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ABSTRACT
DISPARITIES IN THE DISTRIBUTION OF MUNICIPAL SERVICES
by

ROBERT MARLAY

Submitted to the Department of Civil Englneerlng and to the Department
of Urban Studies and Planning on June 25, 1971 in prartial fulfillment
of the requirements for the degrees of Master of Science and Master in
City Planning.

This research addresses the subject of disparities in the distribution
of municipal services. Municipal services, in this studv, include
refuse collection, rat control, the installation and maintenance of
storm and sanitary sewerage, curbs and gutters; street and sidewalk
surfacing and repair, street cleaning, snow clearing, street lighting
and traffic control; the provision of water, gas and electricity; police
and fire protection; and the provision of open space, recreational
facilities and other environmental amenities. Numerous cases of
disparities are documented and the sampling suggests that the problem
is widespread and that the magnitude of unequal treatment is often
cuite large, Ethical and legal arguments are offered in support of
rmore equitable distributions. Legitimate standards by which equity
might be determined are discussed and the practical difficulties of
implementing these are exposed.

From several sources of information, including the author's research

- of Cambridge, Massachusetts, the nature of the "process" which

determines how municipal services are distributed is conceptualized

and explicitly modelled. Relying upon this conceptualization, the
discussion then offers to explain why disparities exist and suggests

that those most commonly denied adequate municipal services are best
characterized as powerless and poor. Lastly, the strategies of political
incorporation, citizen involvement, confrontation, litigation, legislation,
subsidization, research and innovation are briefly mentioned, and some
speculations are made upon the implications of their possible successes.
As an aid in understanding the long range effects of different
combinations of strategies, the distributive process was modelled on a
computer and several strategies were simulated with insightful results,
and these are referenced at several points in the discussion.



In the Appendices, a study relating participation rates in the
consumption of public services to socio-economic factors is
summarized, a listing of the computer model for the distributive
process for refuse collection is provided, and the author's analytical
work concerning the routing of public sector vehicles is presented

as one illustration of the many possible applications of research and
innovation to municipal service svstems,

It is concluded that disparities in the distribution of municipal
services seem destined to exist, not because there is a lack of
strategies which can eradicate them, but bhecause their existence
appears to be an essential thread woven into the fabric of stable
communities., Disparities appear to have a necessary and desirable
function for all concerned. This is not to say, however, that anyone
should be denied adequate municipal service, and towards this goal
many ‘strategies €an be applied.

Thesis Supervisor: David H. Marks
Title: : Assistant Professor, Department of Civil Fngineering
Thesis Supervisor: Martin Rein
‘Title: Professor, Department of Urban Studies and Planning
Thesis Supervisor: ' Lisa R. Peattie

Title: Associate Professor, Department of Urban Studies and Planning
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I. INTRODUCTION

In the new industrial towns, the most elementary
traditions of municipal service were absent. Whole
quarters were sometimes without water even from local
wells. On occasion the poor would go from house to
house begging for water. . . . Opren drains represented,
despite their foulness, comparative municipal affluence
« « « « Block after block repeats the same formation:
there are the same dreary streets, the same shadowed,
rubbish-filled alleys, the same absence of open spaces
e « « « [Tlhose who speak glibly of urban improvements
during this period . . . fight shy of actual facts:
they generally impute to the town as a whole, benefits
which only the more favored middle~class minority
enjoyed. . . J : : ‘

In the above passage, Mumford describes the residential environment

of the.néw industrial towns of nineteenth-century England, yet his
depiction of the past is hauntingly similar to those of urban and rural
slums today.

Ghettos have long been characterized by poor municipal services.2
Today, the familiar expression of the "wrong side of the tracks" elicits
imagefy, like that above, of tﬁe conditions resulting from the lack or
inadequacy of such services: dimly 1lit, unrepaired, and often unpaved
streets, rat colonies, accumulations of garbage, trash stréwn in vacant
lots, stagnant water at clogged sewer catch basins, unswept streets and
inadeqﬁate traffic control. 1In sharp contrast, the more affluent
neighborhoods under the samemunicipal jurisdiction usually receive
municipal services so conscientiously that the inhabitants are rarely

reminded of their vital importance. Such disparities in the distribution



of municipal services among residents can be perceived in nearly
every city and town in the country. |
Yet’evidence cleariy shows that the impoverished are in no way

less concerned about receiving adequate municipal services than are -
other segments of the population. The Report of the National Advisory
Commission on Civii Disorders specifically cites as unreienting sources
of irritation and frustration the environmental conditions resulting
from the non-existence or inadequacy of rat extermination, street
.cleaning and refuse collection services.3 The Revort also notes:
"According to one Sanitation Commissioner, . . . residents bordering oﬁ~
slums feel that sanitation and neighborhood cleanliness is a crucial
"issue, relating to the stability of their blocks and constituting an
important psychological index of 'how far gone' their area is. It must
be concluded fhat slum sanitation is a serious problem in the minds of
the poor. . . ."4 Furthermore, as evidenced by legal suits in various
parts of the country on behalf of the poor,s services other than those
strictly relating to sanitation are also perceived to be important by
the lower classes. These include the provision of stormwatgr drainage
facilities and sanitary sewers, street and sidewalk sgrfacing and repair,
street lighting, water supply and traffic control.

| This argument alone suffices to say thét municipal services
éhould be distributed more equitably, but there are other compelling
arguments. The Report links inadequate municipal services to domestic

crises. "Virtually every episode of urban violence . . . was



foreshadowed by an accumulation of phresolved griévances by ghetto
residents against local authorities. . . . So high was the resulting
underlying tension that routine and fandom evénts, tolerated and
ignored under most circumstances . . . became triggers of sudden
violence. ,A. . Evidence . . . establishes that a substantial number
of lNegroes were distrubed and angry about local government's failures
to solve their problems."6 6f these problems, the insecurity of self
and property and poor health and sanitation conditions were éited
among the most important. "Inadequate sanitation services are viewed
by many ghetto residents not merely as instances of poor public service
but as manifestations of racial discrimination,"7' Furthermore, the
levels of services provided by municipalities appear to be correlated
to such health indicators as rat bites per thousand children, maternal
and infant mortality rates and life expectancy. This link alone,
however vague it may be, carries with it implications of aweéome
responsibility on the part of administrati?e officials. Inadequate
police protection has often been cited as contributing to the.higher
crime rates (35 times higher. in somé instancese) in the lower income
Negro districts.

Lastly, the levels of municipal services are important indicators
of governmental efficacy. Poor servi§e5~ére interpreted by residents
simply as municipal neglect--an interpretaticn whicﬁ eésily fans the
fires of discontent, and which is amplified in areas where high
population density creates mofe intense needs for services and where

the lack of open space and the uses of streets as outdoor living rooms



and recreational areas produce higher visibility and séﬁsitivity to the
coﬁditions resulting from poor services., -

Summarizing, municipal services are as important or more so to
the disadvantaged as théy are to the more affluent, %nadeqﬁate services
have been linked to social unrest and the levels of muniéipal services
are often used as valid indicators of governmental efficacy despite how
well the government miéht perform othef more intangible services.
Furthermore, t#ere ié an underlying feeling pervading all these arguments
that municipal services should be distributed equitably énd without
regard to racial, social or economié factors. Yet vast disparities
‘persist., |

In the face of this persistence, two questions emerged to motivate
this thesis:' why do they persist, and what can be done about them? The
goal is clear--to ameliorate the suffering, ih sﬁme cases, and irritation,
in others, of thosekwho bear the consequences of pcor municipal services
by achieving some measure of equity in both their quantitative and'
qualitative distributions. |

In an effort to contribute towards the achievement of this goal,
the research effort undertook four objectives: (1) to confront some of
the»issues surrounding the subject of municipal services aﬁd their
distribution, to examine more closely the meaning of “equity” and to
éxpose some of the difficulties in trying to apply certain standards of
fairness to the distributive process, (2) to conceptualize the nature of
the overall process which determines how municipal services are distributed

among various residents in a municipality, and to model those elements
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in the process which create and perpetuate disparities, (3)Vtortest the-

hypothesis that the negative effects of disparities fail largely upon two
Specific segments of the»population: the powerless and the poor, and

(4) to outline some strategies which-miéht help to secure relief for the

"excluded" in sociéty and to discuss thé limitations of these strategies

and the implications of their successes.

The scope of this research was limited to Qmunicipal services," a
very ambiguous pﬁrase as it is used today. Some have used the phrase
literally and have allowed its meaning to continually change with the
expanding roles of municipal governments and with the growing_numbers
and kinds of services which are provided. Thus, it is often used to
connote the entire spectrum of services provided by a municipality.
Others maintain that municipal services are distinct from urban services,
social services, public services and other categories and include oniy
specific types of services which relate to the physical maintenance
of the city and which are primarily provided by public works departments.
In any case the phrase is suffering an identity crisis and needs some
helpful clarification.

In this study, the following services are typical exaﬁples of
those included in the scope of research: refuse collection, the
installation and maintenace of storxu and sanitary sewerage, curbs and
gutters; street and sidewalk surfacing and maintenancg, street cleaning,
snow clearing, street lighting and traffic and parking control; the
provision of water for domestic use and for fire protection, the

domestic utilities of electric rower and gas supply; police and fire
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protection; and the provision of open épace, recreational facilitieé,
tree plantings and whatever other aﬁenities for which a municipality
has chosen to be responsible,

If pressed for a éonceptualizing definition, the author would
suggest that municipal services include all those services which aré
provided or regulated by a local muniéipality and which contribute to
‘the quality of the immediate environmenf éf municipal residents.

The immediate environment of a municipal resideni consists simply of

his dwelling unit, its surroﬁnding space, including streets, sidewalks,
yards, alleys, and a; agglomeration of other dwelling units. In this
study it is extended to include also nearby recreational area§ and’opén
spaces, if they so exist. The focus is upon disparities in the
distribution of municipal services among Eggidenﬁs and,. therefore, the
above definition reflects this boundary. It is recognized, of course,
that municipal services even as defined above are provided‘to commercial,
industrial and public areas as well. By restricting the definition to
;he immediate residential and recreationai environment many other services
which might be provided by a municipal government are intended to be
excluded from consideration here. Among these are the;mbliéservices of
education, health and hospital; the intangible services of planning,
zoning, judication, and administration; the social servicesrof jéb—
training, employment centers, legal aid, welfare and other forms of
income redistributive programs; and other services which are primarily
intended for the commercial, industrial and other‘economic interests

within the boundaries of a municipality. The residential environment
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was chosen as the focus of this study simply because it is in this
environment that the greatest human suffering occurs as a result of'poor
or inadequate services.

Recalling the four objectives of this thesis, each was met with
varying degrees of success., Chapter II documents certain instancés of
disparities in the distribution of municipal services, provides a more
specific portrayal of the general_problem of disparities, raises some
of the more controversial issues and arguments surrounding the question
of equity and exposes the difficulties in trying to quantify the ﬂeeds
of residents for services and to measure different service levels. Chapter
IIT examines the nature of the overall distributive process and constructs
a conceptual model (accompanie@ by a series of nine schematic diagrams
resembling thoseAusea by Jay Forrester in his Urban Dynamics Modelg)
of this process from four principal,sources: ‘the author's personal
observations and those of four otheis who participated in a ten-week
summer study of municipal service systems in Cambridge, Massacﬁusetts;1
Gordan's research of refuse collection and street cleaning services in
Boston;11 the publications of related research efforts in the broader
field of public services; and legal literature regarding the.existence
of disparities in the distribution of municipal services. From these
sources is also drawn evidence that supports the hypothesis that those
segments of the population most frequently denied adequate municipal
services can indeed be characterized as powerless and poor: for those
services whicﬁ are provided free-of-charge and which are largely allocated

by municipal officials, the powerless (meaning the politically alienated,
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educationally deprived énd otherwise disadvantaged) are excluded by
their inability to coméete aggressively for their share or to resist
poor quality, and for those services which are proﬁided with.service
charges or user charges affixed, both the powerless and the poor are
excluded by their inability to have services placed "on the market"
in theif neighborhoods and to resist poor quality, and by their
inability to afford the direct costs of using or consumihé the services.
Chapter, IV, lastly, outlines several broad strategies.(litigation;
citizeniparticipation and confrontation, legislation, subsidizétion,
research and innovation) and speculates upon the consequenées of
their implementationf

keeping in mind this overview and the points raised earlier,
the discussion now turns‘to the issues surrounding the topic of this

research.
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II. EQUITABLE DISTRIBUTION: FACTS, ISSUES AND MEASUREMENT CONSIDERATIONS

In the Introducti§n it was argued that the existence ofvdisparities
in the distribution of municipal services isa problem worthy of concern
Aand that the attainmentvof some measure of equify in their distribution
is a goal worthy of achieving. Although one may agree in principle with
both of these statements, the path towards an equitable distribution is
cluttered with arguable issues and practical difficulties; This chapter
serves as an introduction to many of these.

An attempt will be made fi:st to provide a more specific
understahdinq of the general problem andix:sugqeét its scope by
documenting certain instances of disparitieé in the distribution of
municipal services. Then several "standards of fairness" which a
municipality might use £o justify these disparities are presented and
discussed in order to raise the controv;rsial issues surrounding the
guestion of equity. And lastly, two otﬁer standards are presented which
seem appropriate in lightlof recent court decisions, but which,
unfortunately, are burdened by the difficulties of quantifying needs and

measuring service levels.

A. DOCUMENTATION OF DISPARITIES

Few studies exist which specifically document unequal treatment in
the provision of municipal services. Those that do, however, suggest

that the problem is widespread, occurring in large urban areas and in small
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fural towns throughout the country, and that thé magnitude of dispérity
can be devastatingly large.

In the small rural town of Shaw, Mississippi, even though 60
percent of the town's 2,500 residents aré black, white areas monopolize
the sewérs, fire hydrants, water mains, sidewalks, stréet light§ and
traffic lights. A mere 3 percent of black homes front on paved streets
éompared with 99 percent of white homes, While the town‘has recently
acquired a significant number of medium and high intensity mercury vapor
street lighting fixtures, every one of them has been installed in white
neighborhoods. Similar statistics regarding other local improvements
‘exist and are undisputed by municipal officials. 12

In Boston, Massachusetts, the predominantly white and middle to
upper income residential area of Beacon Hill receives street cleaniﬁg
services twice a week and refuse collection services three times a
week during all seasons of the year. Meanwhile in another Boston district,
Roxbury, a predominantly black and low income area which is equally
densely populated, receives these services only once a week during most
of the year, and receives refuse collection twice a week only in the

summer months.13 In Cambridge, Massachusetts, 35 percent of the city's

resident; receive preferential treatment in the provision of "barrel-
folling“ (the rolling of refuse containers from the house to the curb)
before collection, but very few of the residents in the low income
Model Cities area receive this service.14

In Cleveland, Ohio, police provide inferior services to the

predominantly Negro neighborhoods. Residents have testified, for example,
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that the‘police knowingly allow gambling‘and prostitution to thrive in
Negro areas, but vigorously prohibit them in other areas. Cleveland
police have been charged with racial digcrimination in that thev always
investigate criminal complaints against blacks but frequently ignore
‘those against whites. ‘The police are also said to respond very slowly,
if at all, to calls for help from predominantly black neighborhoods.

An intensive study of Cleveland police records in 1965 found that the
police waited on the average 50 percent longer from the time of receiving
a call for help to the time of directing a police car to respond. ‘These
times for the predominantly black 5th district were aQeraged at-13.69
minutés, but were averaged at 8.49 and 9.27 minutes for-the
predominantly white lst and 2nd districts respectively. In response to
robbery calls the police took more than four times as loné in the S5th
district as in the other tﬁo%s : \

Fragmentary evidence supports the widely-held belief that cities
do not maintain streets, sidewalks and sewers equally in their different
neighborhoods. Citizens in Shaw and Itta Bena allege that each tovn
repairs and-maintains-the streets and sidewalks in its white
neighborhoods, but refuses to do so in its black areas%6 In Cambridge,
officials claim that sewer catch basins are cleaned out at least once
every three years, but evidénce shows that some basins in a low-income
area had not been cleaned out in nine years despite complaints of
flooding.17 The BOStoﬁ Sunday Globe reports more streets are in bad

condition in the Roxbury and South Dorchester sections than in other

neighborhoods.18
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Oﬁe investigation of a major midwestern city revealed that
certain high income areas had more than eleven times the amount of
public reﬁreational space available for ezch 10,000 people than certain
low income'neighborhoods.19 And Boston has beenh accused of providing
less adequate staffing for its playgrounds in'ﬁoxburyrthan in other

2
~ areas.,

B. STANDARDS BY WHICH TO MEASURE EQUITY

The pattern of disparities in the distribqtion of municipal
services described above does not appear to be simply a matter of chance.
Instead, cities appear to provide inferior services to the poor and
the racial minorities. In view of the evidence, one would conclude that
such treatment on thé part of local government is inequitable. But
how does on arrive-at this conclusion? What standards are being implicitly
applied to the evidence in the process of deciding what is equitable andA
what is not?

In the case of Shaw, Mississippi,bone might feel that an
equitable distribution of local improvements would be one in which equal
or similar percentages of black and white homes fronted on paved streetg,
received sanitary sewerage ana so on. Another might feel that a measure
of equity would be equal per capita expenditures on local improvements
in each area. A third person might feel that these standards are
inappropriate and suggest that local improvements should be distributed
in accordance with property valuations or with the amount of taxes each

property owner paid~
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In the case of the Cleveland police,kone might argue that equal
response times to calls for hélp from all neighborhoods would be
eqﬁitable} another might counter b? noting that the number of calls in
the 5th distric£ is much greater than in. the other districts, and that
50 percent greater time delays are in fact reasonable wﬁen one considers
the pressures under which the department is working. In Boston, one
neighborhood receives three times the refuse collection frequency of
another, and this is felt to be inequitable; but in New York City,
ghetto areas receive two times the refuse collection frequency of other
areas, and this.is not felt to be inequitable. The higher frequency,
it is argued, reflects fhe greéter needs .of the ghetto afea, and so on.,

~Clearly, many different standaids are being applied in these
arguments about what is equitable. out of this discussion should emerge
the realization that the meaning of equity is subject to vastly different
interpretations among different individuals and that the "standard"
which one chogses to apply is simply an instrument which one uses in a
debate to defend a certain value position; As, such, each standard seems
in reality to be little better than another.

This realization precipitates two philosophical approaéhes to the
problem of disparities. One is an "amoral" approach. The philosophy of
this approach holds that a certain distributi;n of muniéipal services is
neither right nor wrong, that the allocation of services is not a process
which can he subjected to arguments and compromise, but a process which
must be coerced with pressure, influence and power to provide better

services to the disadvantaged. The second is the "legal" approach. The
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philosophy of this approach holds that there gre,.indeed, standards of
fairness which'are prevalent in society, that these have been internalized
ané institutionalized by society in the form of readily cognizable
principles embodied in law, and that these can be applied with success

to the processes of distributioh. In truth, each approach has merit

énd need not be pursued exclusiQely from the other. Although numerous
strategies might be envisioned at tﬁis point, they will not be discussed
or analyzed here, but in Chapter IV after the distributive process as a
whole has been examined and conceptualized in Chapter III.

Instead, the author wishes here to play out further some of the
various explanations which might be arguable in a court of law, if one
were to elect the strategy of litigation, in order to‘raise explicitly the
controversies surrounding the question of equity and to expose the
practical -difficulties inherent in the problem of measuring disparities.
It‘should be acknowledged that the author has borrowed most of the
legal insights which appear below from the works of others in the fields
of civil rights, civil liberties and poverty 1aw.21 '

In reality, it is highly unlikely that a city distributes its
municipal services according to any consciously applied stanéard. Instead
the patterns of quantitative and qualitative distributions develop deep
within the complex structure of municipal bureaucracy, and the
sociocultural and economic forces and unarticulated biases operate, if
at all, only implicitly. In a court of law, however, a municipality will
be asked to explain, in terms of some reasonableband acceptable standard,

why disparities exist.
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One explanation which might be offered is that the differéntial
distribution is the result of historical and traditional'practices, and
its rationaiity is based on the theory that the duration of any
practice for long beriods of time carries with it its own approval. But
in the light of a recent ruling by the Fifth Circuit Court of Appeals

in Hawkins v. Shaw, 22 this explanation appears to be unacceptable.

Even though the Town.of Shaw claims that it now provides municipal
services ecually to all new developments, black and white, the court
ruled that such a policy was not sufficient to justify disparities
when the effect of such a policy is to "freeze in" the results of vast
discrimination.

Another standard which might be used to justify the existence
of disparities between upper income and‘loﬁer income neighborhoods,
is that of "municipal taxes paid.” The raéial minorities and the
poor pay fewer municipal taxes than the rest of the populace, and there
may be some feeling among courts and city officials that those who
pay less should receive less. On the surface, ét least, this argument
séems plausible. The city would claim that its legitimate purpose is
to dispense services in a business—like manner, charging people for
what they get, or giving people what they pay for. Fuvrthermore, the cify
might argue that such a method of distribution would be eminently "fair"
to the taxpayer. It is‘clear, for example, that some services are
chafged for, such as the utilities, 6n a "user fee" basis. But since

other services may not be so amenable to service charging, because they

-21-



cannot be quanfified so easily, because the admihistrative expenses for
billing would be excessive and other reasons, the city might argue that
it can rightfully approximate the "user-~fee" model by assessing general
taxes of all residents and then distributing services accordinglyr
Although this standard has vet tb be challenged in the courts, there
are several arguments which c;h Be offered in-?efutation. The main
argument is ﬁhai the purpose of municipal govérnment is not to provide
services in a market-like manner. If it were, presumably, it would then
have left the provision of police and fire protection, street maintenance,
refuse colleétion and other services to private enterprise. Ingtead, the
city evidently concluded that the market mechanism would be inadequate to
satisfy societal and individual needs and, therefore, undertook to satisfy
tﬁese needs itself, If citizens paid individually for police and fire
protection, for example, only the wealthier neighborhoods would be
protected from crime and fire, and the city as a whole would face increased
danger to life and property. Another argument is that a municipality has
an obligation to provide at least the more important municipal services

to residents without regard to their abilities to pay.23

If a city
distributes municipal services according to the taxes-paid standard, it is
in reality distributing these services according to whatever standard it
uses to assess taxes. But taxes are assessed according fo wealﬁh, income
"or the amount of goods purchased, and these standards, like racé, color;
creed and national origin, are not acceptable as a ba#is for the
distribution of municipal services.

Still another reason which might be offered by a local government

to justify the existence of unequal treatment is that services should
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be distributed according to property values., For some services, suéh as
refuse collection, street paving and repair, the provisi§n Qf
recreational‘space and others, this standard would not apply hecause the
provision of these directlyaffects people and not property. Howevef,
for other services, such as police and fire protecfion, this standard
may be appfopriate because amohé the objectives of these services is the
protection of property. Reasonabl?, it might be arqued that higher
property values demand proportionally more protecfion; But the loss of
property could be measured in other terms than dolia:s; It could be
measured, as well, in terms of the effects upon ﬁhe people wﬁo suffer
the loss, and these might be greater for the poor than for the rich
if the same absolute value of property were lost. This argument, howeve?,
would be rather difficult to apply.

There are other arguments which might be presented by a>city
in defense of its actions, but the discussion now turns to the standards
and arguments which an advocate of more equal treatment might attempt to
apply. |

One such standard is embodied in the notion that municipal
governments should try to meet the needs of all residents eq&ally, if
not fully. Under the "needs" standard, if it could be shown that the
needs of different residents are identical for some service§,'then
equitable treatment would dictate equal service levels, -Thus, in
Shaw, Mississippi, for example, it is doubtful that the city could
argue successfully‘that the needs of the poor blacks for streetlights,

sidewalks, sewers and other local improvements were any different than
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those of whites, . and thus, under this standérd, the city would be
requifed tobprovide equal services. However, in the cases of other
services; the needs of aifferent residenﬁs,oftenlvary considerably
with sociocultural and economic conditions of their neighborhoods. A
study by Benson and Lund (see Appendix A) documen;s'clearly that the
poor have greater needs for sanitation related services, remedial and
health services, and police protection. Similarly, the hore affluent
exhibit greater preferences for otherbservices, such as libraries,
supervised recreation and other "developmental services," as
evidencedvby their greater participation in the use of these serviées.
Accordingly, the government should try to satisfy all needs and
preferences to an equal degree.

Clearly, there are monumental difficulties in applying such a
scheme. One difficulty is that it requiies the determination of
"needs.” In the cases where it is argued that the needs of residents
are identical, there may be little problem; but in the cases where
needs are variable, as for refuse collection, the task of defining
needs and determining the level of service needed is ambiguous at
best. In ;heory, the determination of the level of service ﬁeeded in
an area might be made by examining the varying severity of the
consequences and negative effects which would result from different
levels of service.r Thus, for example, the minimum level of serviée
needed for refuse collection could bé determined by the maximum level
of negative consequences acceptable or tolerable by the municipality

as a whole. The negative consequences, in this case, might be varying
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degrees of accumulation of garbage and its duration, the breeding of rats
and the spreadrof disease, It is further suggested that this maximum
tolerable level of negative consequences should be subjected to a
consistent and municipal-wide standard. Actuwally, service needs of
residents appear to be determiﬁed in the "real world" in much the same
way, with one exception--the standard séems to vary with different
neighborhoods and is often set by a political rather thanka rationai
process., | ‘

Here, the problems of determining service needs for certain
areas of a town are, presumably, much like the problems of determining
the nutritional needs for a family of four. 1In the latter case, after
much study of the consequehces of various degrees of malnutrition, a
"minimum standard" was announced for nutrifional needs. Implied by this
standard was the notion that the nationvcould not tolerate, in these
times of food surplus,ﬁthe consequences and suffering‘bprne by those
who couid not afford to eat properly.

Simi}arly, it is suggested that municipal service needs can be
measﬁred,against a municipal-wide "minimum‘standard" for environmental
quality. Thus, the level of service needed for pest control ﬁight be
determined by the tolerable standard for rat bites per thousand children,
for police protection-;by crime rates, for sewer provision and maintenance
--by storm flooding and water-borne disease, for street surfacing and
repair--by mud and potholes, and so on,

The question remaining is how is this minimum étandard defined?

For the purposes of measuring disparities, this standard can be considered
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as héving been eready defined by the municipal government. The .minimum
standard is simply that standard applied to the "best" neighborhoods

as indicated by the service levels provided to that area, If this
standard appears to be excessively high for the municipality at large,
then perhaps municipal officiéls should re-evaluate the "needs" of

these areas.

The essence of this scheme for determining service needs simply
suggests that all residents are entitled to reasonable municipal effort
to provide equal environmental quality. One weakness of this approach,
besides the practical difficulties of implementing it, is that it
assumes wrongl? that the municiﬁality is entirely responsible for the
environmental conditions in a neighborhood. Certainly, in some cases,
the residents themselves are more responsible for the cleanliﬁess of a
street than is the municipal street sweeper. Another weakness of
this scheme is that it assumes wrongly that a municipality could
equalize the environment if it so desired. Clearly, it is feasibly
impossible, for exampie, to reduce crime rates in ghetto areas to the
levels of those in suburban districts. HNevertheless, in cases
where gross disparities exist, it might be argued successfuliy in a
court of law that a municipaiity is not doing enough to equalize the
environment, presuming, of course, that the.coﬁrt accepts the equal
environment premise,

In view of the somewhat tenuous arguments in the above scheme for
determining a standard by which services should be distributed, anotherr

standard is proposed. Rather than focussing upon the "outputs” of a
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service, as meaéured by the pertinent environmental qu;lity yariables,
it is suggested that a standard which focusses upon "inputs"” might be
equally beneficial to the disadvantageé and more feasible to implement.
Thus, one might wish to argue that "equal inputs per capita,® the
"pro-rata" standard, is an appropriéte means by whiéh to measure equity.
Tﬁis standard is simply an articulation of an apparently legitimate
governmental goal: the city desires, legiiimAtely, to give each citizen
an "equal share" of municipal services; it does so, rationally, by
applying the principle 6f per capita distribution. 1In most instances,
excepting those which concern services providea in response to varying
needs, the disadvantaged would do well to achieve equal inputs. Even
so, however, the use of inputs (most commonly expressed in ﬁerms of-

per capita expenditures) as measures of ;deuts is vulnerable to
several criticisms, and these are briefly enumerated below.

The assumption that inputs are suitable measures for outputs is
based upon the following premise: that the outputs of a service can be
thought of as products 6f a consistent production-delivery system such
that when equal amounts of resources are input into this system, it
behaves uniformly to produce equal outputs. If this premiselis valid
for the service in question, theh inputs are presumed valid indicators.
Unfortunately, this premise is often invalid and the use of per capita
expenditure data should be approached with caution, |

One weakness of per capita expenditure data is that ié leaves the
quality variables uncontrolled. Per capita expenditures for a service

are calculated using the total expenditure spent on one area over a given
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time period and the total population of that area. Howevar, total
expenditure figures disquise differences in the quality of the sefvice.
A local government may spend the same amount of money to provide the
same service to two areas witb the same number of‘péople and achieve an
”outstanding" quality rating b§ some objective standard in one area.'
but a “poor" quality rating by the same standard in the other area.
This weaknéss in the use of inputs was very well iliustrated by Ridley
-and Simon24 in the following quip:

Suppose someone said to you, "I'm a very good shopper.

I spend only five dollars today." Your reply would

be, "That's all very well and good, but what did you

get for the five dollars?"
Thus, the use of per capita expenditure data, by neglecting quality
considerations, could yield incoﬁplete, inaccurate and misleading data
about the true level of service provided to an area.

Another weakness is that often aggregate expenditures are used
rather than expenditures for each particular functional service.
Obv1ously, the use of aggregate expenditures, besides sufferlng from the
malady mentloned above, obscures the relatlonshlp between a snec1f1c
service and the population.

A third weakness is that per capita expenditure data ignores the

effects of variations in population densities between two areas. Studies

indicate>that ;he costbper unit of output of municipal services rises
with increases in populatién and land use densities.25 This then impliés
" that even though per capita expenditures for two areas may be ecual, one
area could be greatly underserviced in comparisoa with the other if it

were denser. Despite these weaknesses, however, the "pro rata" input
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standaxd haé three advantages} it is easjer to implémént than the
"needs"” standar&, in most cases it would improve the condition of the
impoverished if it waé abplied, and it is an acceptable standard in
the courts of iaw.

In summary, this chapter began with the documentation of several
cases of apparent disparities in the distribution of municipal services.
As a sampling, these cases suggested tﬁat the scope of the problem is
widespread, with disparities occurring in large cities and small towns,
and that the magnitudes of some disparities can be devastatingly large.
Iﬁ the debate over the question of what is ecuitable, two philosophical
approaches to the problem of disparities emerged. éne suggested
that an agreement upon the meaning of equity was irrelevant to the real
problem, and that efforts should be focussed on other strategies; the
second embodied the hope that the distributive process could be subjected
to the rule of law.. In theory, current constitutional principles seem
to support both the "needs" standard and the "pro rata" input standard
as appropriate measures of equity; but in practice, except in the most
extreme cases, these appear to be difficult to applv and relatively
ineffective. Thus, perhaps other strategies offer more hope: Before one

. . , )
can talk sensibly about other strategies, however, one must first

understand the nature of the process which distributes municipal services.
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ITI. CONCEPTUALIZATION OF THE DISTRIBUTIVE PROCESS

This chapter discusses the nature of the '"process" which determines
how municipal services. are distributed among the various residents of a
municipality and attempts to conceptualize and model the important
elements of this process and their interactions in a genéral but explicit
way. Tﬁe purposes in doing so are fourfold: '(l) to provide insights and
understanding into the distributive process, (2) to reasonably explain
why disparities exist, (3) to lend support to the general hypothesis that
poor services fall largely upon two distinct segments of the population:
the powerless and the poor, and (4) to contribute to the formulation of
strategies which may help to achieve more equitable distributions.

When attempting to define the "process” which determines how
municipal sétvices are distributed, the assumption that a single précess
even éxists is, indeed, presumptuous, not to mention the assumption that
it is capable of being defined. In truth, each municipal service,
ranging from such necessities as water supply and fire protection to the
amenities of tree planting and open space, is allocated and provided in a
different manner and the various factbrs influencing the disttibutivg
process for each service are likewise different. Moreover, the patterns
of distribution for each service vary with each city and town that one
exanmines, aﬁd each pattern depehds upon numerous and often unique
variables ranging from the levels of municipal policies to those of
personal relationships. This diversity and complexity inherent in the
way in which services are distributed does not lend itself easily to

generalities or to conceptualization.
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Thus it is 1mpoitant to recognize that a general model, although
perhéps'useful in understanding the broader issues and in answering some
of the questions posed in this study, compromises fine resolution and
-some accuracy. While the.;onceptuaiization may seem credible and
insightful when one is subconsciously thinking "municipal services," it
‘may seem somewhat strained in places if one tries to superimpose it upon
one municipal service in particular. Bearing this in mind, the
discussion turns first to an overview and iater to several more detailed

analyses of the distributive process.

A. AN OVERVIEW OF THE DISTRIBUTIVE PROCESS

The conceptualization begins at an elementary level by envisioning
in one large set all the municipal services for which a municipal
government has chosen to be responsible. 'The policy-level decisions of
whether or not to provide a particular service and, if so, at what level
of funding, bear directly upon the question of distribution. They not
only determine which needs shall be met and by how much, but also
dictate the climate in which all other variabies-in the distributive
pfocess will operate. As such, it is insightful to mention some of the
reasons why a lécal government might want to provide a ser§ice in the
first place and some of thé considerations which bear upon the question
. of fuﬁding.

Most commonly, a municipal service is provided by local government
because there is an important need for it or substantial numbers of
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residents want it, but it cannot be obtained by other meané. The public
sector provides a servicekbecause the privatéksector does not. .The _
reasons for this phenomenum are several: a sefvice may be unprofitable;.
it may not‘be amenable to service charging because of the pfoblems with
pricing, administtatingband bill collecting; or it may bé undesirable

to provide services in an environment of profit maximization when the
goal should be to maximize the public welfare; iastly, it may be
societally inefficient. Private competition in the provision of some
municipal services, especially the utilities, would require duplicatioﬁs
of large capital investments and could inhibit the exploitation of
economies of scale. Thus, economic considerations dictate the need for
public or publicly regulated monopolies.

Although there may be several reasons why local government should
provide a service, there are other considerations which weigh in the
decision proceéses and among the most important of these concern
financing. This discussion does not intend to elaborate here upon the
intricacies of public finance but wishes only to make one point relating
fiscal pressure and the costs of municipal services to the distribution
of municipal services. Today these issues are becoming more and more the
determining factors in the deéisions of what services to provide and at
what levels. In the face of skyrocketing costs, increasing demands for
more and better services, rising expectations amid a growing population
and lagging resources, municipal governments are finding not only that
they cannot afford new or expanded services but that they must in fact

reduce the service levels which they are now providing. If one accepts
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as valid the hypothesis ﬁhat inadequate services fall largely upoh the '
powerless in society, then thelimplicationé of such actions are
unfortunate. Reductions in service levels would fall in greater
proportions upon those least able to résist them, and diéparities-would
be perpetuated to an even greater extreme. Although it is ;naccurate to
say that the disadvantaged are necessarily better off in times of less
fiscal pressure, it is fair to say that strategies which aim toﬁards the
relief of fiscal pressure can have much impact upon the distribution of
municipal services if.used in conjunction with others which éim-towards
empowering the powerless. Having introduced this point, the
conceptualization of the distributive process continues.

All municipal services for which a municipality has chosen to be
responsible can be categorized in two ways: those which are amenablelto
service charging and those which are not. Although it is readily
admitted that nearly every municipal service may be capable of éome kind
of direct assessment scheme which then can be imposed upon the
recipients of service benefits, many are not necessarily amenable ;o
service charging. To illustrate this distinction some examples are
provided. | .

Public utilities are perhaps the best examples of municipal services
which are both capable of and amenable to service charging. Benefit
spillovers are minimal, that is, benefits are distinctly conferred upon
subscribers; the "basic output unit" is easily quantifiable and capable
of.pricing; the degree of administrative sophistication which is

required to operate and manage such services is considerable but.
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entirely feasible; and the problems of metering, bill coilecting and
.enforcement are relatively easy to overcodme.- Setvicés éuch as refuse
collection, sewer facilities and those cémménly referred to as "local
improvements" (street lighting, sidewalks ahd curbing, street surfacing
and repair, street cleaning énd others) are examples which are capable
of but‘scmewhat less amenable to service charging. Benefits are not
distinctly conferred upon individuals but to all who may live in the
area and to those who pass through. Although the basic output uﬁit
may be easily identifiable, it is somewhat difficult to price, and bill
collection and enforcement problems are complicated. Nevertheless,
many of these services are provided with service charges affixed,
depending upon municipal policies. Police and fire protection services
may be capable of serviée charging (witness the Pinkertoﬂs, Brinks
guards and others), but are not amenable to such a practice nor would it
be desirable for them to be. The benefits of police protection, for
example, are perceived sociétally rather than individpélly, and the basic
output unit is confused by the multiple objectives of having a‘bolice
fqrce. Lastly, it would be foolish tp endanger all citizens ?y allowing
crime to thrive or fires to roar in the areas and homes of non-subscribers.
Thus, for a number of reasons, services may be categorized as amenable
to service charging or not. | |

of thqse that are, municimal policies on service charging determine
whether or not a charge will in fact be placed upon a service, Rather
than speculating in a few short paragraphs on how certain'policies have

come abéut or why they vary so greatly from city to city, the discussion
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wishes only to again point out the potential significance of fiscal
pressure on the distributive process as it bears here upon the policies
whichrdetermine whether or not a sgrvicé will be provided "free—éf-
charge" or for a fee.

Today most urban areas do not directly assess residents for such
services as refuse collection, sewer provision, street lighfs, sidewalks
and many others. Nevertheless, service charging for these 1is indeed
feasible as evideﬁced by tﬁe experiences of cities and towns across the
country. Admittedly, this praqtice is more prevalent in the rﬁral and
suburban municipalities where low densities allow easy identification of
the principal benefactors of the service and where initial per caéita
outlays of capital are much.higher than in the more densely populated
areas. But there are also cases where service charging for refuse
collection and sewer services is the praétice in dense urban areas.
Aclanta, Oakland, Seattle, Rochester and Houston are examples.z6

In light of these, the following argumenis emerge. Economistg7
(Dick Netzer, Wilbur Thompson, and Samuel Wright, to name a few) and
engineerszgtmye all argued that the property tax is obsolete as a
means of financing suéh services, and that service charging could
provide financially burdened governments with new and significant sourcés
of revenue. Fueling this argument, furthermore, is the fact that the
costs of municipal services in general loom ominouSly in the backgrodnd
of public finance, and these in particular contribute significantly to

the overall costs.
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Nationally, fully one-third of all municipal expenditure is spent on

municipal services. From the 1970 Municipal Yearbook, total expenditures

amounted to more than 27 billion dollars (fiscal year 1967-1968) of which
12,6 billion or 42 percent were spent in the categories shown in Table 1
From the U. S. Bureau of the Census for fiscal year 1964-~1965 per capita
expenditure data reveals that 32 percent of urban budgets were spent in
those categories shown in Table 2. Lastly, a detailed enumeration of
expenditures in Cambridge in 1970 revealed that 35 percent was spent on
municipal services listed in Table 3. In the ten years between 1960

and 1970 local public works departments' budgets have increased

nationally at the rate of 9 percent a year,29

and these departments
proQide most of those services which are amenable to service charging
but which are usually providedrfree~of—charge.

Atthough it is difficult to say how much fiscal relief might be
achieved by charging for services, it is fair to say that the argument is
tempting to municipal officials. But to achieve fiscal relief by
shifting service charging policies in this case would be unfortunate for
the poér. The lower classes may now enjoy some redistributive benefits
of the general tax, however slight they may be, through the érovision of
free sanitation and local improvement services. Strategies aimed at
achieving a more equitable distribution under such circumstances might
increment these benefits even more. But if in the future these services

‘are provided for a fee, the poor would either have to pay out a larger

percentage of their incomes for them or be denied them economically.
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: : Tabhle 1 : 3
National Summary of Municipal Expenditure for 1967-1968

Category Expenditure
(and percentage of total (in millions of
expenditure) ‘ dollars)
Education (12.7) . 3,405
Public Welfare (6.5) ; : 1,739
Health and Hospitals (5.7) ) 1,541
funicipal Services (46.5):
Police Protection (8.4) 2,261
Fire Protection (5.2) 1,400
Highways (7.9) 2,142
Sanitation (7.6) 2,051
Parks and Recreation (3.8) 1,003
Water Supply (7.1) 1,928
Gas Supply (0.8) - 212
Electric Power (5.8) - : 1,571
Interest on General Debt (3.0) ' 817
General Control (2.2) o 592
Other Direct Expenditure . 6,345
TOTAL 27,007
Table 2
Per Capita Expenditures of All Local Governments
in the Thirty-eight Largest Si.sA's, 1964-1965 1
Category Per Capita
(and percentage of total Expenditure
expenditure) (dollars)
Education (37.0) 123.65
Public Welfare (7.5) 25.13
Health and Hospitals (5.4) _ 18.17
Municipal Services (32.0):
Police Protection (5.2) _ 17.27
Fire Protection (2.9) : 9.87
Highways (5.9) ’ 19.85
Sanitation (4.9) _ : 16.54
Parks and Recreation (2.7) 9,04
Water Supply (4.6) 15.34
Other Utilities (5.7) 19.22
Interest on General Debt (3.4) 11.54
‘General Control (2.2) 7.27
Other Direct Expenditure 42.87
TOTAL . - 335.76
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Table 3 . .
City Expenditure for Municipal Services in Cambridge, 1970
(Total city expenditure was $42,254,867)32

Category : Expenditure

Public Works Operations 33 , 3,399,435

Snow clearing, street sweeping, sewer

and catch bhasin cleaning, park maintenance,
pest control, cemetary operation, street
paving and rermairs, signing, equipment
and vehicle maintenance and solid. waste
system operation (80-90% of these costs
are for collection)

Building and Housing Inspection 121,843
Electrical Inspection 271,187
Street Lighting and Traffic Signals 422,873
(Electricity)
Traffic and Parking ; 428,960
Recreation--Golf » 50,925
Recreation--Playgrounds 547,569
Police Protection (including Civil Defense) 2,902,802
Fire Protection 3,416,333
Street Construction ’ 42,150
Gypsy Moth and Dutch Elm - . 7,500
Dog Officer 9,570
Capital Improvements Program v
Urban Beautification--1970 o ' 220,000
Tennis Court Program 6,000
Planting Program 10,000
Traffic Signals (Cost and Installation) 107,000
Police Vehicle Replacement 25,000
Lexington Avenue Fire Station 2,000
Public Works Coordination Study ' 35,000
Central Square Parking Garage 30,000
Capital Improvements Revolving Fund . 45,000
Water Department © 1,816,078
Total Expenditure for Municipal Services 13,917,255
Non Contributory Pensions directly
attributed to the above categories 1,023,409
TOTAL ‘ 14,940,664
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dnce again it is péinted out that fiscal pfessure and the costs of
serviées bgar upon the aistributive précess, as in this case by means
of municipal policies on service charging.

As noted above, municipal services are now.conceptualized as being
divided Iinto two more categories: those which are provided free-of-
charge and those which are not.  This distinction in the way services
are to be rendered is obviously important to the qﬁestion of how services
are distributed. In the éase where sefvices are provided out of general
revenues, the pattern of distribution is largely influenced by the
discretion of municipal officials, administrators and supervisors, but
in‘the latter case the pattern of distribution is more influenced by thé
» willingness and ability of each resident to purchase them. Also, there
are legal and eﬁhical differences whichkshould be recognized. Free
servicgs may'be considered to be entitlements of all residencs regardless
of sqcial or economic status, but purchased services may be considered to
be privileges for only those able to pay for them,

Thus, to complete the overview, municipal services in each of these
two categories enter a distributive process, or with the reader's
permission, sub-processes pecu}iar to the phiiosophy in whicg they are
rendered. From these‘sub-processes, then, the quantitative and
qualitative levels of services are distributed among the various residents
or residential areas. This is to say, more simply, that following this
overview a more detailed analysis of the ways in which both "free'" and
“charged" services are distributed will be presented, and that each type

will .be addressed separately.
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At this point Figure‘l is presented as the first of nine. The
purposes>of these schematic diagrahé are several. First, they are ﬁéed
both to summarize and to clarify the points made in the text. Second,
they provide‘at a glance the various conceptualizations and their
interréiationships'which have been made elsewhere. Buﬁ more importantly,
they are the results of an experiment in understanding. From the
beginning of this research, the "process" which distributed municipal
services seemed to be studded with confusing and circular interactions
and to be influenced thfoughout by forces which seemed to hold a certain

' The level of service

distributive pattern in a state of "equilibrium.’'
actually provided to an area, for example, seemed to be a function of the
level of service tolerated by the residents in the area. But this was in
turn a function of past service levels. But cases of increased resident
pressure were inconclusive--sometimes this worked and other times it

did not. Political pressure was shown to be a positive force in some
cases for obtaining better services, but a depressing force in others if
improved services started an immigration of more affluent residents due
to the increased intra-city attractiveness. Strategies toward equitable
distribution, if applied singularly, seemed to hold out little hope, for
the forces which had created unequal distributions could then manifest .
themselves in other ways which could neutralize any gains. Some
indications showed that if strategies did in fact succeed, it was to the
injury of those who were the focus of concern.

Because it was confusing to recall many general observations

simultaneously and to try to interpreggthem in continually changing light

4
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All municipal services
for which a municipal government has
chosen to be responsible

Municipal services ' Municipal services
not amenable amenable to
to service charging A service charging

Municipal policies
on service I
charging

V

Municipal services which
are provided to residents
free—-of-charge

Municipal services which
are 'sold' to residents either
for a fixed fee or by rate of

consumption
Distributive process for _ [ Distributive process I
services provided out of l for services provided for
I general revenues (2,3) | , a fee (2,6) -J

—— e —— —

) ( (2,9) ) \
———— N N

Individual residents and residential areas

Figure 1l: An Overview of the General Distributive Process
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it was felt that a more eiplicit model of the essence of each would be
useful. Heavily infiﬁénced by the varioué applications of ";ystems
dynamicé"34and‘by the works of Jay Forrestér, these séhematic diagrams -
ére an attempt terxplicate the variables’and their interrelationships
with the hope of bettér estimating the second and third order effects of
particular combihétions of relief strategies. Whether or not this effort
ﬁas been of value is somewhat debatable énd is left for the reader to
decide,
Figure 1, then, simply represents the overview presented so far.

In this figure, all those services for which a municipality has chosen
to be respoﬁsible are, first,categorized as to whether or not they are
amenable to service charging. Those which are n&t are, of course,
rendered to the public free-of <harge. Of those which are, however,
municipal policy determines whether they will be provided free-of~charge
or "sold"” for a fee. From here each éet of services enter their .
respective distributive processes, or sub-processes, from whicﬁ they fall
upon soth residents and residential areas depending upon the nature of
each particular service. The numbers in parentheées in Figure 1 serve
as a means of cross-referencing, and are the figure numbers of other.
diagrams where the referenéed item is again displayed.

The existence of disparity in the distribution’of municipal services,
if one will recall the discussion in the previous chapter, depends more

precisely upon the level of service provided rather than upon the

quantitative amount of service provided. Two areas may receive the same
amount of service, for example, and in one the service may be excellent

but in the other, poor. Recoghizing the importance, then, of both the
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quantitative and qualitative facets of the level of service variable, a
general scheme illustrating this‘is shown in Figure 2. The aliocation of
service quantities and the control of service quality are modelled
separately to reflect the fact that different factors may affgct eaéh.»
For example, municipgl officials may have considerable control over the
allocation of service quantities, but may have litfle power to effect the
actual quality of service. Oppositely, municipal employees directly
effect the quality of service, which often varies with different
neighborhoods,35 but ma} have little ¢tontrol over the actual alloéation
of service quantities,

The valve symbols inside the broke rectanguiar outline, as shown
in the figure, are used to represent control over the flow of quantity
and quality to the different areas and to diétinguish these variables
from others in subsequent fiqures. The flattened ellipse>represents a
recipient individual or residential area, and inside it are two solid
rectangular.elements representing the cuantitative and qualitative’
levels of service vrovided to the recipient. Summarizing, these two
initial figures simply provide the basic §tructure upon which is hung
the essence of the process which determines how municipal services are
distributed. |

Bearing in mind the perspective provided in this overview, the
next section focusses more narrowly upon municipal services provided

free-of-charge.
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B. MUNICIPAL SERVICES RENDERED FREE-OF-CHARGE

At the most general level, the distributive process for those
municipal services which are financgd out of general revenue and thch
‘are rendered to the public free-of-charge is conceptualized as being
priﬁcipally influenced by three broad1y>categorized variables. One is
the use of discretion by municipal officialé, administrators, and
supervisors in the daily performance of their dutiéé and responsibilities;
another includes the various effeqts and iﬁfluences of the public
employee, organized or'otherwise, as he manifests his own attitudes and
self-interests, and as he plays an expanding role in the making ﬁf
“policy and its implementation; and a third includes a host of other
factors lumped together under the térm "exogenous inputs.”

This third category contains such factors as the costs of providing
services, overall budget constraints, municipal guideliﬁes fér the
allocation of services, legal mandates outliningvmunicipal
responsibilities, the kind of organizational structure of the local
go;érnment and others. They are labelled "exogenous' in this study
because they are condidered as the overall constraints within.which the
other variables of the distributive process are free to operate.

" The fact that these are exogenous inputs should in no way‘detract
from their importance, Service costs and budget constraints, for example,
are critically important to the determination of the levels of resources
which are available for allocation, and these weigh heavily in the

decisions of who gets what and how much. Different kinds of
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organizational structures of governments may either allow considerable
freedom in the use of administrative discretion or subject decision
making processes to tightly controlled procedures and municival

guidelines. Furthermore, the fact that these inputs are exogenous in

no way means that they are incapable of changing with time. Costs may

increase, budgets may be reduced, the political cli&ate may change,
affecting the degree of centralized control, legal mandates may order
different allocative procedures and other changes can be envisioned.
But for the purposes of analysis these factors are considered at any
one point in time as the "givens" of a specific situation.

Some of these are enumerated in Figure 3 and are shown schematically
to principally influence the allocation of service quantities. As a
point in notation in this fiqure, the broken lines appearing with
arrowheads are used to represent an influence or an effect upon‘oﬁe
element or variable in the scheme arising from another. Variables in

the figure which are faced by scuare corners do not aprear in other

figures, while those which are faced by curved lines do and are

modelled in greater detail. Again, the numbers in parentheses cross-
reference other figures. Although the exogenous inputs may sigﬁificantly
affect only the quantitative allocation of services, administrative
discretion (the phrase is used here in its broadest sense, meaning the

discretion of personnel at all levels of administration, supervision

" and management) and the effects of public employees significantly

affect both the allocation of service quantities and the control over

service quality.
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Figure 3: Variables Influencing the Distributive Sub-process for
Municipal Services Rendered Free-of-charge
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Administrative Discretion

Evidence indicates that administrative discretion, as it affects
the distributive process, is a major, if not the most sigaificant,
variablg‘in the aeation and perpetuation of disparities. Although it
affects the actual allocation of service quantities most directly, it
significantly influences the distribution of service quality as well,
The evidence supporting ghese claims is drawn from four principal
sources: the author's participation in a ten-week summer study of
municipal service systems in Cambridge, Massachusetts, Gordan's 3¢
research of refuse collection and stréet cleaning services in quton,
the publications of related research efforts in the field of public
services, and legal literature regarding disparities in the distribution
of municipal services.

Of these, the foremost is the author's Cambridge experience. This
study was undertaken in the summer of 1970 and its objective was to
gain insights into the operationlof several specific municipal services
with the hope that'éome facets of recent réséarch and technological
innovations might be applied to these operations. A large portion of
the work during this period was spent interviewing supervisors,
managers, administratbrs, and other municipal officials, and learning
and occasionally participating in daily operations. The concluding

report, Cambridge Municipal Services Study, 1970;37 failed, somewhat,

in outlining technological innovations, but the focus of the study
had long since shifted. What was far more intriguing was the nature

of local government, the interrelationships between agencies and between
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personnel, thé pélitics of patronage and of the provision of service,
the viscéral decislons of municipal officials, and the ways in which
assignments were actually accomplished or slowly undermined. Throughout
the report appears a wealth of information and insights about the
'workings of one specific, and perhaps typical, local goverhment, and
especially about the ill-defined process by which municipal services

are allocated among the competing residents and‘residential areas of
Cambridge. Although the following model of the factors influencing

"

aiministrative discretion purports ''generality, _the author's reliance
upon this experience unavoidably has given it a distincily Cambridge
colo;ing. Nevertheless, information from other sources indicates that
these insights are applicable in varying degrees to other municipalities
as wellf

One insight concerned the nearly limitless reign of administrative
discretion in the Cambridge Department of Public Works (DPW). DPW is
responsible for many of the municipal services provided by the city
including refuse collection, street cleaning, snovw clearing, sewer
and catch basin cleaning, and others. The sound exercise of
zdmi?istrative discreﬁion is, of course, unobjectionable in-ifself,
especially when it has a rational basis and is reasonably objective in
the allocation of services. Ideally, though, the amount of decisionr
making left solely to the discretion of authorities should be curtailed
whenever possible, and replacéd'by more analytic and explicit methods.

The tools of systems analysis, information systems and Planning,

Programming and Budgeting System (PPBS) are eiamples of some of the

~49-~



recent developments‘toward administrative sophisticétion which. would
greatly‘improve the efficacy of municipéi service systems. All the
available literature suggests, however, that municiéal agencies (with
the exception of some in New York City) rarely find themselves in the
vanguard of admini;trative innovaﬁion. Those in Camkridge are t§p1c31
at best.: Furthermorg, the operational organization of the Cambridge
Administration, although appearing in theory to be éentfalized beneath
the city manager, was in reality fairly decentralized under Cigy
Manager John Corcoran,with each department running its own §hov.

Thus, in the void of sophisticated analytic and methodological techniques,
and with loose administrative control, middle level officials were
allowed a maximum of freedom in exercising their Best\judgements.

- When discretion is exercised, hopefully it relies ypon factual
information. In Cambridge, there is an ubiquitous dearth of factual
information. The only records which were maintained in fhe offices of
DPW were personnel records: salaries, wages, overtime, sick leave,
vacation leave and_othet data. Nowhere oould it be determined where a
service had been provided, when or at what frequency or how much had
been provided. There was no routing plan for street sweeping, and the
streets which were cleaned were apparently chosen in an arbitrary way.
Don Zollo and Larry Frazier of the Environmental and Municipal Services
Component of Cambridge Model Cities agreed that "some streets [in the

Model Neighborhood Area] had never been swept."
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Poor management of DPwl%svone reason for the poor service and the
lack of information. Of the three sweepers that DPW had, never during
the ten weeks of study was there more than one operable, and the
odometer, which might have yielded clues as to its use, was broken;
There was no weighing of refuse coilection vegicles, even after City
Manager Corcofan had requested this on our behalf. There was no recent

cost data except’ at the hopelessly aggregated level of the Annual Budget,

This dearth of information can be partiallv attributed tq the faat that
nearly all of the personnel in administrative or supervisorv positions
‘have risen up through the ranks, and as such, most are unaccustomed to
"paperwork" and don't see the need for data. Commissioner Ralph Dunphy,
for example, seemed to spend little time in his office and, by his own
admission, spends most of his day in his radio-equipped car inspecting
daily operations. Nevertheless, one can hardly overlook another
possible reason for this lack of data--the convenient and virtualy
invulnerability to challenges of inefficiency when no one knows what {is.
going on. |

This exposé is provided only to underscore the fact that
administrative discretion, at least in Cambridge, often has no rational
or factual basis whatsoever. Instead, nearly all decisions in DPW are
heavily reliant upon intuitive models of operations, schédulihg and
allocation of service, and these are built largely upon experience,
maxims and folklore which have accumulated over the years in spite of
evidence tha some portion might be incorrect. In this vacuum of

information, administrative discretion is not only allowed exorbitant
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freedom, but is dangerously unchallengeable. In recognition of this
point, the use of administrative discretion is.concéptually modelled to
respond to the different effects of varying degrees of respect for or
reliance upon factual data, record keeping, systematic and periodic
scheduling of services and inspection of serviced areaé, modern
management techniques, intuitive models of operations and allocation of
services, past experiences, folklore and other factors.

Another insight into the way in which administrative discretion
affects the distribution of municipal services; was that administrators
must first Rg;ceiveAthe needs for services before services are ever
allocated. Because there is no systematic and thorough inspection of
such things as sewers and streets nor any periodic scheduling of
preventive maintenance, services are often pfovided only in response to
complainté by residents who take it uron themselves to report the need
for service. Thus, needs for service are often never perceived by
municipal officials unless they are élearly and loudly articulated. 1In
Cambridge, for example, it was observed that the daily job assignments
‘for many of the DPW employees in the "labor pool" were drawn from a
list of complaints from residents compiled the day before.l To obtain
service a resident had to phone in a request for it.

Officials in Boston's Public Works Department (PWD) readily admit
the importance of the complaint. Not only does it allow administrators

‘to perceive needs for services but it is often considered as a valid

indicator of service adequacy. In the 1964 Annual Report of the Boston

Public Works Department is the following statement: Under discussion is
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a particular type qf refuse removal operation “which has proven
satisfactory as evidenced by the absence of complaints from this
distfict." Although most complaints are received by phone, officials
say the most effective complaint is one that is written.

It is a well observed phenomenum that local governiments tend'tq
provide no bet;er'service than the minimum amount tolerable by the
residents of an area. 1In a voluminousrreport of public services in
Perry Hilltop (near Pittsburgh), Pennsylvaniaﬁ“%or example, is the
following note: in the face of insufficient operating and capital
funds, "the local government follows the minimum standards which the
public will accept without political revolt,” and then continues to cite
resident apathy as a major reason for poor service. The Cambr idge »
study and Gordan's of Boston_similarly noted that the level of service
provided was often a reflection of the level of service demanded. 1In
Gordan's interviews with refuse collection contractors, one replied to
a question concerning the difficulties of different district#; "West
Roxbury is the toughest district. They demand the best service. If we
didn't do a good job, West Roxbury is the place you'd hear from first."
Lastly, at the risk of belaboring the point, in another inter?iew she
recorded the comment: "As the class of people go down, service
requirements go down." Clearly, articulated demands and camplaints affect
both admin@strators’ perceptions of fhe service needs of different areas
and the way iﬁ which they allocate seivices and control quality.

Complaints and the threat of action are not the only weapons

available to residents who are battiing for better service. Residents.
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can often exert more direct pressure upon administrators and may,
themselves, have "influence at City Hall." The residents of Beacon

Hill, for example, have organized themselves and are represented by

the Beaéon Hill Neighborhood Association. Abpatently BHNAVexerts
significant influence upon the Boston PWD through "their representative,"
and it is no acéident that Beacon Hill gets street cleaping twice a week
when all others receive this service only once a.weei in Boston,39 aﬁd -
that Beacon Hill gefs refuse collection services three times a week in
ail seasons of the year while other areas in the city, equally

densely populated, receive ;t onlykonce or twice a week depending, in
most cases, upon the season (refer to Table 4 ). Boston authorities
admit themselves that they resmond rapidly to the request of or
complaints from BHNA. Influential residents can easily obtain
preferential treatment for their own neighborhoods. Gordan observed

the feeling among some collection crews that the worst areas to work

in were "where the politicians live."60

In an exclusive stretch of
New York City's Park Avenue a bustling rat colony had suddenly been
discovered and Health Departmént exterminators quickly appearedf]yet in
the slums of the city millions of rats thrive under municipali
indifference. Is not a rat a rat? It appears, then, that pressure
from influential residents or residential éssociation can and does
bear upon‘the decision piocesses whicﬁ determine who gets what, how
much and of what quality. ‘

Political pressure is yet another factor weighing upon

administrators' "best judgements."” The fact that Mayor Vellucci of
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Table 4
Refuse Collection: Collections Per Week

‘ Garbhage
N -Location  Rubbish  9/1  6/1
: to to
5/31 8/31
1A Cﬁarlestown 1 1 2
1B Downtown (North 3 3 3
& West End,
Beacon Hill)
1c | Uptown 2 2 2
9 East Boston 1 ‘ 1l 1
10 Roxbury | 1l ‘ 1 | 1l
2  Jamaica Plain 1 1 2
4 Brighton 1 S 8 2
6 West Rox»ury 1 1 2
8 Hvde Park 1l 1l 2
3 Dorghester North 1 | 1 2
5 South Boston 1 1 1
7 Dorchester South 1 | 1 2

2 .
Source:4 Gordan's interviews and PWD Contract
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Cambridge happens to derive the majority of his political support from
the ethnically Italian area of East Cambfidge and that this neighborhood
is among the "best serviced” in the city is no coincidence. "Best
sexrviced" is used loosely. The consensus among residents with wﬁom this
author has spoken is that this area does receive better service, but

the only evidence discovered supporting.this feeling is the routing of
snow clearance vehicles, and the only reason that these routes are
actually recorded is because they are contracted in thevprivate sector.
Nearly all residential streets in East Cambridge are required by contract
to be plowed, but in other areas such as Cambridgeport, only the

heavily travelled arteries are designated by this priority.43 The
phenomenum of political pressure being exerted by e;ected representatives
on behalf of their constituencies, however, needs littlé documentation
here.

Of the major categories of factors which affect the exercising of
administrative discretion, one remains to be discussed. Evidence
indicates that many of the large scale disparities in the distributioﬁ
of municipal services are simply the results of unarticulated.biases
and arbitrariness on the part of officials. Below, two cases are
drawn from the author's experience in Cambridge,'and one from a now
famous legal suit. |

In Cambridge, "barrel-rolling" is a popular service_amon§ those
who ;eceive it. On the day of refuse collection "barrel-rollers” roll
the garbage and trash barréls from behind one's house to the curb before

pick-up. In 1965 this service was estimated by John Corcoran, now City
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Manager of Cambridge, to cost $206,000 annuglly, nearly one-third of
total collec#ionFCOSts. .Commissiéner Dunphy estimated that 35 percent of
Cambridge residents receive this service. Originally this service was
intended to help the elderly and the physically handicapped who,»iﬁ

the days of wood and coal furnaces when ash barrels were ekceptionally
heavy, could not manage this task alone. Today, however, a great portion
of the residents who receive barrel-rolling services do not fit intb

this category, evidenced by the in¢redibly large percentége‘of the
population which would have to be aged or disablea, if by nothing else.
Wheﬁ the Model Cities staff learned of the service, however, a quick
survey revealed that very few of the residents in the Model Neighborhodd
were receiving it, even though many were eligible under the formal
requirements. A short-lived effort on the part of Model Cities to
;rganize these residents for entitlement was met with a flat refusal by
DPW to provide the service.

A second case again involves the residents of the depressed Model
Neighborhood Area. According to Don Zollo, head of the Municipal and
Environmental Services Component of Model Cities, clogged sewers and
catch basins and the resulting flooding of streets and sidewalks had
been a problem for several years. Storm water would stand for days in
low areas causing inconvenience and irritation to residents as well as
presenting a health hazard. Allégedly, repeated complaints to DPW had
brought no response, and the catch basins hﬁd remained clogged. 1In
exasperation, he said, Model Cities hired its own equipment to do this

job. Evidenced by the layers of autumn leaves in a basin's sediment,
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many had not been cleaned out in five to nine years. At the same time,
however, DPW had equipment and crews operating in other areas of the
city. Both cases indicate that complaints, requests for services and
even organized residents' pressure, can be met with administrative
discretion characterized by blatant arﬁitrariness.

Lastly, the biases which administrators may have toward certain
racial, ethnic or socio~econohic groups can be another force in the
creétion of disparities. It was @his hypothesis; in fact, whiéh Gordan-
was testing in her research of Boston. Among administrators,_she found
that some were understanding of the plight of the poor, but that others
were of the opinion that the lower classes simply‘didn't care about
neighborhood cleanliness. But a recent legal suit on behalf of the
blacks in the Town of Shaw, Mississippi46 illustrates more clearly than
any other example the potentially powerful effects of administrators'
biases,

As in many rural southern towns, the residential areas of Shaw were
segregated. Black; comprise 60 percent of the town's population of
2,506, vet only 5 percent live in homes fronting on paved strgets wﬁile
99 percent of white homes front on paved streets. Nearly 97 percent of
black homes are not served by sanitary sewers, but only 1 percent of
white homes are not so served. Although the town has acquired a
significant number of medium and high intensity mercury vapor street
1ighting, every one has been installed in white neighborhoods. Similar
statistical evidence of grave disparities in both level and kinds of

services offered regarding surface water drainage, water mains, fire
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Figure 4: Factors Influencing Administrative Discretion
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hydrants, and traffic control apparatus, is available andAundiSputed by
municipal officials. The U.S. Court of‘Appeals for the Fifth Circuit
ruled that these statistics were énough evidence to establish a pfima
facie case of racial discrimination.

In summary, administrative discretion appears to be a most
significant variable influencing the distribution of municipal services
rendered free-of-charge. Although it primarily affects the allocation
of service quantities it also exerts control over service qualiﬁy.

There are, of course, many considerations and forces which shape its use.
The above paragraphs have attemptéd to broadly categorize £hem and to
enumerate and document some of them as illustrations. Schematically,
these categorized factors influencing administrative discretion are
displayed in Figure 4, which at this point is hopefuily self-explanatory.
Before elaborating how these factors tend to work against certain
segments of the pOpulation, the discussion now examines briefly another
variable influencing the distributive process--the effects of public

employees.

Effects of Public Employees

Public employees can directly affect the distribution of municipal
services. Specifically, the_unérticulated biases of public employees
toward certain population segments can seriously undermine the quality
of the services being prévided and, as such, significant disparities in

the distribution of services can result simply from qualitative differences.
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The fact that these biases can and often do exist needs little
_ documentation here. Nevertheless, Gordan's interviews with men of the
refuse collection and street cleaning crews brought out some comments
which are worth noting:l‘5

Roxbury (a low income and predominately black area)

is the "worst" section because the trash is "all

on the ground.” 1It's a dirtier and sloppier job

and there are "lots of rats." People in Roxbury

"have kids, but don't have proper control over them.

They let them do anything. The class of people is

important. These people never know nothin'. The

front door could be smashed--probably the ol' man

did it--and they never tell., They don't even want

to help themselves."” “If you clean in the morning

it's dirty again at night." "As the class of people

go down, service requirements go down."

All these comments suggest the service quality in certain areas is
probably at a minimum level. Gordan notes that although employees deny
that some areas get better service than others, they do admit that it
is harder working in the upper-middle class neighborhoods "because
you know you have to do a good job."

Besides being able to directly affect the distrikution of services
qualitatively, with the recent and accelerating trend toward unionization
of public servants, employees are fast gaining the ability to .affect the
quantitative distribution as well. When former mayor of New York City,
Robert Wagner, asked the police to patrol the housing projects, the
police refused and were supported by the commissioner.46 Organized and
represented by the Patrolmen's Benevolent Association (PBA), and
entrenched in the protection of the civil service merit system, the

policemen are virtually invulnerable to harsh disciplining. This

example is indicative of effects of unionization upon other services,
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too, as is discussed in an article by Francis Piven, "Militant Civil
Servants ‘in New York City.“47

Furthermore, public employeeé are beginning to demand the right to
set policies, usually on the ground ﬁhat as the people who are actually
performing the jobs, they should know what's best. The PBA has begun
issuing its own instructions to policemen on how the law should be
enforced, to counterménd Mayor John Lindsay's présumed indulgence of
looters and demonstrators. Similarly, the PBA opposed, nearly
successfully, the formation of the "fourth platoon" permitting heavier
scheduling of policemen during high crime hours, the formation of
civilian review boards.

In summary, municipal employees have always had the ability to
affect the quality of services, and are now, by banding together,
beginning to exercise expandiné control over public agencies. Organizéd,
they can erode quality of service in cértainvareas, undermiﬁe policies
they don't like, and even declare and implement tﬁeir own policies} In
short, emplovees are beginning to assert their attitudes and seif-
interests. Unfortunately, as urban populatioh5~change in socio-economic
complexion such that larger segments of the "general public" ére black
and poor, ethnic and ideological differences betweeﬁ the servants and
the served become sharper, and the various effects arising from these
differences may seriously affect the distribution of municipal services.
It is noted here that as the effects influence services qualitatively,
it makes little difference whether municipal services are renderéd free-

of-charge or with service charges affixed. Again these points are
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modelled schematically in Figure S.

C. MUNICIPAL SERVICES RENDERED_ FOR A FEE

Although most municipal services in weil—populated aréaé are
rendered free-of-charge to the public, there are, nevertheless, many
which are not. Recalling a previous =snumeration, examples of these are
the utilities or those services which are perhaps best described as
"flow systems": water supply, electric power, gas supply and frequently
sewer serviées. In a survey conducted by the American Public Wbrks
Association (7PWA) in 1969,4 of 454 municipalities reporting, 333 (more.
than 73 percent) replied that they levied sewer service chérges. This |
charge is often based on the amount of water metered andcan be greater
than 100 percent of the water charge, but is usually less. The same
survey revealed tha; 44 percent of the reporting cities levied service
charges on refuse collection., Other services which are, in some areas,
rendered for a fee are the “local improvements," such as street cleaning,
sidewalk installation and maintenance, street lighting, tree plantings,
the provision of recreational areas, and even rat and pest control
services.

Although it is difficult to.talk generally about all these kinds
of services at once, it seems that one can conceptualize two phases of
the distribuﬁive process for all of them: the first concerns the decisions -

of where these services are to be made available such that residents may
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purchase them, and then after the‘sérvices ﬁave been made available,i
a second phase, resembling a market mechanism, takes over and determines
which residents will actually receive the ;ervice because they are
willing to "buy" them and who won't because they are unwilling or unable
kto buy them.

In the first phase, there are numerous factors influencing the
decisions of where services are to be "put on the market." In the
older and larger cities, the "necessary" services (utilities, refuse
collection and sewer services) usually already exist.invﬁost areas to
some degree or another. In the smaller and expanding municipalities,
however, decisions must be made as to where these services are to be
authorized and extended. For services which might be better typed by
the word "amenities," regardless of city characteristics these same
decisions of where services will be made available must be made. It
is surmized that they wouid be based upon reasonable considerations,
cost/benefit studies, anticipated demand and revenue, but in the end
would be made at the discretion of local authorities.

It is precisely at this point where disparities may again occuf,
for there is no evidence to indicate that administrative,discfetion in
this case is any different from that of before. Thus, if litigation,
for example, were successful in mandating equal treatment in the Shaw,
Mississippi case as long as services were provided out of general
revenues, town officials could shift policies, affix service charges,

reduce the tax rate accordingly and claim that the poor and Negro areas
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were.risky investmenté; besides this, these low income families may not
be able tb afford the services anyway. |

In the second phase;‘once and if serviées have been "put on the
market" in an area, the aistributive process is conceptualized as ;
operating much like a regulated monopoly market mechanism. Services are
dispensed in accordance with the,percei?ed value of the services--a
function of the needs and preferences of different.;esidents--;nd with
thé abilities of residents to buy the services. Clearly; the ability
to pay is a functidn of a resident's economic stétus.

In Lexington Park, Maryland, water and sewér'service charges are
computed from a "froﬁt foot benefit" fixed charge and a variable rate
charge. If a resident owns 200 feet of front footage, these charges
usually amount to well over a hundred dollars a year, and the author
knows of several cases where poor residents have wanted and inguired ’
about these services but then said they could not afford them.. It is
ironic that the very pipes which may be physically as close as 20 feet,
are in reality so far away. It should be noted here that a strategy:
of subsidization would indeed be applicable in these cases.

As mentioned in the previous section, the effects of empioyees upon
service quality are essentially‘identical here as for the "free" services.
There is one implication; however, which is different. As service
qualitv goes down, the need for service quantity usually goes up ié an
effort to compensate the low level of service. This might mean that

the actual cost of adequate service may rise in areas where employee

biases manifest themselves in poor quality..
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Figure 6: Variables Influencing the Distributive Sub-process
for Municipal Services Provided for a Fee
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In summary, the distributive process for municipal services rendered
for a‘fee is-conceptualized textually above and schematically in

Figure 6,

D. EXCLUSION OF THE POWERLESS AND THE POOR

The preceding discussions have all tried té identify and document
E‘the principal forces which determine how municipal services are -
distributed, and to conceptualize and organize these forces and their
effects in a coherent and explicit model. The discussion in this |

" section hppés to illustrate that all of these forces, if alloﬁed to
operate freely, tend to work against the disadvantaged members.in
society and do so lérgely because ﬁhéy are powerless and poor.

- If the observations of Cambridge, Boston and Shaw are representative
of mﬁnicipalities in general, then it is reasonable to assume that the
inﬁernal workings of local governments are characterized by considerable
freedom in the use of administrative discretién. Furthermore,
unchecked discreéion typically operates in an environment of average to
poor management and often relies upon visceral judgements rather than
upon factual information, systematic scheduling or periodic inspections.

Recall that in such an environment the needs of residents for
certainvlevels of service are often never perceived by municipal
officials upless the residents themselves clearly articulate them. It
was noted, for example, that local governments facing fiscal pressure

tend to provide the minimum level of service tolerable, and that the
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"complaint level” is often used as an indicator of service adequacy.
Unfortunately, this reliance upon resident feedback distorts .the true
needs of different classes of people--the middle and upper classes
articulate readily and effectively, the lower classes don't. The pooriy
educated, for example, have little skill in writing letters; the
unsophisticated may be intimidated when speaking to municipal officials
or, for that matter, to the sometimes terse operator at City Hall; the
alienated may not know whom to call, how tokcomplain'or that complaining

is worthwhile. In sharp contrast, the middle and upper classes can

easily and confidently articulate their irritations and, as such, enjoy

a distinct advaptage over the lower classes.

Moieover, different people react differently'to poor or inadequate
service. In terms of the outward signs which are meaningful to
municipal officials and employees alike, the rich tend to tolerate very
little.poor service and the poor tend to tolerate much more.
Accordingly, some people receive better service than others.

There are a number of explanations for this apparent difference in
tolefation levels. One, as mentioned above, is that the disadvantaged
are less able to express their irritations in terms of the oufward signs
which are meaningful to officials--the written letter, a well articulated
phone call. Another is that the lower classes may be unknowing of their
rights and entitlements to certain ;ervices and to service adequacy. In
Cambridge, for example, many do not know that "barrel-rolling" exists
or that DPW picks up bulk refuge-when called. A third explénation might:

be that the poor are less motivated to try to obtain better service
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through the "proper channels.” ﬁordan noted a consensus in her interviews
with Roxbury residents that complaining was ineffective, "what good

would it do to complain?  They don't care about this place.” Adding
validity to this feeling is the obserVatioh in Cambridge tﬁat complaining
was sometimes effective and other times it was not--and the distinction
‘seemed related to sociocultural factors. Lastly, there are indeed
differences in the demands and expectations of different people.

" The sérvice demands of an individual at any income level are a
function of his cultural experience, his social condiﬁioninq to
environmental quality variabies and to past levels of service, and
the attitudes and habitslpf other individuals within his life space.

It makes little sense to complain aboutran unswept street when garbage
lies in heaps in the alleys and vacant lots. This is not to say that -
the low income person is not concerned about poor environmental quaiity,
but suggests that he may be consigned to it by the state of his condition
and by his powerlessness in general. (Because these points relate
direétly to those modelled conceptually in other sections, they are
similarly modelled in Fiqure 7.)

The positive benefits of poliﬁical fepresentation_need nd
elaboration here. Surprisingly, howevér, there are possible disbenefits.
A politician who underst&nds the needs and preferences of his constituents
will presumably act upon these in a positive manner as long as he
Vperceives that such actions do not endanger his political base. 1In an
interview with Justin Gray, past head of the Community Development

Section of the Cambridge government, it was noted, however, that often
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é councilman does indeed perceive that higher service levels in a
neighborhood may be coﬁnter—productive. If service levels were
markedly improved and if a low income area were suddenly showered with
amenities, higher environmental quality may initiate intra-city
migration into this neighborhood. The more affluent who had previously
been repelled, may now be attracted. Their immigration might
precipitate land speculaﬁion, increase property valuations, eScalate
tax payments and rent levels and d?ive out the low income residents.
Not only is this forced outmigration injurious to the poor, but also to
the political base of a politician whose ideologies may be quite
different from that of the changing neighborhood. Thus, it is an

odd twist of fate that says depressed service levels may be fhe price
for neighborhodd stability.

It is noted, however, that environmental quality is but one of the
many factors contributing to the attractiveness of an area for intra-city
migration. The quality of primary and secondary education, housing
stock and others are also important. It does seem fair to say, however,
that some tradeoffs must be made if one wishes to preserve low-income
neighborhood stability.

These points are again modelled conceptually in Figures 8 and 9.
Also shown in these figures is the phenomenum documented by Benson and
Lund (see Appendix A) that the needs and preferénces of residents are a

function of their sociocultural and economic condition. Furthermore,

the concept developed in Chapter II, that the level of service actually
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provided is a function of both quantitative and>qualitative levels, is
shown in Figﬁre 9. |

In review, all of.the factors mentioned above and in the previous
sections tend té work against the lower classes in society. Poverty
dictaﬁes that they shall be able to afford only very necessary services
which are rendered for a fee. Poverty dictates that the poor may, indeed,
be destined indefinitely to poor service as the price for low property
valuations, low taxes and rent levels. Intra-city migration effect§
dictate that the overall attractiveness of a low-income area may be
required to maintain a fixed relative positién with respect to other
areas, and that the only hope for better services lies in the improvement
of the attractiveness of all areas, or in the sacrifice of public
education, housing quality and other things. Powerlessness allows
administrative discretion, influenced by many factors (Figure 4) and
the biasesvof both employees and administrators to operate negatively ‘in
the distributive process and disparities result. Although the
disadvantaged in society may indeed be described as poér, it is felt
that a distinction should be made between poverty and powerles§ness.
The example of the better-serviced East Cambridge area illustrates that
some may be poor (1960 Census data shows that incomes in this area
ranged from $3,744 to $5,722) but not powerless. |

Thus, as a general conclusion, the distributive process,‘as
conceptualized in this study, excludes both the powerless and the poor

from an equitable distribution of municipal services.
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IV. STRATEGIES AND IMPLICATIONS

As one reflects upon thé model of the éistributive proceéss, two
sentiments emerge regarding relief strategies. One is a feelin§ that
there is much which can be done to help the disadvahtaged“obtain fair
treatment in the distribution of municipal services. But another is a
feeling of caution and confusion ahout which strategies will in fact do
more good than harm in the long run.

Although the réasons why disparities exist are fairly clear at
this point, the long range effects of certain relief strategies are
confusing at best. The model in Chapter III indicated, for example,
that if some strategies were successful in achieving their objectives,
the underlying forces which had caused the disparities in the first
place might simply manifest themselves in different and possibly worse
ways. But even if they did not, and these strategies were successful
in equalizing environmental quality, the model again indicated that
this success might endanger neighborhood stability andkmight force the
poor to relocate outside the area of -improvement.

»Because of the confusing nature of these interactions and implications
the author invested some effort in constructiﬁg a computer model of the
distributive process in the hope of better understanding the long-range
effects of different combinatioh; of strategies. The model, as
conceptualized in Cﬁapter 111, was programmed in DYNAMO IX forAthe IBM
360/75 and a listing appears in Appendix B. For simplicity, it

considered only one service, refuse collection, and two residential areas,
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a 1ow-incbme area and a middle-upper~income area.v

Referring occasionally to the conclusions of this model, the
following discussion'focusses upon several broad categories of strategies,
considers specific strategigs and their limitations and'surmizeé upon
the implications of their successes. At this point, however, the
_ultimate goal of fhese strategies needs redefining. Originally, the
goal was to achieve "equity in both the quantitative and qualitative.
distributions of municipal services." ;After'much reflection and
‘after a considerable‘number of éomputer runs it slowly became evident
that this goal is an unreal one, that it is prgctically impossible to
achieve environmental equality among socioculturally and economically
different residential areas. However, it is possiblé to improve
environmental quality in the disadvantaged areas: but this does not
necessarily imply that disparities shall diminish as a result.

Towards this new goal several general categories of strategies
are envisioned which aim at empowering the powerless, preventing service
charging, improving service quality and raising service levels in all
areas of a municipality.

The distributive process can be and is responsive to powér.
Although power can take many forms, the most apparent is political power’
--the incorporation of the alienated in society into the political
processes. Its effectiveness is well documented by histéry and in current
-events. The Irish and Italian immigrants, for example,‘achieved‘
significant gains through these meansvin the past, and more recently,

the Negro poor in the south and in several major cities are beginning to
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assimilate eome of the benefits-of political incorporation; In this
study, the poor, ethnically Italian but well-serviced East Cambridge
area is yet another example of the benefits of political representaﬁion.
But this.form of power is slow to achieve, and there are other
forms which are more readily available to the residente themselves.
Loosely categorized under the term'“citizen invblvement," seve?al low
profile strategies appear to-be‘effective in obtaining some degree of
better service. In Cambridge, for example, an individual resident,
Nancy Bellows, successfully worked to have regular and thorough street
cleaning on her street, evenAthough DPW is notoriously lax in providing
this service. The amount of effort required, hcwever, was considerable,
and it is admitted that she is well-educated and articulate.
Nevertheless, the‘example points the way for advocates and social workers
and others who might want to aid the disadvantaged. Another strategy
could focus on the “complaint power" factor observed in the reseaich,
and might organize letter writing campaigns or might obtain signatures
on petitions of complaint. Copies of these, in turn, could be sent to
supervisors, administrators and high level officials. More formally,
residents might do well to organize themselves into neighborheod
associations. The case of the’Beacon Hill Neighborhood Association
clearly indicates the potential effectiveness of such an organization
once it has been established. As indicated previously, however, these
forms of citizen involvement are delicate, and for many reasons often

do not appeal to the unsophisticated and disadvantaged.
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Furthermore, if the reasons for poor service are more deeply rooted,
such efforts.on the part of residents will most likely fail to achieve
~ any meaningful improvement. As such, grievances can accumulate, and the
underlying tensions of the powerless may be released, as the Civil
Disorders Report has recorded, in an extra~legal manner. After the
disorders of Roxbury in the summer of 1967, Gordan notes50 "a remarkable
change had taken place" in the levels of service provided to this
area. Garbage piles had beeﬁ removed from vacant lots and the district's
general condition was greatiy inmproved.

But it is unfortunate, indeed, that the poor must resort to
‘violence to obtain minimally adequate service. Furthermore, the long
range effects of a riot upon service levels are debatable.  When
modelled in the computer simulation, a riot produced peak pressﬁre on
administrators, and they responded by drawing off resources previopsly
allocated to other areas. But pressure in these areas began to rise as
a result, and at the same time pressure in the riot area began to.subside.
After several months the service levels in both areas had returned to
their original states.

In some special cases where the distribution of municipal
services is so lopsided that discrimination is apparent, the disadvantégéd
may invoke the power of the law.

The central question in legal cases involving disparities in the
distribution of municipal services provided free-of-charge is whether or
not the courts sh&uld intervene in the exercising of administrative

discretion. There are two arguments favoring the preservation of the
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discretion of municipal officials in cpntrolling the distribution of
services. The first is that the exercise of discretion is a necessary
aspect of the allocation of scarce resources. Since availabie funds

are generally insufficient to satisfy more than a fraction of all
municipal needs, someone must decide whiéh needs will be dealt with
immediatelyrand which ones will be poétponed indefinitely. Such
decisions should be made by elected or properly appointed officials who
are accountable to the people affected. Judges are ill-suited for
involQement in the intricacies of such fiscal policy-making. The second
argument focusses-on the premise that the successful administration of
any service, whether it be providing polica protection, managing refuse
collection operations, or overseeing the repair and maintenance of the
sewer systeﬁ, requires the freedom to innovate and react to ﬁﬁanticipated
situations. The intervention of the courts into official deciéion*
making may inhibit creative administration and introduce rigidity into
the treatment of social problems, by prohibiting more flexible and
discretionary approaches.

Admittedly, some discretion is needed. But unchecked di;cretion is
often abused, and the misery, despair, and alienation of many of the
powerless and the poor in society dictate that control in one form or
another is also nece#sary. The equal protection clause in the Fourteenth
Amendment provides one entry for this céntrol;

It has been argued successfully51 that if one neighborhood receives
inadequate municipal services while another neighborhood receives

excellent municipal services, and if there is no rational basis for the
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difference, then the residents of the first neighborhood are being
denied equal protection under the laws. The equal protection clause
does not require a municipality to provide any service at all, but

if a municipality does undertake to provide a service, then it must'do
so on a‘nondiScriminatory.basis. The -question remains, though, of

defining "equal treatment." In the case of Hawkins v. Shaw, it was clear

that there was unequal treatment. The sgrvices in question were local
improvements which are easily quantifiable, and one area received
nearly all these services while the other received none. 1In cases
whe?e the issues involve quality rather than quantity_and concern
services wﬁich are rendered according to heeds, however, the question of
equal treatment will be a difficult one to answer.

The court ruled in this case that the town failed to provide any
compelling reason which could justify the vast disparities in the
distribution of»municipal services. Pending appeal to the U. S. Supreme
Court, the town is ordered to provide street paving, street lighting,
curbing, sewerage, water mains, fire hydrants, traffic lights and
sidewalks in the black area of Shéﬁ where.almost none of tﬁese services
now exist. Presumably, the costs of such an undertaking will Ee
relatively enormous for a smail town.

Since the services in question are indeed amenable to service
charging, one might speculate that the town could simply shift its
service policies and circumvent the court order. By affixing service
charges to such local improvements, the town might successfully deny. the

poor these services economically, or might argue that it is too risky
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to finance such services in their area. It is noted that when litigation
was simulated in the computer model, it had negligible affects upon
éervice»levels in cases where disparities were large but not as clearly
quantifiable as those above. In refuse collection, for example,_a lérge
portion of disparity is due to gualitative differences.and not to
quantitative differences. Furthermore, in the ambiguous cases the courts
have ruled in favor of the preservation of administrative discretion.52
For some services, the enactment of service charging would be ideal
if the costs of the services were subsidized on the part of the poor.
Today there is national and state subsidization of the poor for the costs
of food, clothing, shelter and othef needs; is it not reasonable to
include among these a few of the basic municipal services as well? 1If
one wishes to equalize society as well as environmental quality, then
service charging would be,iéeal if coupled with income transfers to the
poor, for this scheme would help to achieve more redistributive effects.
However, since this subsidization does not seem likely in the neér
future, some strategies should focus on the prevention of policy shifts
toward service charging. As it was pointed out in Chapter III, the

consequences of such a shift would be injurious to the poor; they would

have to pay out a larger percentage of their incomes for the most
necessary oé services which they had received free before, and would be
denied‘econdmically others which they could not afford but could live
without. The purpose of imposing service charges, however, is not tol
exclude anyone, but simply to finance the costs of the services ‘and to

relieve overall fiscal pressure,
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Thus, one general category of strategies could aim at relieving
fiscal pressure. This proposal invites numerous suggestions, but one
that stands out in particular is national leéislation to alleviate the

”

lfinancial crises of urban areas--a concept currently embodied in "revenue
sharing." éther strategiésf however, focus upon reducing service costé
and increasing efficiepcy. .
Evidence indicates that municipal agencies, a§ a rule, are poorly
managed. .Certainly this is so in Cambridge. There are innumerable
ways in which research and innovation can be applied to muniqipal éervice
systems. As one example, refuse collection vehicles in Cambridge.use
no routing plans; they frequently miss stieets altogether, and rouggs
in several districts are not contiguous. The result of this is-
increased overtime to cover the misséd sﬁregts; the hiring of additional
private contractors and the assighment of "routing” cars to lead the |
collection vehicles through the maze of non-contiquous routes--all
contributing to monetary waétefulness. 'Furthermore, if routes were
instituted for street cleaning, street inspection and other services,
perhaps services might be distriﬁuted more equitably.b Thus, solutions
to the routing problem combined with numerous other innovations could all
contribute to the reduction of service costs, improvement of service-
efficiency and distribution,’and to the increase of service levels in
all neighborhoods. As an example of the applicability of modern
mathematical and heuristic techniques to public sector problems, the

author's own work on the refuse collection vehicle routing problem

above is included in Appendix C.
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‘Although preventing service charging may be one special consequence
of fiscal relief and service efficiency, the more common benefits are
simply that more resources are aQailable for allocation, In the computer
simulation of the distributive process, two specific strategies when
implemented together did more for the disadvantaged than all others.
These were: an increase in resources, reflecting both increased service
efficiency and an increase in service budgets, and theiimposition of
better management in municipal agencies. NMore resources allowed more
services to be distributed to all areas and better management induced
higher quality levels in the low income areas, although it did not
affect significantly the quantitative proportions between tha two areas.
Although one must not rely too heavily on this simulation, thg
implications of its conclusions seem reasonable.

It is difficult if not impossible to achieve some measure of
environmental equality among residential areas with vastly different
sociocultural and economic characteristics. But.it is possible to
achieve some measure of service adequacy for the disadvantaged.
Admittedly, however, to do this seéms to require giving other areas
much more than simply adequate service, and disparities in fhe

distribution of municipal services seem destined to exist indefinitely.
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APPENDIX A: | PU.BLIC SERVICES‘ AND,S‘OCIO—ECO'NOMIC PARTICIPATION RATES
N ] .
Regarding the question of what is an eguitable distribution of
municipal services, it may be appropriate to say that for some services
equal (pro rata) amounts would he equitable; bﬁﬁ for others this
measure is clearly inappropriate. SOme‘resjdeﬁtial areas have far greater
needs for health and sanitation serQices, for remédial and police
services, than do others. It has been claimed throughout this thesis
that the heeds and preferences of different residential areas, for
certain kinds of sefvices may vary, and‘that they reflect the different
sociocultural and economic conditions of their respective areas. As
evidenceAin support of this, the following study is briefly reviewed.
Benson and Lund,53 of the Instituﬁe of Governmental Studies at the
University of California, Berkeley, cénducfed a one-year study of the
ﬁeighb§rhood distribution of local public services. One objective of
the study was to examine the hypothesis that upper and middle income
households, which are more mobile than lower income hbuseholds, will
remain in a community only as long as they perceive that a large portion
of their t;k payments are allocated to the support of services which
they use rather than to the support of remedial and income transfer
programs. Thus, a major assumption at the outset of the study was that
different groups of residents used and éonsumed different types of
services in varying rates and that these rates could be systematically
related to observable socio-economic characteristics such as income,

education and occupation of the heads of households.
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They chose three distinct neighborhoods in Berkéley wﬁich were,
generally Speaking, internally similarx with respect to income, education
and occupational level of the head of the household as. shown in Table 5.
Area A was characterized by "loQ“ values in socio-economic indicators,
Area C by "high" values, and Area B by values somewhere near the middle.
The public services which they examined were of six categories: health,
police, inspection, libraries, recrgation and education. Although these
services.are much broader in nature than municipal services, police,
environmental sanitation, inspection and recreational services were'all
included in the study.

The results of their research suggest that the demand for certain
kinds of services varies significantly among different kinds of
neighborhoods. Using the notation shown in Table 6 , one can observe in
Table 7 a distinct correlation between participation and socio-ecconomic
characteristics.

Subsequently, Benson and Lund categorized services into two sets in
the conclusions of their report, "Neighborhood‘Distribution of Local
Public Services." Services were categorized according to use
characteristics such that in one were "poverty-related services™ and
in the other were "developmental services." Poverty-related services
cohsist of remedial services, services which relate to. the incidence of
physical handicaps or disease in poor households, and services which
reflect the socially disruptive activities that concentrations of

poverty appear to breed. Developmental services include educational
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Table

5

- U.S. Census of Population (1960) Data
for Three Berkeley Neighborhoods

- A

. . Ratio of
Population Med%an vMedlan Prof/Skilled
Area Family School * Worker to
1960 Income Years . .
1959 1960 Semi/Unskilled ‘
; 1960
Census Tract 2A 2,997 $5,188 10.7 2:3
: 2B 4,997 4,750 10.4 1:2
2C 3,968 5,128 12,1 8:9
2D 3,130 6,307 11.0 1:1
Total 15,072
B .
Census Tract 4C 6,027 6,520 12.7 4:1
4D 3,535 6,420 12,0 2:1
4E 5,264 6,486 12.4 3:2
Total 14,826
c ,
Census Tract 6B 3,850 10,926 l6+ 16:1
6C 2,159 11,902 16+ 15:1
6D 4,143 12,283 le+ 13:1
6E 4,532 8,590 13.1 7:1
Total 14,684
Table &

Cztegories of Participation

(Each neighborhood = 1-% of Berkeley population)’

% of the Neighbor- Involvement . Symbol'
hood's Share of Services Rating Used in Table
Less than 5% Very low VL
5 - 9.9 Low ] L
10 - 19.9 Typical T
20 - 24.9 High H
25 and over Very high VH
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Table 7

Partial Summary:
Relative Degree of Participatien of Neighborhoods
in Local Public Services

Service

Neighborhood

Health

Nursing:

Chronic Disease .

Acute Communicable Disease
Environmental Sanitation
Tuberculosis:

Clinic

Nursing Visits
Venereal Disease:

Nursing Visits

Other

Police

Detective
Juvenile
Ambulance
Special Detail
Beat Patrol

Inspection
Zoning Complaints
Other Specific Calls
Block-by-Block Survey

pibraries

Main Circulation
Branch Circulation

~ Recreation

Recreation Centers
Workreation
Vacation Camps

Education

Senior High School:
Reqular
Special Programs

g ss® =s=g= S5 ss5 ss3§

SS9 E

B
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services, libraries and recreational activities. ‘Clearly, different
residents have‘différent needs and preferences for certain kinds of
services, and these needs and preferences are coirelated'to socio-"
economic characteristics. It must be added, however, that these
conclusions are not to imply that different classes in sociefy have
different needs and preferences for all services. Preferences for
environmental amenities, for example, may be identlcal among different
classes even though the upper classes may recéive more in fhe‘processes

of distribution.
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APPENDIX B: DYNAMO MODEL OF THE DISTRIBUTIVE PROCESS

Following this page is a listing of a computer model of the
distributive process for municipal services rendered free-of-charge as
it was conceptualized in Chapter III. The model was programmed in

DYNAMO II 54

for the IBM 360/75 computer. The purpose was primarily to
lend understanding to the interactions of the differént variables
and forces acting within the process and to provide insights into the
effects and implications of specific relief strategies. For simplicity,
the model simulates only one service, refuse collection, and considers
only two, but polarized, areas in a municipality.

A thorough description of the model is felt to be unnecessary here
and would be rather tedious. Generally speaking, its construction
reflects the explicit schematic diagrams in Chapter III, but if one wishes

to study it more carefully or use it as an example for other simulations,

a documented listing is provided.
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® MUNICIPAL SERVICES ALLOCATION MODEL

NOTE

NOTE ===THE FOLLOWING MODEL IS FoR REFUSE CoOLLECTION SERVICES
NOTE :

A A AP ADdD

NOTE

NOTE . COMMUNITY GENERATOR:

NOTE SOCIU-ECONOMIC CHARACTERISTICS OF TWO AREAS WITHIN A

NOTE MUNICIPAL JURISDICTION ARE GENERATED EXOGENOQUSLY,

NOTE  THE TWO AREAS START AS IDENTICALs AREAY THEN DECAYS AS

NOTE AREAZ IMPROVES.

NOYE ' _

‘ Sy X=TABLE(S}TsTIME«K90950010) SOC/EC INDICATOR

SiY=5/4/3/2/171
S2.K=TABLE (S2TsTIME K90950+10)} SOC/EC INDICATOR
S2Y=5/6/7/8/9/9 .
POPL«K=TABLE(PITosTIME«K90950950) POPULATION
P1T=40000/40000
POP2ZK=TABLE(P2T+TIME«K90950950) POPULATION
P27=40000/40000 :
POl K=TABLE(PDT+S1.K920910+10) POP DENSITY (PEOPLE/SQ MI)
PLR2sK=TABLE(PDT9S2¢K90910910) POP DENSITY (PEOPLE/SQ MI)
PDT=25000/5000 POP DENS TABLE

NOTE .

NOTE o

NOTE Il. MONETARY CONSYRAINTS UPON THE ALLOCATION OF SERVICE:

NOTE BI®WEEXLY BUDGETY 1S COMPUTED OVER ONE QUARTER YEAR

NOTE YOoTAL SERVICE UNITS COMPUTED FROM BUDGET

A BB.K=SMOOTH(DBB.K¢BDEL) BIWEFEKLY BUDGET

A DBBeK=(]1e0=CF4K) (CPSUC) (SUN].K*SUN2.K) DESIRED BUDGEY

A CFeK=Ci¥CLIP(O9 sSWT 39 TIME.K) COST FACTOR

¢ SWT3I=20 :

L TSU, K=TSU, JeDT# (TSUPP . JK=SUAPP1, JK=SUAPP2Z, UK}

R TSURPKL=BB.K/CPSUC TSU PER PERIOD

A TSNRK=TSUK/(SUNL oK+ SUN2eK) TOT SERV TO NEEDS RATIO

NOTE ‘ :
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NOTE IIl. ALLOCATIONAL SUBMODEL FOR AREA}S
NOTE A. ALLOCATION OF SERVICE UNITS (SU)=w=

2 PPD> =Pt PIPPRIC

SUAL «KzSUAL o J*DT# (SUAPP L ¢ JK=SUCPP} o JK) SU ALLOC PER PERIUD
SUCPP1 KL=SUAL K . - SU COMSUMED PP
SUARPPT KL=SUAEC1 ,K+SUAAPY K SU ALL.OC PER PERIOD '
SUAECLAK={SUL].K) (SMOOTH(EC.K9ECDEL)) SU ALLOC BY £X0G CONSTRAINTS
ECWKSECVRCLIP(09] 220+ TIMELK) EXOGENOUS CONSTRAINTS ON ALLOC
SUD1eK=TSUK*¥PN) K : -~ SU DESIRED WITHIN FEASIBILITY
PN1eK=SUN] 4K/ (SUN1.KeSUN2.K)} DESIRED FRACTIONAL SPLIT
SUN1.,K={RG]l.K/CAPSU) *{POF1, K) - SERVICE UNITS NEEDED
RG1 ,K=POP) ,K*RGPC] ,K/26 REFUSE GENERATED PER PERIOQD
RGDCI.K=TABLE(RbPCY,Sl Ke0s10¢5) REF GEN PER CAPITA (CU YD/YR)
RGPCT=090/140/1.80 " RGPC TABLE (CuBIC YDS PER YR}
PDF1eKaTABLE(PDFT4PD1eK95000+25000,5000) POP DENSITY FACTOR
POFT=140/1.07571.1571e47166 POP DENS FACTOR TASLE
SUADRL . K=SUAL .K/7SUDI oK SU ALLOC TO DESIRED RATIO
SANRL K=SUA1 ,K/SUNI] K SU ALLOC TO NEEDED RATIO
SUAAPL «K=SUUK#NRAP] «K SU ALLOC BY ADMIN PRQCESS
SUUK=TSUK=SUAEC] e K=SUAEC2.K ' SU UNALLOC
NRAP 1 K=FAP 1K/ (FAPYKeFAP2,K) NORMALIZED RAVIO OF FaAP+sS
FAPloK=AD] JK¥P L1 oK FACTORS IN THE ADMIN PROCESS
MOTE ‘ ' '
NOYE

' NOTE ' Be ALLOCATION OF QUALITY OF SERVICE VIA ADMIN CONTROL-==

L AQSUL.K=AQSUl+J¢DT#(QS1eJK=QC1.JK)  AVG QUAL LEVEL OF Sy IN AREA
R QS3.KL=TABHL (AQSUT yGF 1 eKe09291) QUAL SUPPLIED (0¢-100%) :
T AQSUT=.80/.95/1,00 '

A QF 1o K=EB1 ¢X¢ATE oK GUAL FACTOR

A EBI.K= TABLE«EBT.SI.K.O.loeS) EMPLOYEE BIASES -
¥ EBY=0s5/1eG/162 EMPLOYEE B8IAS TABLE ' ,
A EC: eK=TABHL(ACT9AD1K909201) ADMIN CONTROL

H ACT=07071 - . ADMIN CONTROL TABLE

R QC1KL=AQSUL <X . o | QUAL CONSUMED (= QUAL SuUP}
A LOSPl.K=SUAL JK*AQSUL (K ' LEVEL OF SERVICE PROVIDED
A LOSNL oK=SUN1.K*1,00 LEVEL OF SERVICE NEEDED

A LOSR1.K3 OSP1.K/LOSNI K " LEVEL OF SERVICE RATIO

NOTE S

.
e
AN



o
put’
m

Q
b

m

ZP Z P ZPADZ AP > —tD

o
-t
m

- -y6-

zz«pn»ﬁ»pwsbgpdq»
-
min ™

SO
- 4

Ce. FACTORS INFLUENCING THE ALLOCATIONAL PROCESS==-~
==]e ADMINISYTRATIVE DISCRETION

ADl.K=(EQS] ,K+RDPM] K) /2 . ADMINISTRATIVE DISCRETION
~==(A} ENVIRONMENTAL QUALITY STANDARD ,
EQSieK=TABH{ (EQSTyAbleKe=1slsl} ENY QUAL STD (NOY EXPLICIT)
£EQSY=0/1/2 EQS TABLE

ABi«K=BIoK%TABHL (MABT3S1eKs0010+¢5) ADMINISTRATOR BIAS
BIK=BAL+BE2*CLIP (0919209 TIMELK) BIAS AMPLIFIER
MABT==e3/0/.2 MODERATE ADMIN BIAS TABLE

 w==(B8} RESIDENT DEMANDS/PRESSURE MULTIPLIER

ROPHL «K=TABHL (ROPMToRROP1eKos0¢29425) RES DEM/PRESSURE MULT
ROPMT=000/e5/c7/e85/1e0/1¢15/1630/2600/300

RROP1«K=(RDP +K*2.0)/(RDP1.K+RDP2+K) RELATIVE RODP'S

RDP1.K=RES DEMANDS/PRESSURE

RDPIeK=(SHT]. K’(X’S“Tl K) (PNMI oK) (RDF1.K)) ¢SMOOTH(RPFY JXKoPFDEL:
RPFI=Q RES PRESSURE FACTOR (RIOT)
SWT1oK=CLIP(0s1sROFLeKele01)

RDFY1K=RESIDENTS DEMANDS FACTOR :

ROF§ e =TABHL(RIMT4S1eK9091045) *TABHL (RGMT 9OV eK9Ovloe2?
RIMT=67/3e0/2¢0 RES INTOLERANCE (OF PNNR SERVIVCEY! MULY TABLF
RGMT=1e0/143/1e5/1¢8/2e87440 RES GREIVANCES MULT TABLE
GViK=ELOSN] oK~LOSP1 K} /LOSN] K GREIVANCES

RPF1.K=RES PRESSURE FACTOR
RPF1eX=CLIP(0s1oNOISE () oPF1l K)2TABHL (RGMTsGV1eKe0o0ls o2} (RIF)
PF1K=TABHL (PFT9yLOSR]IeKyOglpel) ' PRESSURE FACTOR

P¥ 5-05/0‘051'04/035f¢30/0 0/".25/".40/"048/“'.5/".5

PiMi o K= { {RUMCK) + (1 =RUMC.K) (RAAD1.K)) PERCEIVED NEEDS MULT
RUMC JK=TABLE (RUMCT s GTPoKe091092.5)  RELIANCE UPON MANAGEMENT CONTROL
RUMCT=0/615/¢30/.75/1:0

GTPeK=5+(GTYPE) #CLIP(0s 1920+ TIMELK} TYPE oF GOV*Y (EFFICIENCY)
GTYPE=n

RAAD L X=TABLE(RAADY 3S1eXa010,5} RES ABILITY TO ARTICULATE DfS!PES
RAADT=.6710/1e2 - RAAD TABLE

~=2. POLITICAL INFLUENCE UPON THE ALLOC PROCESS

P1i.X IS NOT MODELLED
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PIl.K=1e0

"IVe ALLOCATIONAL SUBMODEL FOR AREAZ2:

e e e i A i NN .

Ae. ALLOCATION OF SERVICE UNITS (SU) ===

SUAZ2K=SUAZ.J+DT* (SUAPPZ2 o JK=SUCPP2+ JK)

SUCPP2,KL=SUA2.K
SUAPP2.KL=SUAEC2,K*+SUAAP2.K

SU ALLOC PER PERIOD
SU CONSUMED PP
SU ALLOC PER PERIOQD

SUAEC2.K=(gUD2eK) (SMOOTH(EC,K+ECDEL)) SU ALLOC BY EXO6 CONSTRAINTS

- SUDZ#K=TSUK®PNZoK
PN2.K=SUN2.K/ (SUN] «K+SUN2.K)

SUN2.K={RG2+K/CAPSU) # (PDF2.K)

RG2.K=POP2,K*RGPC2,K/26

RGPC2«K=TABLE(RGPCT 9S2eK30+10+5)
PDF2.K=TABLE(PDFTsPD2.K+50009+25000+5000)

SUADR2K=SJA2.K/SyD2.K
SANR2.K=S5UA2.K/SUN2+K
~ SUAAPZ2.K=SUUK*NRAP2.K

NRAPR2 .K=FAP2 K/ (FAP) ,K+FAP2,.K) ~

" FAPZ2.K=ADZ2.K#PI2eK

SU DESIRED WITHIM FEASIBILITY
DESIRED FRACYIONAL SPLIT
SERVICE UNITS NEEDED

REFUSE GENERATED PER PERIOD.
REF GEN PER CAPITA (CU YD/YR)
POP DENSITY FACTOR

SuU ALLOC TO DESIRED RATIO

- SU ALLOC TO NEEDED RATIO

SU ALLOC BY ADMIN PROCESS
NORMALIZED RATIO OF FAP®¢S

FACTORS IN THE ADMIN PROCESS

Be. ALLOCATION OF QUALITY OF SERVICE V1A ADMIN CONTROL==-

AQSUZ <K=AQSU2,J*DT*(QS2 ¢ JK=QC24IK)
QS2.KL=TABHL (AQSUT9QF 2,K90s291)

QF 2oK=EB2.KeAC2eK , ,
EB2.K=TABLE(EBT9S52cK90910»5)
AC2.K=TABHL (ACT+ADZaK909291)
"QC2.KL=AQSUZ2.¥X ,
LOSPZ2.K=SUAZ2 K*AQSU2.K
LOSNC<K=SUN2.,K#*#1,00 '
LOSRZ2.K=L0OSP2.K/LOSN2K

AVG QUAL LEVEL OF SU IN AREA
QUAL SUPPLIED (0-100%}

QUAL FACTOR : :
EMPLOYEE BIASES

ADMIN CONTROL

"QUAL CONSUMED (= QUAL SUP)

LEVEL OF SERVICE PROVIDED
LEVEL OF SERVICE NEEOED
LEVEL OF SERVICE RATIO
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NOTE
NOTE
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C. FACTORS INFLUENCING THE ALLOCATIONAL PRDCESS=w-
~=1, ADMINISTRAVIVE DISCREVION

AD2 K= (EQS2, K+ RIIPMI K) /2 ADMINISTRATIVE DISCRETION
wwe{A) ENVIRONMENTAL QUALITY STANDARD
EQS2eK=TABHL (EQSTsAB2eKomlolo1) ENV QUAL STD (NGT EXPLICIT)

AB2K=BI K 2TAGHL (MABT yS2eK 500102, ADMINISTYRATOR BIAS

~e=(2) RESIDENT DEMANDS/PRESSURE MULTIPLIER

ROPM2 . KaT 4800 {RDPMT ¢ARDPZ,Ke002+ »25) RES DEM/PRESSURE MULT
RROP2KS{ROP2.,K%2.0) ZLROPL K+RDP2.X) RELATIVE RDPeS

RDPZouuPEb DEMANDS/PRESSURE

RDP2LR={SUT2+ K+ {1 =SHT2s K)(PNNE.K)(RDF2.R)}QSMOOYH(RPFZoKQPFDEL)
nPF2=9 ‘ RES PRESSURE FACTOR (RIOY)
SHT2eK=CLIP{0eioRDF2.Kelo01) ' ’ :
Rn?a¢h-ﬂk3?DfN¥S DEMANDS FACTOR

ROF2.5=TASH! éRFMTcﬁwoﬁvcoiOob)*T&BHL(RGMTsGVc;KoOv: s2)
GVE.K=§LQSN2 K=i.0SP2K) /LOSN2aix GREIVANLES

RPF2.K=RES PRESSURE FACTOR

RPEF2eK=CLIP (s 19NOXSE() oPF2.K) #TABHL (RGMT 4GV ZoKeGs1e2) (RIF)

PF2eR=TABHL (PFToeLOSR2.Ks0s1l90el} PRESSURE FACTOR
PNMZ2 K= { (RUMCoK) + {1 =RUMC.K) (RAAD2.K)) PERCEIVED NEEDS MULT
RAADZ (K=TABLE (RAADT952.K90910+5) RES ABILITY TO ARTICULATE DESIRES

-~2e POLITICAL INFLUENCE UPON THE ALLOC PROCESS
PI2.¥ IS NOT MODELLED

/PI ohzgwﬁ

INETIAL VALUZ CARDS '

DEB=iLGR2 v (DOILL ARSY

TSuUs325 , ' TOTAL SERVICE Uﬂ'?a
IR LY TS : : :

SURDSLETS

EC=0

AQ'SUi:'.a‘}S

AQSU2= 25

CONSTANTY DEFINITION CARDS

BDEL=}G BUDGEY DELAY (PERIOES)

Ci=g ' : ‘ © % INCREASE/DECREASE
cPSuC=i8 CPSU CONSTANT
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PRINT
PRINT
PRINT
PRINY
PRINT
PRINY
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PLOY
X
PLO
A

ECv=0

© CAPSU=6

ECDEL=10
BAl=1.0
BA2=0.0
RIF=1.0
PFDEL=3

CONTROL CARDS

Dy=}

LENGTH=50

PLTPER. KwCLIP(PLTMXNoPLTNAXoPLTCToTIN
PLIMIN=1

PLTMAX=1

PLYCT=500

PRYPER. KBCLIP(PRTMIN,PRTMAX,PRTCToTIM
PRTMIN=S

PRTMAX=10

PRTCT=3C
1‘(090)SUA!QSUAAPleUAECi9$UDIbSUN1
2Y(0e0)SUA2ZoSUAAP2SUAEC2+SUD29oSUNZ
3)(0s0)RGI,LOSPL,LOSN1,7SU,B8

4) {0sQYRG2-LOSP20oLOSN2:%4D8B
S){B8+3)S1sPN1sRGPC1ePDF1sSUADRI#NRAP1
6) 10e3)52sPN29RGPC22PDF29ySUADRZeNRAPZ
TY(0s3VFAPLvQS1vQF LoEBL9ACY o1 OSR1
BY{Ds3)IFAP2,QS2.QF 290EB29AC2,LOER?

G) {0sI)ALILEQSL1eROPM1+ABLeRRDP1¢RDP
10V (Ge3) AD2sEQS2+sRDPM29 AB29RROP29RDP2
13) (0e3)RDF1sPNMIsRAADI»GV1oPF19SANRI
12) (053} RDF2+PNM29RAAD2GV29PF29SANRZ
13) (0 3) TSNRs AQSUL s AQSUR2

EC.VALUE (% OF SU ALLOC)
CAPACITY PER SU (CU YDS)

EC TIME DELAY (PERIODS)

RIOT INTENSITY FACTOR (SENStY)
PRESSURE FACTOR TIME DELAY

E.K)

EeXK)

S1=3{0¢20) /SUAL=SsSUNL= N(2009600) Z/AQSUL=Q(sTs1e1)/RPF1=C{0s10)/L0S
Ri=L¢EQSISELRDPMISUPNMI=PyADI=A(e591458)

S£=2(G920) /SUAR2=59SUN2=N(200+600) 7AQSU2=Q({+7s 1. l)/RPFZSC(GolO)!LOS

fiZ=LsEQS2=EsRDOPM2=DsPNMZ2=P s AD2=A(e5s 1l

RUN DISPLIAYS TRANSITIONAL INTERACTIONS

TP
TP

SiV¥=2,5/2,5/2,5/2,572,5/2.5
S2T2T7e5/7e5/ 7657765/ Te5/7e5

32



RUN POLARIZED COMMUNITIES? EQUILIBRIUM

cp BA2=1,0
cp GTYPE-“Z
CP Cixe10

- RUN SOUTHERN TOuWN

RUN SOUTHERN TOWN EQUILIBRIUH
cP B8A2=0
cP Cl3'.!0

o cp GTYPE=4 -

cP ECV=e7S
RUN GOOD GOVERNMENT
RUN GOOD GOVERNMENT EQUILIBRIUM



APPENDIX C: PUBLIC SECTOR VEHICLE ROUTING-~OPTIMIZATION AND HEURISTIC
TECHNIQUES '

At several places in the text, the point has beeﬁ méde‘tﬁa£ fiscal
pressure and the rising costs of municipal services are not the only
importan£ factors influencing the distribution of municipal services
among all resideﬁts, but are also potentially injurious to the powerless
and the poor. Rising costs may precipitate service éuts and these fall
hardest upon thoée least able to resist them or may force municipal
policies to shift toward greatei use of service charging. Asvexplaiﬁed
in several pléces, service charging can force the poor to pay even
larger percentages of their incomes for basic needs, or may deny them -
economically services which ﬁhey may now receive,

As fiscal pressﬁre increases with rising costs, growing demands and
lagging resources, many municipalities are somewhat belatedly beginning
to invest in research and technological innovation as a means of
increasing efficiency. Increased efficiency may result in higher quality
of service, 5ut more importantly may avoid, or at least forestall
reductions in service levels. PresentedAbelow is one application of
research and technological innovationlto thé problem of public sector

vehicle routing.

ANALYSIS OF THE REFUSE COLLECTION PROBLEM

Although the problem of refuse disposal has been the focus of much

attentiaon in the light of recent environmental concern, a study by
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55 ‘ '
Ludwig and Black reveals that 85 percent of the solid waste system
costs in this country is due to colleetion, while only 15 percent is due
to disposal. Thus, in the short run at least, some of the financial
pressure upon the solid waste system may be relieved by improving collec~
‘tion efficiency.

There are many facets of the collection system operations which
lend themselves to analysis: manpower allocation, incentive systems,
capital budgeting for equipment and others. Marks and.LiebmanSb have
noted, for example, that a significant inefficiency in current collection
operations is the long trip to the dumping site which the garbage truck
and its crew must make two or three times a day. They have suggested a
scheme for setting up local transfer facilities where the collection
vehicle transfers its load to a different vehicle which is more suited
for making the longer runs, while allowing the garbage truck to make
more use of its time collecting refuse rather than carrying it. The
particular facet chosen for analysis here, however, is that of routing

57

the vehicles along city streets. Stricker analyzes part of the

routing problem as follows:
"As vehicles have become larger and more efficient, each
one can service a greater area with no increase in the
size of the crew. Due to the complexity of the [rerouting]
problem, though, as collection fleets become mondernized,
instead of completely restructuring routes . . . city
administrators merely append bits and pieces of a phased
out route to remaining routes. This often results in
obvious inefficiencies such as routes which are no longer
contiguous."

Furthermore, Stricker cites in his study of Cambridge, Massachusetts,

increased overtime, the hiring of additional private contractors and
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the assignment of '"routing" vehicles to lead the collection vehicles

through the maze of non-contiguous routes as examples of monetary

wastefulness directly resulting from inefficient routing.

There is, of céurse, a difference between the'"best" route and
the most efficient route. Objecfives such as the equalization of~wofk
loads, promoting compatibility between truck capacity and estimated
pickup loads, and the districting of routes in an optimal way with
respect to long haul dump trips are perhaés more important considera-
tions. Given the district boundaries, however, the routing problem
tﬁen becomes one of how to travel every street while minimizing.total

distances travelled.

INTRODUCTION TO THE CHINESE POSTMAN PROBLEM

The problem of finding the shortest route through a:street network
such that every street is travelled at least once has interested man
for centuries. This problem is basic not only to the operations of
refuse colléction, but alsoe to othér public sector operations such as

street cleaning. The related problem, known in network theory as the

58
Chinese Postman Problem , is to trace the shortest continuous path

through a network such that every arc is covered at least once. Before
continuing, the following simple definitions are presented to avoid

confusion in terminology:

arc a line joining two and only two nodes
node a point of junction of two or more arcs
network a set of nodes plus a set of arcs

connecting them. Same as graph.
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directed arc
undirected arc

directed network
undirected network

bidirected network

isthmus

connected network
degree of a node

even node

an arc which may be traversed only in
in a specific direction _

an arc which may be traversed in either
direction :

a network composed only of directed arcs

a network composed only of undirected
arcs

a network composed of directed and
undirected arcs )

an arc whose removal from a network
would divide that network into two sep-
arate parts

a network having no isthmus

the number of undirected arcs incident
to a node plus the number of directed
arcs leaving the node minus the number
of directed arcs entering that node

a node having an even degree

odd node a node having an uneven degree.
path a set of arcs in an undirected network
such that every arc terminates where
~ the subsequent arc begins
Euler tour a path through a network such that every
arc is covered exactly once
cycle a path ending at its point of origin

The earliest mention of the minimum arc covering problem is by
Euler59 in ]736 at-which time he proved theorems showing the existence
of an "Euler tour" in either a directed or undirected network. Either
type of network possesses an Euler tour if and only if it is connected,
and the number of nodes with uneven degrees is zero or two. Since an

Euler tour covers every arc once and only once, it is obviously the

shortest possible arc covering tour. Examples of networks possessing

Euler tours are shown here:



Notice that Euler tours of networks with two odd nodes are nét cyclic,.
that is they do not bggin and end in the same place; Also, it sﬁould
be mentioned, every netwofk having odd nodes will always have an even
nﬁmber of odd nodes. This is_becadsé every arc has two end points, and
the total degree of any network is two times the number of arcs, which
~ is an even number.

To continue, if a network has more than two odd nodes, it posses~-
ses no Euler tour. Thus if every arc in this type of network is to be
covered at least once, certain arcs must bé-covered more than once.

This is demonstrated by the following sequence:

\\~—~'- ~— v
- ~
This network has four odd nodes and as such N > ‘\
, ) DN o ‘
possesses no Euler tour. At least one arc l ‘\~\ v 4 i
‘ : (] . 7, DN ' ;
must be covered twice in order to cover all ' N
{ X SN/ '
\ ’

arcs at least once. One possible tour is

shown.

If we add the stipulation that a tour must
be cyclic, we see that for every network

having 2n odd nodes, at least n arcs must

be covered twice. In this case 2n=4 and )

thus two arcs must be duplicated.

60
From another point of view what we are
really doing is adding "pseudo arcs" to the

network where arcs are covered twice, and

-103~




by artificélly changing odd nodes
into even nodes in this way, the

modified network then possesses a

cyclic Euler tour.

Clearly there are several different ways to accomplish this, each

yielding a different cyclic Euler tour, each with a different total arc

length. Thus the Chinese Postman Problem takes the form of a game:

"How does one optimally pair the odd nodes such that the sum of the

pseudo arc lengths is a minimum?"

MATHEMATICAL STRUCTURE

Although the Chinese Postman Problem is highly structured, algorithms

for finding the optimal solution are somewhat limited. The mathematical

formulation is straightforward.

N N
Minimize 2 L C,. X,.. ¢h)
i1 jo1 M3 : "
subject to: : 7 (2)
N N
z , - L X, =20
kol Xkl k1 ik
5 . .
Xij + in - 1 for all arcs (i,j) A (3)
xij _> 0 and is integer (4)
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objective
function

conservation
of flow, i.e.,
the number of
times travelled
into a node
equals the num-
ber out

arc coverage
constraint

non-negativity
constraint



where

the number of nodes in the network

N =
A = the set of all arcs in the network
xij = the number of times the arc from node i to node j is
traversed
cij = the length of the arc from node i to node j

Butvthe algorithms that are capable of achieving optimality requite large
computational efforts. If one were to totally enumerate the possible
combination of pairs, for example, for a network with M nodes éf which N
nodes were pdd nodes, the following steps and effort would be required:

(a) generate all the shortest paths from each odd node
to every other odd node using the network matrix
of size M2, Of all the shortest path algorithms
researched6l , the best for this purpose required -
(M) (M-1)/2, or about MZ/Z computations.

(b) with this shortegt path information an odd node
matrix of size N“ . is formed with the shortest path
distances as entries. Then all possible sets of
pair combinations are evaluated as to their ‘total
distance. For N odd nodes this effort would involve

1.3.5;7.9. e e o o o (N-B)'(N—l) _

computations. A network having only 20 odd nodes,
for example, has 6.5x10% feasible soluations.

Thus for all practical purposes, total enumeration
is highly unsatisfactory as a means of finding the
optimal solution.

QOPTIMIZATION TECHNIQUES

Better techniques have been developed, however, and they are briefly
summarized below. For a more thorough review of these one should refer
to Stricker62 . Recall that there are three cases to be considered:

the bidirected network (one-way and two-way streets), the directed net- -
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work (only one-way streets), and the undirected netﬁork (only twoéﬁay
streets). '

For the bidirected street network no algorithm-presently exists
which can solve the arc covering problem. Altﬁough Johnson.63 has
presented an existence theorem for an Euler tour, his work doeé not
lend itself easily to applications. As yet ghis particulaf_caée femains
an open field for investigation. -

The directed street network, however, is a case which has been
1itera11y solved. All odd nodes in such a netw§rk can be categorized
into two exclusive groups: excessive or deficient node type. An
excessive node is one where there are more arcs leaving a node than
entering it, an@ a deficient node is one where there are less arcs

leaving than entering.

"excessive node" f , "deficient node"
It has been shown that in order to achieve optimélity in the arc
covering problem every deficient node must be matched with dne and only
one excessive node, and vice versa. Thus the Chinese Postman Problem
for directed street networks becomes one of optimally matching members
of one set in a.bipartite graph with members in the other set: a
simple "transportation problem” for which there are very good techniques
_aﬁailablei

The undirected case has been solved in one sense of the word,
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yet there still remains theknagging question of efficiency. Murty's
"Symmetric Assignment Algorithm" requires the determination of_;ll
shortest paths betweenlodd nodes (step (a) above), and then performs a
branchband bound téchnique to the odd node matrix. The efficiency for
this second step, however, is data dependent and could be quite poor.
bEdmonds'65 "B-Matching" routine is probably the best algorithm today
for achieving optimality. It too requires step (a) above, and them
employs the dual formulation of the arc covering problem, with much
bookkéeping, to reach optimality. Edmonds claims that the efficiency
- for this second step is no worse than N3/3 iterations.

In summary, solving the Chinese Postman Problem using mathematical
optimization techniques would require approximately (M) (M-1)/2 computa-
tions plus N3/3 iterations of B-Matching. For many practical problems
this amount of computation éould easily be afforded, however, for large
problems the cubic efficiency function provokes one to ask whether there
might be more efficient methods. This question leads, then, to the
applicafion of heuristics, the subject and implemenﬁation of which is

the focus of the remainder of this discussion.

HEURISTICS

-

A particular characteristic of the Chinese Postman Problem enables
heuristic methods to achieve very good, if not optimal, results with a
greatly reduced amount of effort. This characteristic is that very

T:rarely is an odd node (in the optimal solution) paired with another
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that is relativel& far removed from it.‘>In other wofds, én odd nﬁde ié
usually paired with:a neighboring odd.hode.‘ Thus it is pbssible té
make a very good decision as to which neighboring node should Se paired
by looking, not at the‘entire network, but at a localized area, say for
examﬁle, within five oddnode depths of - the ﬁode in question., When the
~.node has been paired, the pseudo arcs can be added, the two nodés thén
becone even nodes, and the process is iterated. The only problem that
may arise by focussing on a local area is that while sweeping across
the network in this fashion a node may be forgotten at ohe extfeme‘of
the ﬁétwork, and then at the end it migﬁt héve to be inefficiently paired
with the reméining odd node at the other extreme. Thus, toAprevent
this the heuristics should include a gloﬁal check before making each
“iteration.

It should be mentioned that the human eye is fairly well suited to
play the node pairing game. The mind can "look ahead" at the conse;'
quences of a particular pairing possibility, and evaluate the several
choices. The computer, however, is even more suited for the bookkeeping
effort involved in examining the many series of consequences an& counter

decisions. Let us try the following sample problem by eye.

First we must convert the street

network, with an arbitrary boun-

dary, into a graph network with

the odd, even and dummy nodes

repreéented.
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. The odd nodes (2, 3, 4, 6, 8, 9)
are represented as shaded squares.

As we try to pair the odd nodes

so that the sum of the arc lengths '

between the pairs is a minimum, we v

can rule out several poséibilities immediately: (3-4) and (8-9),
for example. After some thbught, we can pair (4-9), but have
difficulty deciding whether to pair (2-3) and (6-8) or (2-6) and
(8-3). But if we knew the exact lengths of ﬁhe arcs, wé could
easily decide. The solution, if it were the latter, would be

represented [(4-9), (2-5-6), (8-3)].

HEURISTIC PROGRAM

In order to illustrate the explicit heuristics used in the computer
program ( a listing of which is attached) the procedure used to find the
solution to the problem above will be explained step by step. . First the
data for the street network is read as input in coordinate format. Node
types are determined, street lengths are computed or.
read if non-linear, and this information is fhen

output (see pagell4), Then the center of mass of

all the active odd nodes is computed and the fur- . , NTWRE

thest node from this center is found. This proce-

dure for deciding which node will be paired before

others has a "gathering in" effect and prevents CNTR
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any node from being forgotten on the fringé of the
network. In the sample problem the center,of»masé
~ of the éctive odd nodes (meaning all six in the
first iteration) is near node 5, and thus node 3
is chosen to be exahined first because it is fur-

thest from the mass center,

400

The general decision process takes the following
form. " If we pair node 3 with 2, there is a cost
equal to the path length between them (750 feet), but
by pairing 3 Qith 2, there is a resultant gain of
some length because 2 will not be paired with 4, 6, or
9. The minimum possible gain is chosen (200+300=500)
conservatively and also because the majority of nodes
are paired with their nearest neighbor. Bﬁt since
node 6 can no longer be paired withkz, it is forced to
pair elsewhere. Thus the minimum resultant path to
its nearest neighbor (i.e., 8) is als§ considered as
a cost due to the original decision. The total cost
associated with the decision to pair node 3 with node

2 is considered to be 750-500+300=550, Similarly,
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decision (3-8) has a cost of 430—300+4505580, )
and decision (3-10-9) has a cost of 700+1000
-400+450=1750, Therefore, we éan say that if
node 3 had the power to deéide, it would prefer
ﬁode 2 to 8 by 30 feet, and node 8 to 9 by 1170
feet.

But a node pairing decision is made onl&
afger conéideriug the preferential scores qf all
other nodes which may be candidates, ’Thus, after
going through the same procedure above for nodes

2, 6, and 8, the following table can be compiled:

node 3 prefers 2 to 8 by 30 and 8 to 9 by 1170
node 2 prefers 3 to 6 by 10 and 6 to 4 by .191
node 8 prefers 3 to 6 by 70 and 6 to 6 by 200
node 9 prefers 4 to 6 by 550 and 6 to 3 by 770

After a raﬁher complicated sorting of preferences
with their appropriate decisions (see Subroutine

SCOR1 in listing for details), a linear score is

computed (no weighting is doﬁe) and the decision

to pair node 3 with 8 is made,

We pair node 3 with 8 by removing the arcs
along the path between them (one‘arc in this case),
which signifies that the path has been covered
twice and that it should not be covered again.

The active odd nodes 3 aﬁd 8 are set to an inactive

state, meaning that they are now considered to be
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nodes with only two arcs incident to them (i.e., a
dummy'hode). As the network has now been modified
we check for other active odd nodes, and if there
are some remaining we iterate beginning at ,

In summary, .the sequen\ce is shown diagrammatically

on the next page, (Figure 10).

YES
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Figure 10: Heuristic Sequence
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YT

NETWORK INFGRMATION
NCOE NOO XCOORD' YCOORND . NODE DIST.

0.0 25040

1 0.0 2

2 250.0 0.0 1 250.0
3 1000.0 0.0 2 75040
4 0.0 . 300.0 1 300.0
5 250.0... 300.0 2 300.0
6 45040 300.N 5 20040
7 55040 200.N 6 .150.0
8 650.0 250.0 6 800.0
9 0.0 . 700.0 4 400.0
10 10000 70040 9  1000.0

KEY NOTATION 0ODD=1 EVEN=0  DUMMYa-1
NUMBER OF ARCS= 16
NUMBER OF ODD NODES= 6 - : :
TGTAL LINEAR FEET OF STRECT= 6151.

* COMBINATORIAL STATISTICS .

NUMBER OF MINIMUM PATH CO"PUTATXONS FOR ENTIRE NETHORK =0.450000E 02
0.150C00E 02

NUMBER  OF POSSIABLE ODN: NONE PAIRS =
NUMBER OF POSSIBLE PAIR COMBINATIONS =

SOLUT 10N ' "'NODE PATRS  PATH LENGTHS
3 8 430.
9 4 400.
2 6 50C.

TOTAL OUPLICATE STREET LENATH = 1336. .

WA NSO WD

NOCE

DIST.  NODE

300.0
750.0
430,1
250.0,
250.0
15040
150.0
150.0
4T1.6
700.0

-

-
COWO®OOVUOVOWO

DISTe

o.o
360.0
70040
400.0
471.6
800.0

0.0
43G.1

1000.0

0.0

0.150000E 02

PATHS

N O W
w e

NCOE

[eNeoNoNoN« N NolloNoNe]

ciste.

OCOCOVOODOOO
ORI
[eReoNoReNoRoNoN< N4 Ne]

N N N e Xl o

KEY.



CONCLUSIONS

In conclusion, the heuristic program for solving the Chinese Postman
Probleh for undirected networks is a good one., Its performance on several
relatively small sized networks, designed with many snares, indicates_a
high degree of reliability and accuracy, with respect to the known optimal
solutions. Furthermore, the program has the advantage over optimal pack-
ages of having a linear efficiency function with respect to the number of
odd nodes. In all trials the program has performed equally or bettern in
"the odd node pairing" game against numerous graduate students using the
hand computations described in Stricker's thesis 86

It must be added, however, that there is no guarantee of optimality.
In fact, as the number of decision pairs increases with the size of the
network, the prpbability of error becomes very likely, and thus the
chances of achieving optimality are rather podr for large networks.

This fact detracts little, however, from the utility of the program.
Preliminary investigation shows that street networks display the charac-
teristic of having a fairly uniform distribution of feasible Euler tours
Vwith respect to their total tour lengths. The nature of the heﬁristics,
by use of the"g;thering" effect and of the mutual preference scores of
node evéluations of costs versus gains to four node depths, forces solu-
tions toward the low end of this distribution. Furthermore, as the
network size increases, the percentage error of the nth "optimal” feasible

solution diminishes. For example, the 20 odd network found in the

appendix exhibits the following characteristics. There are more than
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6.5 x 109 feasible solutions. ' Of these, five Euler tour lengths are

listed below to illustrate the error sensitivity.

i

Tour length (feet) : Error (feet) ' Error/best
25,619 (computer solution) _

25,802 , 183 0.0071
26,002 : 383 o 0.0149
26,250 631 ~ 0.0246

26,682 : ’ 1063 0.0415

With more testing against optimal solutions found by linear programming
packages (e.g., Edmonds' B-Matching), comparative data could determine
a probability density function of the error ratio for different sized

networks (N odd nodes), such as the hypothetical one illustrated below.

‘ - Possible PDF for Networks
of different sizes
N=100
PDF
(%2 error)
N=20
i 1 M 77 error
5 10

In summary, the pragmatic reliability of the program when applied to real
problems such as street sweeper routes and other, is felt tokbe of value,
when small errors represent negligible marginal costs.

With respect to efficiency, the number of computations required for
éach node pairing was not computed. My only measure of efficiency is the
length of computation time. On a 16K 1BM 1130 with a cpu time of 3.4 usec,

the average iteration for a node pairing was about four seconds with a
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faﬁge between two and six seconds. Thé real value, however, in efficiency
is the program's linear efficiency functioﬁ, i.e;, two seconds/odd node,
Furthermore, core requirements are»minimal (SK) as compared to optimal
packagés which may require at least an N3 matrix to be core resident.

In summary, I believe it could be useful after more reliébilityv

analysis has been done.
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Figure 11: 20 0dd Node Network Example
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Challenge

It may be interesting to try an example by eye.
Most decisions can be made without knowing the distances
exactly, as the arcs are drawn to scale. Furthermore,
distances tend to distract one's intuition, rather than help.
But if the distances are preferred, they are provided on the
next page.

Figure 12
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NETWCRK INFORMAT ION v ' | 7 '

-

NCDE NO. XCOORD .- YCODRD  NODE DISTe NODE DIST. NODE DIST.!  NODE OIST. . KEY

' 525.0° 0 0.0

1 0.0 0.0 2 ' 500.0 6 0 _0.0 -1
2 500.0 0.0 1 500.0 k] 400.0 12 860.0 0 0.0 1
3 900.0 0.0 2 400.0 4 500.0 7  350.0 0 0.0 1
t 1400.0 °° 0.n 3 500.0 -~ S - 500.0 8 350.0 0 0.0 1
5 1900..0 0.0 . & 500.0 11 650.0 0 0.0 0 0.0 -1
- 6 0.0 525.0 1 . 525.0 12 601.8 15 775.0 0 0.0 1
7 900.0 350.N 3 350.0 8 500.0 9 . 300.0 0 0.0 1
\ 8 1400.0 350N 7 500.0 YL 350.0 10 300.0 . 0 0.0. "1
9 900.0 650.0 7. .300.0 10 5C0.0 18 490.0 0 0.0 1

10 1400.0 650.0 9 500.0 8 300.0 11 500.0 13 450.0 0
1l 1900.0 650." 10. 500.0 5 650.0 14 %50.0 - 0 0.0 1
12 500.0 860.0 6 601.8 2 860.0 - 18 48842 16 =~ 440.0 c
13 1400.0 1100.0 10 450.0 14 500.0 19 380.0 0 - 0.0 1
14 1900.0 1100.1 13 500.0 11 450.0 24 750.0 "0 0.0 1
15 0.0 1300.0 6 T75.0 16 500.0 20 220.0 0 0.0 ° 1
16 500.0 1300." 15 500.0 - .12 440.0 17 40040 (¢} 0.0 i
17 900.0 1300.0 16 400.,0 18’ 160.0 21 230.0 -0 0.0 - 1
18 -, 90040 1140.0 12 4088.2 9 490.0 - 19 60446 AT 160.0 c
19 :1400.0 14800 18 604 .6 13~ 380.0 - 24 622.0 | 23 - 320.0 0]
20 0.0 1530.0 ' 15 230.0 21 . 900.0 25 720.0 . O 0.0 1
- 21 900.0 1530.0 20 900.0 17 ' 230.0 22 270.0 0 0.0 1
22 . 900.0 1800.0 21 . 270.0° 23 500.0 . 26 450.0 0 0.0 1
23 °  1400.0 1800, ?2 - 500.0 19 320.0 27 450.0 0 c.0 M
24 1900.0 1850.n 19 622.0 - | 14 750.0 28 + 400.0 0 0.C 1

oo 25 0.0 2250.0 20 720.0 26 900.0 0 0.0 0 0.0 =1
. 26 . 900.0 - 2250.N 2% 900.0 22 450.0 27 -500.0 - 0 0.0 1
: 27 1400.0 2250.0 26 -500.0, 23 450.0 . 28 500.0 o 0.0 1
. 28 1900.0 2250.0 27 500.0 : 24 400.0 o . 0.0 0 - 0.0 + =1

KEY NOTATION 0DD=1  EVEN=0 ' DUMMYi==1 ' ' .
NUMBER OF ARCS= 42 .

NUMBER QOF 00D NODES= 20 .

TCTAL LINEAR FEET OF STREETw 20716.

COMBINATORIAL STATISTICS : :

' NUMBER OF MINIMUM PATH COYPUTATIONS FOR ENTIRE NETWORK =0.378000E 03
NUMBER OF POSSIBLE ODN NOME PAIRS. = 0-.190000E 03
NUMBER OF POSSIBLE PATR CNMBINATIONS = 0.654728E 09




S e 1
20
z2s
: :) v/ T \)
SCLUTION NODE PATRS  PATH LENGTHS PATHS
27 23 45¢. 27 23
24 13 1002. 24 19
26 22 45C. 26 22
20 15 230. 20 15
6 16 1041. 6 12
21 17 23¢. 21 17
14 11 45C. 14 11
2 3 400. 2 3
4 8 350, 4 8
7 % 30¢. 7 9
TOTAL ODUPLICATE STREET LENATH = 49013.
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2

’

NETWORK LNFORMATION (at the end)

NODE NO..

o
QOWNC VNI WN»

[
w N e

XCOORD

0.0
500.0
90040

1400.0
1900.0

0.0

900.0
1400.0
900.0

1400.0

1900.0
500.0
140040
190040
0.0
‘500.0

900.0 .

900.0
1400.0
0.C
900.0
+.900.0
1400.0
190040
0.0
900.0
140040
1900.0

YCOORM

NODE

O NNWes SWN e~ N

re | re
(=R e

13

pIST.

500.0
50C.0

* 400.0
500.0

500.0
525.0
350.0
500.0
300.0
500.0
500.0
601.8
450.0
500.0
775,0
500.0
40060
48842
604.6
23C.0
900.0
270.0

SO0.0v"

622.0
720.0
900.0
500.0
500.0

NOOE

-3
5
-12

-y

10

1
-11

T 12
-13
2

19
14

LY -22
. =23

24

" DIST.

525.C

400.0
5C0.0 .

5C0.C'
650.0C
601.8
50C.C
250.0
500.C
300.C
650.0C
86040
500.C
IOSO. C
500.0
440.C
160.0
490,90
280.0
900.C
230.0
500.C
320.0
750.C
900.C
450.0
450.C

4C0.C -

NOOE

0
12

-8

15
-9
10
18

-14
1

-19
24
«20

=21
.19
-24
25
22
=26
=27
28

27+

0

DIST.

0.0

- 860.0
350.0
350.0
0.0
775.0
300.0
300.0
’090-0
500.0
45040
488,2
380.0
750.0
230.0
400.0
230.0
60446

622.0

720.0
270.0
450.0
450.0
400.0
0.0
500.0
500.0
0.0

NODE  DIST.  KEY

U
- e
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LISTING OF HEURISTIC PROGRAM .

Note:

Programmed in FORTRAN on an IBM 1130,
Core requirements: '
a) program 3956
‘b) common 1702
c) variables 776
6434 words

A
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TS

// FOR
*10Cs(2501 READER91603 PRINTER)

'®ONE WORD-INTEGERS

INTEGER ARC(49100)
DIMENSION RAD(4) s IRAD(4)
DIMENSION XCORD(100)» YCORD(IOO)oDIST(QolOO)oKEY(lOO)
COMMON XCORDs YCOQORD9ARCsDISTsKEYDUPL :
READ{8+1) ITER

1 FORMAT{I2)

2 DUPL=0.
IFLG=]
CALL NTWRK (N}
OG 0 J=lenN
CAlLL CENTR(RAD,IRAD)
TF (RAG(11)B4849

E IFLGwey

S IN=FIRADIID
CALL DCSN{INsIFLG)

10 CONTINUE
WRITE(S,11)DUPL

11 FORMAT(IX/]OX,'TOTAL OUPLICATE STREET LENGTH ="»F10.0)
ITER=ITER~)
IF (ITER) 1291292

12 CALL EXIT

. END



=921~

// FOR

‘®ONE WORD INTEGERS

SUBROUTINE NTWRK (NODD)-

INTEGER ARC(4,100})

QIMENSION XCORD{(100)e YCORD(IOO)oDIST(éoloa)eKEV(IOO)
COuMON  KCORDs YCORDs ARCoDISTHKEY

c InivTag,
WNODD=
SUM=( .«
NARC=¢
DO S50 I=15100
XCORD(1)=0
YCORD(I)=0
KEY{I)=(
00 50 J=leb
ARC(Js M=
O1ST(JeI)=0,0
S0 CONYINUE

c INPUT ALL NODES AND ARCS OF THE STREET NETWORK
READ (B4 1) NODES
1 FORMATLEZ?
' DG 3 I=1sMODES :
READ(E,Z) XCORD(I) YCORD(I)'ARC(lol)oARC(EtI)vARu(39I)oARC(ﬁvI3
2 FORMAY (2F7,1+413)
3 CONTINUE

€ INFUT NON-LINEAR ARC LENGTHS; IF ANY.

READ(8210) NL

10 FORMAT (I2)
IF (NL) 19419911

11 DO 19 I=1leNi
RE&D(&olé)NODElvNODEZvCRV

12 FORKAT (213,F7.1)
00 13 J=lr4
IF(ARC(J;NODE!)*NODEZ) 13514413



O0O0OO0

13

14

15

19

20

21

22

23
29

33

- 30

31
35
36

32

34

CONTINUE
DIST(JeNODE]
DO 15 JU=1ye4
IF (ARC(J,NO
CONTINUE

DIST (JoNODE2) =CRV

CONTINUE

CALCULATE LI
DO 29 I=1,NO
X= XCORD(I)

Y= 'tCORD(I)

D0 29 J=ls04

IF (ARC(Js 1)
IF (DIST(Js1
K=ARC(Js1)

) =CRV

DE2) -NODE1) 15916915

NEAR ARC LENGTHS

DES

) 29929920
)) 21921929

DX= XCORD(K)<=X

0Y= YCORD(K)
SUMSQ= (DX *DX
DIST (JUs1)=5Q
DO 22 Jl=1s4
IF (ARC(J1,K
CONTINUE

DIST(J19+X) =D
CONTINUE

COMPUTE TOTAL NETWORK LENGTH
D NODES AND/OR DUMMy NODES -

DETERMINE 0D
DO 34 I=1+NO
DO 30 JU=le4

IF (ARC(Js )
SUM=SUM*DIST
NARC=NARC+]

CONTINyt

-Y

) + (DY®DY)
RT (SUMSQ)

)=1) 2292322
IST(Js 1)

DES

) 33931933

(Jo D

IF (J=3) 35536935

IF (J=4) 34
KEY (1)=-1

GO TO 34
KEY(I)=1
NODD=NODD+}
CONTINUE
SUM=SUM/2.
NARC=NARC/2

32934
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c

PRINT NETWORK INFORNAYION
WRITE(S+37)

37 FORMAT (*1°*/5Xe "NETWORK INFORMATION®/)
WRITE{Se%0)

40 FORMAT {10Xy*NODE NO.? 94X"XC00RD"3XQ’YCOORD'93XO'NODE'03X"DISTQ
$9,3X9*NODE?* ¢3Xe°DIST,? o3X¢'NODE'o3X9'DISTo »3X9*NODE® 43X *DIST.
$3Xet KEY o/7/)

DO 42 I=1oNODES
WRITE{Se%l) Is XCORD(I)» YCORD(I)’ARC(lOI)’DIST(I’Y)’ARC(ZOI)O
$DIST(291)9ARC{II)sDIST(I391)9ARC(491)sDIST(49I)sKEVLI)

4) FORMAT (13X 125X oFTelo3XoFTelo3INeI202XsF7e 194X9i292X9F7019419129
$2XoFTaledlo1202XoFTel94X012)

42 COMTINUE

WRETﬁ‘S'““)NhRCONODDOSUN

4G FORMAT (1X/9X e SKEY NOTATION'9IXe?0DD=1%9 3IXe "EVENZO®¢3Xy *DUMMYa=13,
$/10%s INUMBER OF ARCS='415/10Xs *NUMBER OF 0ODD NODES=ty IJ/IOX.'TOTAL
$ LINEAR FEEY OF STREET='9sF10.0/) '

Y. =MODES# (NODES=~1) /2
Y=NODD¥ {NODD=~1)/2
SUW‘-‘EG

00 S5 1=1o100¢2
DX=NODD~ I

SUMSSUMHDX )

IF (NODD=I=1)51951455

55 CONTINUE

51 WRITE(5552)XsYsSUM |

S2 FORMAT(10Xy *COMBINATORIAL STATISTICS?!/15X, 'NUMBER OF MINIMUM PATH
SCOMPUTATIONS FOR ENTIRE NETWORK =%4E12.6/15Xe 'NUMBER OF POSSIBLE O
SOD NODE PAIRS =9921XsE£12.6/15Xs *"NUMBER OF P0SSIBLE PAIR COMBINATIO
ENS =9918XeE12.6/917} , .

WRITE(S+60) <

60 FGRMAY(/////IOX!'SOLUTION"I!X"NODE PAIRS"3X"PATH LENGTHS"

$TXs "PATHSV//)
NODD=NODD /2
RETURN

END

/7 DyP
#STORE ¥S UA  NTWRK



-6T1-

C
C
C

2 XsR ¥ o)

1/ FOR
*ONE WORD INTEGERS

SUBROUTINE CENTR(RADsIRAD)

SUBROUTINE CENTER COMPUTES MASS CENTER OF ACTIVE ooo NODES AND

RETURNS IN DESCENDING ORDER THE N MOSYT DISTANT ACT. ODD NODES FROM_,

THIS CENTERs AND THEIR RESPECTIVE oxsrches :

INTEGER ARC(44100;

DIMENSION xCORD(100}, vconotloo),oxsria.loox.KEvcxoos

DIMENSION DUM(100) s IDUM(100) sRAD(4) s IRAD (&)

COMMON RCORDs YCORD9ARCIDISTHKEY

=&

INITIALIZE VARIABLES , _— o o
Tvi=NO. OF ACTIVE ODD NODES  RAD= RAZIUS OF N NODESs DESCe ORD

| OO Y I=lv gy

xC=2x=CNTR  YC=sy=CNTR . IRAD=FURTHEST N NODE NAMES .

RAD(T) =C,
IRAD(TI) =0,
CONTINUE

- XSUM=0.

Y3uM=Ge - SRR , o o .‘!n'
DE'@OMzﬁu » o
DXSUM=0 .
DY 5UM=0,
Iyl=0

Nz&

o U

COMPUTE (XOOYO’ FOR ACTIVQ 00D NODES
D0 5 I=l»100

IF (ARC(191))2s692

IF (KEY(I))5+5¢3

XSUM=XSUM+XCORD (I
YSUM=YSUMeYCORD(I)

DENOM=DENOMe 1,

S Ivi=IVlel

Io0UM(IV]) 3]

CONTINUE

1F (DENOM=2.)5005500+7
XC=XSUM/DENOM ~

YCeYSUM/DENOM
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23

500

COMPUTE RADIUS OF ACTIVE ODD NOOES

D015 I=1,1vl
J=IDUM(T)
DA=XC=XCORD(J)
DY=YC~-YCORDCS)
OQQ~(0X*DXD¢(DY'DY)
DuUM(1)=0SQ
CONTINUE

SELECT FURTHKEST N NODES
IF (IVi=N)19+20920 '
nN=fvi o

00 22 J=1eN

Biﬁsa.

DO 21 I=1,1V1 )

I coun¢1>-915)21.21.23 X

B!B DUMII)
ISIG=I0UM(I)

- Ives=d
21

CONT INUE
DUM(IY2) =0
IRED (U =IBIG

’ Rﬁﬁ(d?“SQRT(BIG)

22

CONT INUE

RE TURN ,
TRAD(1)=IDUM(1)
RE T RN

END

/7 pue ' :
*STORE WS UA CENTR



// FOR
’ONE L

10

11
12
i3
14
15
16

17
18

ORD INTEGERS

SUBRQUTINE DCSN{INeIFLG1)"
INTEGER PTH(3513)sPTS(3)

REAL LNIN(3) oLNTH(3) yMLNTH(3)

DIMENSION NTRX(Q’Q)QDHTRX(4o2)9IPTS(3)9MPTH(3913)

DIMENSION MPATH(13)

IF (XFLG1)100919}
MTRX(1s1)=IN

DO 30 K=1,6

IF (MTRX(K91))3093095

CIN=MTRX (Ko 1)

INA=IN

CALL PPGEN(IN!LNINOPTHOPTS)
IF (K=1)1006510

DO 7 I=1,3
MTAX{Ie1e1)=PTS(I}
MUNTH{I)=LNINCI)

DO 7 J=1s13
MPTH(IoJ)=PTH(IsJ)

CONTINUE

D0 20 I=1+3

NP ASS=1

IF (PTS(1))20920s11
INB=PTS (I}

CALL PPGEN(INBILNTHePTHe IPTS)
CALL AMIN(LNTHe 39 IXeSMALL)
IF (XX} 15014915
LNIN(I)=14999,

GO 76 20

LNTHC(IX}=15000.

iF (IPTS{IX)~IN)16+13s16
IF (IPYTSUIX)=INAY 17913017
GO TO (18919} 9NPASS
INA=ING

INB=IPTS{IX)
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LNINCI)=LNIN(CI)=SMALL

19

NPASS=2

G0 T0 12
LNINCI)SUNINCT) #SMALL
INA=IN

20 CONTINUZ

1

CaLL AMIN(LNIN'B’IXOSMALL)

MTRX(Ke2) =PTS(IX)

30

50

TEMP=SHMALL

LNINCIX)=16000. '
CALL AMIN(LNINg3,IX9SMALL)
MTRX(K»3) =PTS(1IX)

DMTRX {Ko 1) =SMALL~-TENP
TEMP=SHALL

LNINTIX)=160000

Catlu AHIN(LNINg3vIR9$MhLL)
MTRX{Ks4)=PTS(IX} R
DMTRX (K¢ 2) =SMALL=TENP
CONTINUE

CALL SCORYI(MTRXsDMTRX9I1)
DO SO0 J=1,13
MPATH(JI=MPTH{I o )
CONTINUE

- CALL PAIR(MTRX(lal)oMPATHoMLNTH(I))

100

101

4 DUP

®SYORE

RETURN

CALL PPGEN{INsLNINSPTHsPTS)
CALL AMIN(LNINvB.IXoSMALL)
0O 3101 XI=1,13

‘MPATH{I) =PTH(IXeI)

CALL PAIR(INsMPATHoSMALL)
RETURN
EnD

WS UA DCSH
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/7 FOR
*ONE WORD INTEGERS

c
¢
¢

OO0

SUBROUTINE PPGEN(IN#?RL9K9VAR)

PPGEN GENERATES THE THREE SHORTEST AND UNIQUE PATHS
RADIATING FROM THE ACTIVE ODD NODE °*IN* TO OTHER
ACTIVE ODD NODESs ALL OF WHICH ARE ALSO UNIQUE

INTEGER ARC(4+100)9S(6913)9VAR(I) » ’
DIMENSION XCORD(100)e YCORD(100)¢DIST(49100)¢KEY(100)
DIMENSION BRAN(S) 2 IDENT (996) oRL (I) oK(3913)eSV(6)
COMMON XCORD+ YCORD.ARCODISTvKEY

DO 1 I=1,13

D0 1 J=1,6
SV(J)=15000.
S(Jol)zo

EX&ﬁINE THREE BRANCHES FROM ODD NODE *IN?

DO 10 I=1+3

KA=ARC{I4IN)

. S{Ts1)=KA !

204

208

206

207

ICOL=2

SSV(IE=DIST (X9 IN)

KIN=IN
I¥ (KEY(KA))204+8,510

~CONTINUE

GG T0 S0C

IF KA IS A DUMMY OR AN INACTIVE ODD NODge LINK TO NEXT
NODEs» ADD DISTANCEs NOTE CONTINUATIONs AND TEST AGAIN
CALL DUMMY (KINsKA9KNEWsA) '
IF (ICOL=14)205+2075207
S(I+ICOL)=KNE¥
JCOL=ICOL 1
KIN=KA
KAZKNEY
IF (KA-IN)20602079206
SV(Y)aSY(i)eA
GO Y0 3
SV{I)=15000,

GO TO 10
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OO0

OO0

FROM KAs A MAX OF 9 BRANCHES MUST BE ANALYZED

INITIALIZE BRANCH DISTANCE AND ID ARRAYS AND ROW COUNTER

FROM KAs A MAX OF 12 BRANCHES MUST BE ANALYZED.
D0 9 J=1+9

BRAN{J}=15000,

00 9 1u=196

T1DENT (Js 1) =0

IR0OW=1

GIVEN IS KA. KA IS AN EVEN NODE (4 BRANCHES)
D0 30 J3=1le6 : '

S JeoL=l1

12
13

14

215

- 216

217

213

KB=ARC (JB4KA} i
IF (KB-KIN)12,30,12 . -~
IF (KB=iN}13¢30s13

BRAN{IROW)} =DIST(JBsKA)
IDENT{IRO®WsJCOL) =KB

JCM.=JCOL +1

besfheKA

if 3KEY(KB))2!5917929

IF KB 1S A DUMMY OR AN INACTIVE ODD NODEs LINK TO NEXT
NODEs ADD DISTANCEs NOTE CONTINUATIONs AND TEST AGAIN
CALL DUMMY (KKA9KBoKNEWSA)

IF (JCOL~=6)21692169219

IDENT ({IROW+JCOL ) =KNEW

JCOL=JCOL+}

KrA=KB

Kg=KNEW

IF (KB=IN)217+219+217

IF (KB=KA)2184219+218

BRAN(IROW: sBRANCIROW) *A

GG T0 14 .
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219

17
18

1q
20
2}

22
23

223
224

225
226
227

228

BRAN(IROW)=15000,.
GO 10 29

GIVEN IS KB. KB IS AN EVEN NODE (4 BRANCHES)
TEMP=BRAN({IROW) " :
DO 18 N=JCOL+6

IOENT {IROWsN) =0

Do 30 JC=1.4

JOCOL=JCOoL

KC=ART {JCKB)

IF (KC-KKA)19¢30+19

IF (KC=KA)20930020

IF (KC=IN)21+30»21

BRAN{IROW)=TEMP*DIST (JCoKB)
IDENT(IROW,JDCOL) =KC :
JOCOL=JOCOL ]}

KKB=KS

IF (KEY(K() 2223923025
BRAN{IRO¥)I=15000,

GO TO 25

ByYPASS NON-EVEN NODES, NOTE, AND TEST AGAIN
CALL DUMMY (KKBesKCoKNEWs A)

IF (JDOCOL=6) 22492249228

IDENT { IROW e JDCOL ) =KNE

JDCOL=JDCOoL +1 ; :

KKB8=KC

KC=KNEW

CIF (KC~IN)2254+228+225

IF (KC=KA)226+228+226
IF (KC=KB) 22792284227
BRAN{IROW) =BRAN(IROW) ¢A
GO Y0 22 o
BRAN(IROW)=15000.
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es

26

27

29
30

40
41

%6
47

48
49

S0

60

START NEW PATH SEARCH

IF (JC=4)26+29429

ITEMP=IROy+]

IVAR=JCOL~]

D0 27 JL=141IVAR

IDENT (ITEMPsJL)SIDENT (IROWs JL.)
IROW=IROW+] ,
CONTINUE

SELECY THE MIN PATH AND AN ALTERNATE
NPASS=]

IVAR=0 :

CALL AMIN(BRANs 99 IVAReSMALL)

IF (NPASS=1)42+41442

IF (IVAR)10,60¢46

IF (IVAR) 10510946

PLACE THESE IN PRIMARY AND SECONDARY LOCATIONS IN SAVE ARRAYS
GO YO (47.49)1NPASS
TEMP=SV (])

. ICLMN=ICOL -]}

DO 48 MCOL=}1,ICLMN
S(I«34MCOL)=S(IsMCOL)
IROW=1+3% (NPASS=1)
SV(IROW) =TEMP+BRAN(IVAR)
BRAN(IVAR)=15000.

00 S0 JF=1l,46
ICLR=ICOL+UF=1

S(IROWy ICL2)=IDENY (IVARs JF)
NP ASS=NPASSe]

IVAR=w]

GO TO (40+40910) »NPASS

Sv(1)=15000. -
GO YO0 10



-LET~

000

500

S1

83

101
102

103
104
105 J

106
107
108

109

- 110

11

112

FINISH

FIND TERMINAL NODE FOR EACH PRIMARY PATH

00 S3 I=1s3

DO S1 J=2413

IF (SiIeJ))151953951
CONTINUE

J=14 ,
VAR(I}=5(1,Jd=])

AR§'THERE DUPLICATE TERMINAL NODES
J= _
IF (V&R(1}=VAR(Z))103+1014103
IF (SV(i)=5v(2)210251029110
J=2

GO TO 110

IF (VAR(I)-VAR(3))10601040106

IFS(SV(I)-SV(Z))105’1050110

GO 710 110

IF (VAR{2)=VAR(3))130+107+130
IF(SV(2)-SV(3))1089108+109
Jz=3

6o T 119

J=2

FIND MIN SECONDARY P&TH
1VAR=9

SMALL=15000.

0G 112 I=4,46

IF. (SMALL-SV(I))1129112s111
SMALL=SV (1)

IVAR=]

CONTINUE .

IF (IVAR) 11391305113

REPLACE DUPLICATE BY MIN SECONDARY PATH
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113

SV (J) =SMALL
Sv(IVAR)=15000.

. D0 114 I=1+13

114

13¢

S(JeI)=S(IVARsI)
GO TO S0¢ '

CuTPUT
DO 131 1I=1,3
RL ) =8V LTY

00 131 J=1.13

133

SPENIEES TN}

- YCOUN=Z

15

76
7S
8p

// Oyn
¥STORE

DO 76 =143

IF (RL({I) = 150000)76'75976
ICOUN=ICOUN=-]

VAR(I} =0

IF (ICOUN‘76979076
CONTINUE

REYURN

WRITE(S,80) 1IN

FORMAT (10X *NO ACTIVE obD NOOES WITHIN 3 DVPTHS OF NODC 3313)
CaLL EXIT

END

¥S UA  PPGEN



/7 FOR

‘ONE W

- C

10
11

’/ DUP
*SYORE

ORD INTEGERS

SUBROUT INE DUMMY (KORGIKDUMsKNEW»A)

DUMMY ENABLES BYPASSING OF INACTIVE 00D NoDES AND DUMMY NODES
INTEGER ARC(4¢100)

DIMENSION xCORD(100), YCORD(IOO).DIST(4.100)’KEYtIOO)
COMMON XCORD, YCORD,ARC.DIST.KEY

DO 3 I=is4

IF (ARC(IsKDUM) 301042

IF (ARCGX!KDUH}'KORG)“9304

CONTINUE

GO 70 10

KNEW=ARC (1 4KDUM)

A=BIST (19 KDUM)

RETURN -

WRITE(%s11)KDUM

FORMAT (SX» sERROR IN SUBRT. OUMMY- KDUM=916)

CABL exir

EN

%S UA DUMMY
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-4/ FOR

®ONE w

c

ORD INTEGERS

SUBROUT INE AMXN(A.N-IRO“.SMALL)

SUBROUTINE AMIN RETURNS THE: MINIMUN VALUE AND ITs ELEMENT NUMBER (IROW)
DIMENSION A(12)

SMALL=15000,

IROW=0

DO 2 I=leN

IF (SMALL=A(I))2,2»1
SMALL=A(])

JROW=]

2 CONTINUE

// DUP

*STORE

RETURN
END

WS UA AMIN
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/7 FOR

*ONE WORD INTEGERS

SUBROUTINE PAIR(INsRATHsPLNTH)
C SUBROUTINE PAIR LINKS THE OPTIMAL PAIR OF ACTIVE ODD NODESs SETS
C  THESE TO INACTIVE STATES AND REMOVES ARCS ALONG THE PATH FROM

- C THE NETWORK SEARCH AS THEY HAVE NOW BEEN DUPLICATED ONCE.

INTEGER ARC(49100)9sPATH(13)
DIMENSION XCORD(100)+» YCORD(IOO)QD!ST(Q'IOO)’KEY(IOO)
COMMON XCORDs YCORDOARC’DISTQKEYODUPL
DUPL=DUPL ¢PLNTH
KIN=IN
I=1
NODE=PATH(])
1 DO 2 J=l1+4
IF (ARC(Js»IN)~NODE)29 392
2 CONTINYE
3 ARC(JsIN)==ARC(J,IN)
KEY (IN) ==} ,
- DO & J=lsb
IF (ARC(JsNODE)=IN)495+4
& CONTINUE
S ARC(JaNODE)==«ARC(J9NODE)
KEY (NODE) ==)
IN=NODE
1=1+1 o
NODE'PATH(I)
IF (NODE)1ls6s1
6 N=l-)
WRITE(Ss7)KINsINSPLNTHoKINy (PATH(J) 9J=1¢N)
7 FOQHAT(30XOI302X’I3vSXoFBoO'7XQIQIQ)
RETURN
END

/2 DuP

“STORE WS uA PAIR
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/7 FOR

®ONE WORD INTEGERS

c

c.

4 DUP
#STORE

10
11

12
13

20

22

24
30

SUBROUT INE SCOR1 (MsDMe ITH)

SUBROUTINE SCOR1 EVALUATES NODE PREFERENCES AND WEIGHTS
AND RETURNS ROW NUMBER OF LOWEST SCORING NOOE
DIMENSION M(b.h)oDM(QQZ)QSCORE(3) '

IN=M(1s1)

DO 13 I=1,3

'SCORE(I1)=0.

IF (N(lo3)-H(I’lol))11’10011
SCORE(I)=DM(1,1)

GO YO 13

IF (N(l'4)~H(I‘lol)313'12913
SCORE(I)=DM(192) «DM(191)
CONTINUE

D0 30 K=244 .

IF (M(Ky2)=IN)20,24s20
SCORE (K=1) =DM(Ks1) ¢SCORE (K=1)
IF (M(Ks3)=IN)22+30922
SCORE(K'I)BSCORE(K'I)ODH(KOZ)
GO0 TO 30
SCORE(K-1)=~DM(K,1)QSCORE(K-I)
CONTINUE

CALL AMIN(SCOREs3sITHsSMALL)
RETURN
END

WS UA SCOR1



11,

12,
13.

14,

15.

16.

NOTES -

L. Mumford, The City_in History, New York, Harcourt Brace and
World, pp. 462 463, 1961,

National Advisory Commission on Civil Disorders, Report 138-39, 1968,
(Hereinafter cited as Civil Disorder Report).

Ibid. at p. 138 and p. 148,
Ibid. at p. 138.
Hawkins v. Shaw, Civil No. DC6737 (N.D. Miss., filed Nov. 21, 1967),

black petitioners of MIssissippi town demand paved streets, lights,
and police services equal to those of white community.

Civil Disorders Report, p. 1l47.
Ibid., p. 148,
Ibid., p. 134,

Jay Forrester, Urban Dvnamics, M.I.T. Press, Cambridge, Mass., 1969.

, Cambridge Municipal Sérvices Studv, R71-15,
Department of Civil Engineering, M.I.T., Jan., 1971.

Ann Gordan, "Refuse Collection and Street Cleaning in Boston,"
THesis, Harvard SChool of Design, 1969.

The United States Law Week, Feb. 9, 1971, 39LW2431.

Gordan, op.cit., p. 27.and p- 34.

Facts obtained from interviews with Public Works Commissioner Ralph
Dunphy and members of the Model Cities' Municipal and Environmental
Services Component, summer 1970.

Cleveland's Unfinished Business in its Inner City, Report by the
Cleveland Subocommittee of the Ohio State Advisory Committee to the

U.S. Commission on Civil Rights, based on hearings in Cleveland, Ohio,

April 1-7, 1966, p. 30. (Hereinafter cited as the Cleveland Report.)

Hawkins v. Shaw, op.cit., and Harris v. Town of itta Bena, Civil No.
666756 (N.D. Miss., filed Nov. 21, 1967).
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17,

18.

19.

20,

21.

22,
23.

24,

25.

26.

27‘

Observation on Model Cities Clean Up Campaign Day, the number

of years was evidenced by the number of layers of autumn leaves
in the basin's sediment. '

Boston Sundav Globe, April 14, 1968, at A.3, col. 5.

Sexton, Education and Income: Inequalities in our Public Séhools,

1961.

The Voice of the Chetto, Report by the Massachusetts State Advisory

Committee to the Unied States Commission on Clvil Rights, pp.20-24,
1967, .

Some of them are enumerated here:

a) Ratner, Inter-Neighborhood Denials of Eaual Protection in the
Provision of Municipal Services, Harvard Civil Rights-Civil
Liberties Law Review (1968).

b) Abascal, Municipal Services and Equal Protection: Variations
on a Theme by Sriffin v. Illinois, 20 Hastings Lav Journal,
p. 1367 (1968).

c) The Right to Adequate Municipal Services: Thoughts and
Proposals, New York University iaw Review, Vol. 44, 753 (1969).

d) Law Week, op.cit.

e) National Institute for Education in Law and Poverty, Clearinghouse
Review, May 1970, Vol. 4, No. 7.

Law Week, op.cit., p. 2431.
Time, The Law (Section), April 19, 1971, p. 58.
Clarence E. Ridley and Herbert A. Simon, Measuring Municipal-

Activities, (Chicago, International City !Managers Association, 1938)
p. 1.

Time, Environment (Section), March 8, 1971, p. 35.

American Public Works Association, "Local Public Works Organizations,"
Special Report No. 35, APWA, Chicago, 1970.

Economists:
a) Samuel R. Wright, Sewerage Service Charges, Bulletin No. 98,

College Station, Texas: Agricultural and Mechanical College of
Texas, 1947, pp. 14-15.
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28.

29'
30.

31.

32.
33,

34,

38.

39.
40.
41.
42.
43,

44,

b) Dick Netzer, Economics of the °oroperty Tax, Washington, D.C:
The Brookings Institution, 1966, p. 214,

c¢) Wilbur Thompson, Preface to Urban Economics, p. 280-3,

Robert M. Clark, Toftner, Budixon, "Management of Solid Waste--

The Utility Concept,'" Journal of the Sanitarv Engineering DNivision,
ASCE, Vol, 97, Feb., 1971,

APWA, ops¢it., p. 75.

» 1970 Municipal Yearbook.

U.S. Bureau of the Census, Local Government Finances in Selected
Metropolitan Areas in 1964-65, Series 6F - No. 9, 1966.

» 1970 Annual Budget, City of Cambridge.

» Cambridge Municipal Services Study, op.cit., p. 86.

Jay Forrester, Principls of Systems, Wright-Allen Press, Cambridge,
Mass. v

Gordan, op.cit.
Gorcan, op.cit,

s Cambridge Municipal Services Study (A copy may be
obtained with permission from Civil Engineering Systems Laboratory,
M.I.T.)

Action-Housing, Inc., Public Services in Perry Hilltop, Pa.,
Number-One Gateway Center, Pittsburgh, Pa., 1965, p. 2 of section
labelled "Standards for Local Public Services."

Gorcan, op.cit., p. 27 and p. 34.

Ibid., p. 68.

San Francisco Examiner, Jan. 8, 1969, at 40 cols. 1-2, "A Rat's a

Rat,"
Gordan,-oB.cit.,_p.Bé.

» Canbridge Municipal Services Studv, p. 133,

Law Week, op.cit.
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45,

46,

47,
48.

49.

50.°

51.

52,

53.

54.

55.

56.

57.
58.
59.
60.

61.

62.

Gordan, op. cit., pp. 59-72.

Francis F. Piven, "Militant Civil Servants in New York City," in
Trans—action, Nov. 1968, ' '

Ibid.

Ibid.

égﬂé, op. cit., p. 80.
Gordén, p. 71.

Law Week, op. cit,

Perazzo v. Lindsay, 30 App. biv. 24 179, 290 N.Y.S. 2d 971, McInnis
v. Olgilvie, 394 V.S. 322 (1969), Riss v. City of New York, 22 N.Y.
2d 579, 240 N.E. 2d 860.

Charles S. Benson and Peter B. Lund, Neighborhood Distribution of
Local Public Services, Institute of Governmental Studies, Univ. of
California, Berkeley, 1969. g -

Alexander L. Pugh, III, Dynamo II, PugH—Roberts, Inc., Cambridge.

H.F. Ludwig and R.J. Block, "Report on the Solid Problem," Journal
of the Sanitary Engineering Division, American Society of Civil
Engineers, Vol. 94, SAZ, April 1968.

D.H. Marks and J.C. Liebman, "Mathematical Analysis of Solid Waste
Collection,"” Department of Geography and Environmental Engineering,
the Johns Hopkins University, 1970.

Robert Stricker, Public Sector Vehicle Routing: The Chinese Postman
Problem, Thesis, M.S., M.I.T., August 1970.

Kwan Mei-Ko, "Graphic Programming Using Odd or Even Points,"
Chinese Mathemtics, Vol. 1, 273-277, 1962.

R.G. Busocker and T.Z. Saaty, Finite Graphs and Networks: An

Introduction with Applications, McGraw-Hill, New York, 1965.

Fred Glover, "Finding an Optimal Edge-Covering Tour of a Corrected
Graph,"™ ORC 67-13, Operations Research Center, University of Calif.
Berkeley, 1967.

See list of references, Dantzig, Dreyfus, Floyd, Hu, Mills and Yen.

Stricker, op. cit.
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kllis L. Johnson,'"Existence of Euler Tours in Bidirected Graphs,"
IBM Research, RC 2753, Yorktown Heights, 1970

K.G. Murty, "The Symmetric Assignment Problem," ORC 67-12, Opera-
tions Research Center, Univ. of California, Berkeley, 1967.

See list of references, Edmonds,

Stricker, op. cit.
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