“»&ott*u*é5699G#fiUQ#&ﬂﬁb‘iﬁ#&0'0090&&90’00005‘

' STMULTANEOUS SYSTEM NUMIER - |

ENDOGENQUS VAR, Y COnv G CONV C CONV
ACTUAL vVALUCL 277,030 -534.090 4160,.00
FTTERATION- | 6970477 NL.10221 465 e 69 e12792 4385,45 0.,05420 .
[TERATION=- 2 £934.0% N,00192 445430 0L.00084 4390432 G.00111 b

ITERATIONS 10 CANVERGE= 2

PR I N A A A R A I e R E LR AR EE R N o N e R R R NS R RN E SR EIEEEEE N R R R RN EEE R RN R RN R R

L e e LR OLB ORI PG T DL LN S IATEIISRGE O R A TLSF A P RD E T LS AL ED LY R PR RIPFIEUBOAPULED GO IV AICELFENLIRGIRITPOTIOHO OGSO OO

SIMULTANEGUS SYSTEM NUMBER - 2

EMDNGRNOUS VAK, ' M-T COonvy i COMv W CONV U ConNV SUMN CONV
ACTUAL VALUF 710.65 . 755400 7477 . g.02 148.70
ITERATION=- | 74439 0,020774 775346 0025696 7.6 0.D393 .04 0499374 154.55 0.03935
ITERATIONM= 2 T46.75 DL.00049 775.50 D.00N19 7.%6 0.00004 0.04 0.02149 154.80 0.00159

ITERATICH- 3 74675 0,0000N0 775.49 G.00001 7.46 0.,0C050 0.04 0.00019 154.80 0.30C00

ITERATIONS TU COMVERGE= 3

S E N PRNTT O ASNICBAED RS G F PR R C Y VR AR T H DL ARG C AT N Y OD CHEYRRED EPE BRI A NP AR B ERRSBPEE VO A DOSTI PRI VL J A G EO OB OCLHOEOIVGDIS



‘ . ARCR

COHVERGENCE PROCFSS

|

ENDOGEMOUS VAK,

ACTUAL Vﬁ.LUE 43
TTERATIONRN~ 63
ITFRATIGN= 2 54

ITERATIONS CONMYERGE

A AN B AGNOBIEIORDH T FO QXS

T ¢
T2

AR N A Y ENY R RN NS EEENEEEE]

S

ENDOGRNOUS VAR,
SACTUAL VALUFE
ITERATION= |
ITERATION= 2

i)

)

)

ITERATIQONS TO CONVERGE

1A BUFFALD, N

For FSTI

PP R BT ERPOLBOURCL2OoTONDIECL I RLITIIATITEIFTIT RIS

HEQUS SYSTEM MU

TMULTA

Y cony G
Y ,00 G200
54443 N1,3289R 599,27
1220 0,00435 Lg¢ 21

2

YHEDHCH P IU I PE LT LT

LN E BN RN EEEEE R

TMULTAMENDUS SYSToM HUM

N—-T cCony L
18,12 43,10
21475 Q,00701 541.57
22.0000 O.,00049 C4len?

= 2

MATED YALYES #1THOUT POLLUTION CONTROLS

TR R EA T E R FEE RS AR E R NSNS R E R R EE AR R AN EEEERE-E-A A R-R B R B

RER -~ |}

CORY C cony
3676.00
R.nnc4d  H067,92 0.32247
C.0nN12  4070,48 0,00063
A B A EAFETC OB DTE L2V EOLABIIAEXIDEABILRELLL S EHFITOL2D4CG00 00000000

BEBERWBRE L H YR ATIG YDA IR FPHLD L L FB OV UIPEOCI VOB RSTIROD D

BER - 2
conv W conv U CONV SUMN CONY
7.69 0.05 176060
0.01291 7.52 0.02143 0.04 0.20823 180.40 D,02152
0.0n019 7.52 0.00011 0.04 0.00551 180,49 0.,00047

2B HEAARAY RGO D ST LT R EF R EI RS RS DE R IR TSR AB PN AU CE N LB g AL T RO AR L DR CE LR R ALV G LI OGRS OCORIRO ORGSO GOEROBC



