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ABSTRACT

This thesis defings urban infrastructure and discusses its importance on tha economy as
a whole. Examples of the sums of money required to rehabhilitate the infrastructure at the
international, national and local ievels is discussed. The current management and
budgeting practices in several Canadian cities are reviewed.

The obijectives of this thesis are:

(1) to define issues in the management of infrastructure, including the need to view
the worth of infrastructure as an asset,

(2) to describe an approach for establishing the minimum funding levels required for
supporting strategies and programs, and

(3) to report the concept of resource allocation under conditions of intersectoral
conflicts.

An approach is suggested for establishing minimum funding leveis per sector by use of
a "Recapitalization Equation”". Several examples demonstrating the accuracy of the
equation, as a planning model at the internatio:.-., national, regional and local ievel, are

Jiven.

An equilibrium equation is suggested which relates the Recapitalization Equation tc sector
needs defined by traditional methods.

An overall infrastructure index is discussed which provides a rough index of the "state of
the nation".

A master framework for the budget cycle is presented.

(ii)
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Performance budgets have a management orientation. Revenues and expenditures are
related to work loads and unit costs to achieve efficiency. The emphasis in the
performance budgeting format is on how well an agency is utilizing its resources. The
measures used include cost per citizen and cost per unit of output.

The project budget is oriented towards planning. Expenditures are presented in the form
of programs and activities rather than departmental line items. Program budgeting defines
the goals of an agency and classifies organization activities contributing to each goal.
Data are presented by product cutput rather than a formal organization line in order to
focus on goals and alternative programs for achieving them.

Both the operating and capital budgets are planned and programmed on muiti-year cycles.
This requires the appropriate linkages with cther management schedules. The capital
budget shouid be linked with a comprehensive infrastructure planning needs assessment
process and the official plans.

In the U.S., as Table 2.1 demonstrates, there is a clear correlation between city size and
Capital Improvement programs and the measures of sophistication in the implementation
of fiscai management procedures.

TABLE 2.1
EXISTENCE OF CAPITAL IMPROVEMENT PROGRAMS (CIP)

10 - 25000 314 59 1977

25 - 50 000 256 65 1975
50 - 100 000 148 74 1975
100 000 + 121 a2 1970
All Cities: 839 68

SOURCE: (League of Cities, 1983)
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CHAPTER 1
ISSUES, RESEARCH OBJECTIVES AND METHODOLOGICAL FRAMEWORK

Background

Municipal infrastructure categories are numerous as well as diverse. Infrastructure
includes works such as roads, lighting, sidewalks, bridges, sewers, water supply and
distribution networks, waste collection and disposal facilities, libraries, parks, schools and
transit systems. Most of these, along with many other types of infrastructure, are bulit by
municipalities which use a large part of their budgets to operate them.

Infrastructure has also been referred to as being the Life Lines of a city.

FIGURE 1.1
INFRASTRUCTURE IN A TYPICAL STREET
IN A CENTRAL BUSINESS DISTRICT
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The health and well being of Canadians depend on basic services like roads, sewers,
water supply networks, institutions and transit systems. The importance of infrastructure
of the economy and soclety derives from the flow of service they provide. For examnla,

public works aid:
. dailly movement of people to and from work, school and shopping;
. distribution of raw material and Intermediate and finished goods throughout

the nation’s economy;

. improvements In the guaiity of life and & cleaner and safer environment.

The health of the nation's economy and the stability of society are dependent on the
existence of a comprehensive and well maintained infrastructure.

Busine~ses making decisions on where to locate are now delving deep into detalls of the
living environment and the state of the city's infrastructure, including the average commute
time to downtown in minutes. (National Academy of Engineers, 1988)

Indeed, a cause of the decline of the competitive position of the U.S. in the intemational
economy is the low rate of investment in highways, ports and airports which aid in the
distribution of goods and services (Aschauer, 1985). In the absence of investment in
infrastructure, the compestitive position of the Canadian economy can be adversely
impacted. Almost one out of every five dollars spent on goods and services is devoted
to transportation costs. Improved infrastructure can, therefore, resuit in efficient
transportation and savings to users of transportation.

With the rise in importance of “JUST IN TIME" inventory contro! the smooth functioning
of the . ~sportation system is vital to a nation’s productivity. Improving the quality of life
in cities will be an important policy objective to which financiatl resources will need to be
targeted if we are to maintain a sustainable infrastructure.

Infrastructure is therefore extremely important for the proper economic functioning of an
urban society. In fact, urban society could not exist without the sophisticated urban
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infrastructure present in cur modern cities. Also, the value of these assets represents
considerable sums. The management of these assets therefore is a very important
function of municipal government if governments are to avoid leaving the next generation
a mountain of rehabilitation costs. This thesis research provides the methodological base
so that Cities can

(1) manage their infrastructure like a business, and
(2) aliocate funds in a rational manner to maintain their assets.

Definition of the Issues

At the international level, the developing countries have lost precious infrastructure worth
billions of dollars through deterioration of their roads. In eighty-five countries that have
received World Bank assistance for roads, a quarter of the pavec roads outside urban
areas need reconstruction as do a third of the unpaved roads. This work will cost $40
billion to $45 billion. Timely preventive maintenance costing less than $12 billion could
have saved these roads. (World Bank, 1988)

In the U.S. various studies have been conducted which attempt to estimate the annual
shortfall between investment requirements and available revenues to aftain the necessary
rehabilitation work. The estimates vary from $17.4 billion (Congressional Budget Office
1983) to $24.6 billion (Joint Economic Committee of Congress 1984) to $71.7 billion
(Associated General Contractors of America, 1983; National Research Council, 1987).

Estimates of the backlog of the maintenance and repair of bridges, streets, and water and
sewer systems in the U.S.A. range from less than $1 trillion to over $3 trillion. Forty-one
percent of the bridges in the U.S. are deficient according to the Federal Highway
Administration. Spending on public works decreased from 19.1% of total government
expenditures in 1950 to 6.8% in 1984. (National Council on Public Works, 1986)

The U.S. Transportation Department calculates that in 1985, vehicles on U.S. freeways
experienced 700 million hours in delays (a number that is expscted to rise to 3.9 billion
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hours by the year 2005 if no improvements are made). At $10.00/hour as an opportunity
cost, the cost of delay is substantial. The U.S. Federal Highway Administration calculates
that delays on urban freeways cost more than $9 billion in 1984 and will cost $54 biilion
by 2005 (Lindley, 1989). This does not account for direct operating costs which as
illustrated in Figure 1.2 could amount to over $1000 per year (1976 dollars), an amount
which would be in excess of $2000 in 1992 dollars.

FIGURE 1.2
DIRECT OPERATING COSTS

$100 —

Direct operating costs 90 -
(1976 dollars) per

1,000 km at SO km/hr.
80 -
Rough broken

pavement or
rough grovel

70
60 —
50 -4
:J—— Smooth new pavement
Very good ' Good | Fair | Poor | Very poor’
Quality
X km 20,000 km
Sgeeogost-GSGO ) User cost=$1,920
Source: Inter City Management Association (1986)

The National Council on Public Works (U.S.A.) looked at this problem in another manner.
Warning that the nation’s public works are badly in need of attention, the results of the two
year study recommended a doubling of funds to help save the nation's crumbling
infrastructure. The study graded progress in eight categories of public works.
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TABLE 1.1

THE STATE OF PUBLIC WORKS (U.S.A.)

HIGHWAYS c*

MASS TRANSIT C

AVIATION B

WATER RESOQURCES B

WATER SUPPLY B

WASTEWATER C

SOLID WASTE (o3

HAZARDOUS WASTE D

Source: Fragile Foundations. A Report on America's Public Works, by

the National Councili on Public Works (1986).

In Canada several agencies have aftempted to quantify the magnitude of the
rehabilitations problem. TRIP/CANADA, a public information committee of the Canadian
Construction Association, has, over the last several years, published many reports on the
magnitude of the infrastructure rehabilitation problem for the municipal and provincial
roadway systems in every province. Although these agencies have a vested interest, the
numbers are still worth contemplating. For example, in June 1987, TRIP/CANADA,

Ontario Chapter, published a short paper on the evaluation of the sewer systams in
Ontario. TRIP/CANADA indicates that 12 000 km of sewer and service connections in
Ontario must be reconstructed over the next 70 years at an annual present value cost of
$107 million per year. TRIP/CANADA documents that Ontario residents served by
municipal water distribution systems may find these systems unable to deliver a reliably
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adequate supply of water because of a rapidly advancing system decay. The
TRIP/CANADA reports go on to state that without immediate corrective action, users of
these systems face service disruptions caused by breaks, wastage through undetected
leaks, and loss pf watar pressure needed by fire protection services.

TRIP/CANADA estimates that $141 million is required annually (about 2.5 times the
current level) over an extendad time frame to rehabilitate the province of Ontario’s
watermains and related services. The replacement vafue of the water system in the
province is estimated to be $20 biilion (TRIP/CANADA, 1987). Similar studies have been
done in other provinces.

The Federation of Canadian Municipalities (FCM) sent a questionnaire to member
municipalities across Canada, some 300 in total. Of the 33 Canadian cities with
populations of more than 100 000, twenty responded to the questionnaire, including eight
with populations over 400 000. The population of the 71 responses (8.8 million)
represents aimost 50% of the nation's cities over 10 000 persons. The questionnaire
method is albeit a crude manner to determine "needs" but the results nevertheless
illustrate that a prbblem of significant proportions exists in Canada. The total cost to
upgrade their infrastructure {sewage collection treatment, water disfribution and treatment
of roads and bridges) is estimated tc be approximately $20 billion dollars in current dollars
(Federation of Canadian Municipalities, 1985). This has been referred to by the Mayor
of Edmonton as the “BIG FIX"'.

The Transportation Association of Canada (TAC), in a paper (TAC, September 1987)
indicated that to maintain assets at an acceptable leve! of service (without allowing for
growth in demand), would require annual expenditures in the order of $8 billion. In 1983,
expenditures were in the order of $6.5 billion, i.e., a shorifall of $1.5 billion annually. (t
has been estimatud by TAC that the toial value of federal, provincial and municipal roads
is in the order of $200 billion dollars. Parks Canada as another example has
approximately $3 billion in infrastructure assets, 1/3 of which are roads.




-7-

Stated in a different manner public works capital investment as a portion of the gross
nationatl prod cr dropped from 4.1 percent in 1965 to 2.3 perce tin 1977. In the Province
of Ontario, the Ministry of Transportation of Ontario (MTO) has consistently spent less on
“roads” relative to the total provincial budget (see Figure 1.3).

FIGURE 1.3
TOTAL MTC BUDGETARY EXPENDITURES
AS A PER CENT OF TOTAL
PROVINCIAL BUDGETARY EXPENDITURES
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Source: Ministry of Transportation and Communications, Ontario (1987),
“Public Accounts”, Toronto
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A recent gallup poll suggests Canadians would be willing to pay $10/week towacds better
environmental controls. This is not reflected in a recent survey of sewage treatment
plants in Ontario where fully 37% of treatment plants ars in non-compliance with provincial
standards. See Table 1.2.
TABLE 1.2
1987 NON-COMPLIANCE SUMMARY FOR
SEWAGE TREATMENT PLANTS (S.T.P.,)
IN THE PROVINCE OF ONTARIO

Total Number
Number of One or
of S.TPs More
Region S.T.Ps Assessed Parameters *BOD *SS TP
Southwest 104 100 47 3 22 31
West Centrai 56 53 24 2 6 19
Central 76 68 22 1 2 20
Southeast 67 63 25 5 15 18
Northeast 82 63 16 4 6 10
Northwest 27 24 4 2 2 2

Total (1987) 412 371 138 17 53 100
(37%) (5%)  (14%) (27%)

1986 407 362 151 18 47 126

(42%) (5%) (13%) (35%)
. T S S S

The figures within the parentheses are the percentages of the parameter as compared to
plants assessed.

* Suspended Soiids and BOD are assessed on an annual basis. Total Phosphorus is
assessed on a monthly basis; one or more months out of compliance means the plant
is out of compliance for the year.




-9.

It has also been suggested that perhaps governments cannor afford the present
infrastructure. That urban transport and maintenance of facilities play a major role in the
economic efficiency of cities is evident trom the very high economic rates of return that
have been achieved mainly from the considerable savings and the reduction in vehicle
operating costs. Estimated rates of return have been high for all types of urban projects
but particularly for urban transport projecte as is evident from Table 1.3. Unfortunatsly the
same type of rigorous economic cost benefit analysis is not performed for a majority of
urban Canadian transport projects. It is not expected that rates of return for domestic
projects would be as high.

TABLE 13
AVERAGE ECONOMIC RATE OF RETURN
FOR URBAN TRANSPORT PROJECTS

1973-1981

Fiscal Rate of Number of
_Year_ Return Projects
1973 370 1
1974 19.5 2
1975 0 0
1976 30.0 1
1977 28.0 1
1978 34.0 2
1979 28.0 1
1980 23.0 1
1981 50.0 1

Source: Urban Transport, A World Bank Policy Study (World Bank, 1986)

There is, therefore, an international, national, provincial and municipal problem of
distressing proportions in managing infrastructure. It is apparent that policies and
practices that have guided our infrastructure investments of past decades are inadequate
to meet the needs of a new century. It has reached a point when a new vision and new
directions for infrastructure investments are vitally needed.




The reluctance or inability to incur capital debt may give a misleading impression of the
true fiscal conditions of local governments. |[f capital and repairs are neglected, the
general budget may understate the community’s real obligation. An accurate
determination of the economic well being ot local government cannot be made unless
information about the status ot the infrastructure and the effectiveness of tha capital
maintenance system is included in the financial statement.

There are both sho:t term and tong term measures of fiscal distress. An indicator of short
tarm distress is a government’s ability to balance its current budget, that is its ability to
pay for a basic package of public services. Long term fiscal distress can be perceived as
the long term imbalance between responsibilities and revenues.

Several studies (Grigg, 1988) have suggested the infrastructure issue is more cne of
portfolio management and that the infrastructure has to be examined in an integrated
manner.

Since local government expenditure on public facilities greatly affect both existing and
potential business prospects, failure to maintain and/or expand capital infrastructure could
curtail the economic vitality and growth of a community.

Research Objectives

The objectives of this thesis are: (1) to define issues in the management of infrastructure,
including the need to view the worth of infrastructure as an asset, (2) to describe a
methodology for establishing the funding level required for supporting strategies and
programs illustrating the methodology with case studies, and (3) to report the concept of
resource allocation under conditions of intersectoral confiict.
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Methodology Framework

Recognizing the need for a systematic process and methodologies for bringing about
improvements, this research study was undertaken as iliustrated in Figure 1.4.

Following the definition of infrastructure, defining the issues related to infrastructure and
its importance to the national economy, a study of management practices in selected
regional and local governments was undertaken. These local and regional governments
were:

. City of Vancouver

. City of Edmonton

. City of Winnipeg

City of Toronto
. City of Ottawa
. City of Gloucester

Regiona! Municipality of Ottawa-Carleton
National Capital Commission

The study of asset management practices is a contribution to knowledge in the
infrastructure fiuid since little prior research has taken place on this topic.

The main focus of this research is the development of an infrastructure recapitatization
model, and verification and testing of the model in real applications of a diverse nature.
As a further development of methodology, an equilibrium model is postulated. A review
of other depreciation methodologies is also discussed.

A master framework, which includes the budget and program cycles, is discussed using
the modeis developed.

An application of the recapitalization model to the City of Lindsay is presented and
discussed.

Conclusions and recommendations highlight the findings of this research designed to dea!
with a multi-discipline and complex problem.



FIGURE 1.4
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Thesis Organization

Chaptar 1 defines what we mean by municipal infrastructure and discusses the importance
of infrastructure in the economy as a whole. Examples of the sums of money required to
rehabilitate the infrastructure at the international, nationat and local level, are provided to
illustrate the magnitude of the problem.

Chapter 2 investigates the current management and budgeting practices in several
Canadian Cities.

Chapter 3 suggests recapitalization and equilibrium formulae which would provide the
minimum funding amounts to maintain our infrastructure to sustainable levels. Examples
of the utility of the formulas are provided at the international, national and local
government levels.

Chapter 4 describes the program cycle and a budgeting framework which suggests the
use of AM/IFM/GIS software and incorporates the recapitalization and equilibrium
equations into the decision-making process.

Chapter 5 presents conclusions and recommendations as a result of the research
undertaken for this thesis. Following the list of references, are worked examples for a

typical city.






