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EVALUATION AND IMPLEMENTATION OF

URBAN DRAINAGE AND FLOOD CONTROL PROJECTS

Summary of Report

Drainage and flood control problems in an urban region are a direct
result of human interference with normal drainage patterns. In a growing
metropolitan area, the thrust of drainage solutions should be in two
basic directions, prevention and remedial works.

Preventive activities take the form of flood plain management to-
gether with good planning. As rural areas urbanize, flood plains can
be developed in such a manner so as to preclude or minimize future damages
and problems from flooding. Also, as urbanization proceeds, adequate
local drainage should be provided along with streets, roads, schools,
parks and other public facilities, consistent with wise levels of
public investment.

Situations that require remedial action are those where flood plains
have been improperly occupied and developed and where local drainage
problems have not been adequately considered and handled. In these
cases, positive steps are needed, usually by a public agency, to remove
the hazard or alleviate the inconvenience caused by flooding.

Drainage and flood control activities can be placed into structural
and non-structural cafegories. Structural activities incorporate both‘
preventive and remedial categories and include installation of storm
sewers, culverts, inlets, adequate curb- and gutter, channelization and
detention facilities. Non-structural activities also overlap both pre-
ventive and remedial functions and include flood plain management

(preventive), flood plain warning (remedial), and flood insurance (remedial).



Structural activities relating to urban drainage and flood control
(UDEC) provide a servdce for the improvement of living conditions in
urban areas. As a service, it provides for three types of needs:

(1) the need for flood damage mitigation and protection; (2) the need

for rapid drainage of public facilities for the basic purpose of con-
venience; and (3) the need for environmental management such as cleansing
of streets and washing away collected dust and pollutants.

Urban drainage and flood control activities require an assessment
of the benefits derived by those being relieved of potential flood
damages. In many situations, urban storm drainage needs become urgent
because of the advancing urbanization of an area. Sometimes the direct
beneficiaries are those who are relieved of potential flood damages
while, at the same time, advancing urbanization is the culprit. The
service concept recognizes the fact that a drainage system accommodates
additional stormwater generated by urbanization. The service concept is
important in the identification of the full range of drainage and flood
control benefits and beneficiaries.

Urban Drainage and Flood Control must compete with other urban
programs for funding from the limited public purse. It is important to
be able to describe and enunciate all of the benefits that these projects
provide so that they can compete for funding. This is only one of the
evaluation-related problems that confront the public works manager
responsible for urban drainage and flopd control. Other types of evalua-
tion problems are: the determination of the merit of individual projects,
the ranking of competing UDFC projects to determine priorities, the
determination of optimal investment timing and the determination of the

incidence of costs and benefits on different population sectors so that



project costs can be equitably apportioned.

Benefit-cost analyses of UDFC projects can be useful in all of the
above situations. The design of such a study must, however, be specified
according to the ultimate use of the output of the study. The term
"Benefit-Cost Analysis' (BCA) as applied to UDFC projects, must be
viewed as wider than the traditional BCA which recognized only economic
efficiency as a viable benefit. Benefits and costs should be normally
considered in the four categories recommended recently by the U. S. Water
Resources Council: economic efficiency, regional development, environ-
mental impact, and social benefits. In the case of UDFC projects, the
latter may well be the most significant, particularly in the case of the
so-called minor type of project. UDFC systems must be distinguished into
minor or major systems, both for implementation purposes and for
benefit-cost studies because public benefits differ considerably between
the two types of systems.

The state-of-the-art of conducting benefit-cost studies for urban
drainage and flood control projects is not far advanced. The distinctiqn
between minor and major projects has only recently received wide accep-
tance. The evaluation problem is plagued by our inability to quantify
indirect, secondary and intangible benefits associated with UDFC projects.
In the case of the major flood control project, attention has mostly
been focused on the potential reduction in flood damages associated with
such'projects. This attention is probably due to the visibility of
flood damages after severe floods as well as the availability of data
for quantifying such benefits. It was found during this study, however,
that the state-of-the-art of estimating damage benefits is rather primi-

tive and there currently exists a wide latitude in the practices of



agencies in making such estimates. At the local level, little estimating
data is available to conduct this type of study.

For minor urban drainage and flood control projects, it is normally
not feasible to carry out a detailed Benefit-Cost Analysis because of the
intangible nature of the predominant benefits. An analysis such as the
type recommended by the Water Resources Council (displaying benefits and
costs in a set of accounts) may be feasible. This has not yet been demon-
strated for local drainage, however. This does not mean that drainage
engineers are behind the times because such analyses have not yet been
demonstrated for many public programs at the local level. This is pri-
marily because of the difficulty in quantifying and even identifying
benefits.

In all types of Benefit-Cost Analyses, it is importanf to identify
the recipients of benefits by population sector so that project costs
can be equitably apportioned. This type of Ancldence analysis must be
included as part of a viable BCA.

A methodology for the analysis of benefits and costs of UDFC pro-
jects is presented in this report. The purpose of presenting this
_ methodology is to identify the state-of-the-art of performing such
analyses, to present the necessary data to complete the analysis and to
present the methodology before the profession to solicit comments on its
usefulness. The initial methodology is basically limited to a considera-
tion of direct benefits resulting from flood damage reduction although
plans are to extend the methodology considerably in the future. Esti-
mating curves for flood damage reduction are presented for certain
classes of residential structures as an aid to the analyst.

This methodology is not presented as a complete solution to the

problem but rather a tool for the analyst, something that he can display
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before the decisionmaker to increase the amount of information available.
In order to present a complete or comprehensive benefit-cost methodology,
all types of costs and benefits as well as incidence analyses should

be presented.

The state-of-the-art of quantifying intangible benefits is not
advanced to the point yet where these benefits can be consistently
quantified for UDFC projects.

The important questions of finance, politics and the legal aspects
of implementation must not be neglected. Although this report does
not address specifically techniques for funding UDFC projects, this is
recognized as a problem area closely associated with Benefit-Cost Analy-
sis. The report describes the traditional methods of financing UDFC
projects and comments on the usability of BCA to assist in the financing
process. Concerning legal aspects of implementation, there are a number
of problems associated with defining and identifying benefits so that
assessments can be made for financing projects. This problem has not
been solved but the report identifies the state-of-the-art of establishing
benefits so that additional investigation can be conducted.

All public programs such as public safety, water supply, library
services, urban drainage and flood control and others should be sub-
jected to the type of analysis presented here to identify precisely the
benefits from expenditures of public funds and the recipients of the
benefits. Only when this type of information is displayed'for thé
decisionmakers can the political process of public participation insure
the most acceptable allocation of public dollars. By advancing the
state-of-the-art of Benefit-Cost Analysis for UDFC projects, we also

are advancing toward unveiling benefits from other public programs.



In that sense, the work reported in this report is a contribution to the
field of public sector productivity and a usable management tool for
public works and urban administrators concerned with making the best

use of public funds.



" EVALUATION AND IMPLEMENTATION OF
URBAN DRAINAGE AND FLOOD CONTROL PROJECTS

By Neil S. Grigg, Leonard Rice, Leslie H. Botham and W. J. Shoemaker
Abstract

Urban drainage and flood control (UDFC) systems provide a service
to urban areas with three basic components; flood control, convenience
drainage and environmental sanitation. This service is one of many pro-
vided by local government and must compete for public funding with other
more visible programs such as education, transportation and public
safety. The evaluation problem for UDFC arises when the merit of in-
dividual UDFC systems must be determined, when competing UDFC projects
must be ranked, when optimal investment timing is sought and when the
incidence of UDFC benefits and costs must be known. The results of all
of these evaluations affect the funding of the UDFC sector, in competi-
tion with other public programs. UDFC systems are normally identified
as minox or major in character, the former providing for the drainage
of frequent runoff events, the latter providing for the rarer runoff
events. The major UDFC system normally provides substantial flood
damage reduction benefits while the minor system provides intangible
benefits. An interim methodology for evaluating major UDFC projects is
presented. It considers mostly flood damage benefits because limited
data on them is available. Planned extension of the methodology will
incorporate more formally intangible and indirect benefits. Because of
the legal problems associated with identifying and quantifying benefits
a state-of-the-art survey on the legal basis for establishing benefits

is presented. It contributes to the difficult area of financing and



implementation, necessary if UDFC are to be ultimately provided where
they are needed. Economic evaluation procedures must furnish the infor-
mation needed for financing and implementation or they are only an

academic exercise.



CHAPTER I

INTRODUCTION

Drainage and flood control problems in an urban region are a direct
result of human interference with normal drainage patterns. In a
growing metropolitan area, the thrust of drainage solutions should be in
two basic directions, prevention and remedial works.

Preventive activities take the form of flood plain management to-
gether with good planning. As rural areas urbanize, flood plains can be
developed in such a manner so as to preclude or minimize future damages
and problems from flooding. Also, as development takes place, adequate
local drainage should be provided along with streets, roads, schools,
parks and other public amenities, a function of good planning and imple-
mentation.

Situations that require remedial action are those where flood plains
have been occupied and poorly developed and where local drainage problems
have not been adequately considered and handled. In these cases, posi-
tive steps are needed, usually by a public agency, to remove the hazard
or alleviate the inconvenience caused by flooding.

Drainage and flood control activities can be placed into structural
and non-structural categories. Structural activities incorporate both
preventive and remedial categories and inélude installation of storm
sewers, culverts, inlets, adequate curb and gutter, channelization and
detention facilities. Non-structural activities also overlap both pre-
ventive and remedial functions and include flood plain management (pre-

ventive), flood plain warning (remedial), and flood insurance (remedial).



Many of the structural activities relating to urban drainage and
flood control (UDFC) constitute a service provided to improve living
conditions in urban areas. As a service, it provides three types of
needs: (1) the need for flood damage mitigation and protection; (2) the
need for rapid drainage of public facilities for the basic purpose of
convenience; and (3) the need for environmental management such as
cleansing of streets and washing away collected dust and pollutants.

Remedial structural drainage and flood control activities require
an assessment of the benefits derived by those being relieved of poten-
tial flood damages. In many situations, urban storm drainage needs
become urgent because of the advancing urbanization of an area. Some-
times the direct beneficiaries are those who are relieved of potential
flood damages while, at the same time, urbanization is the culprit.

The service concept recognizes the fact that a drainage system accommo-
dates additional stormwater generated by urbanization. The service
concept is important in the jdentification of the full range of drainage
and flood control benefits and beneficiaries.

Multi-purpose use of urban drainage and flood control projects
often provides additional benefits. For example, effective regulation
of flood plains encourages compatible uses such as parks, recreation areas
and farming, providing open space in urban areas. Flood plain regulation
does not prevent flood plain development, but encourages wise use.
Streams and gulches traversing urban areas can be developed by the public
to not only carry flood waters, but to provide recreational facilities
and transportation corridors as well. Other multi-purpose considerations
include pollution control, reduction of traffic disruption, access

control for emergency vehicles, and erosion reduction.
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This report basically focuses on the question of evaluation
financing, and implementation of urban drainage and flood control pro-
jects. The question of evaluation is discussed in terms of benefits
and costs, even though many of these cannot yet be quantified. Finan-
cing and implementation are covered insofar as they are related to the
results of the evaluation process.

The report is addressed primarily to the remedial structural
category of urban drainage and flood control problems and to cases
where the investment of public funds is a feasible solution. This
limitation of scope is not intended as an indication of priorities, but
is necessitated by the step-by-step approach of the research and the
limited time and funds available for the effort. Preventive, non-
structural approaches can also be evaluated using the same techniques,
but‘the analyst must be extremely careful as he considers these approaches
because they require detailed consideration of local priorities, pro-
jections of future growth patterns and the incidence of costs and
benefits on local citizens. These considerations should be included in
evaluation reports as guides to decisionmakers. The analyst must be
careful not to distort benefits and costs or to improperly assume local
priorities when undertaking this type of evaluation.

This report presents interim findings because the research is still
underway. The material presented herein provides a broad approach to
UDFC projects and represents a beginning step into the important problem
area of evaluating, financing and implementation. Follow-on research
will provide additional means for evaluation of the full range of UDFC

projects.
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Scope of the Report

The problem of evaluating urban drainage and flood control projects
is familiar to engineers in the public sector. Public works managers
are faced with the problems of securing funds for UDFC projects, which
requires that project benefits be clearly enunciated and defined. There
is strong competition for public funds with other urban needs such as
transportation, parks, hospitals, welfare, and schools, and clear
definition of project benefits will assist in the competition for pro-
ject funds. Once public funds are obtained for a project, it is the
responsibility of the public works manager to make best use of the funds
obtained. Again, a comprehensive identification of costs and benefits
can assist in the development of a best solution for the funds available
or for the objective in mind.

The decisionmaking process for urban drainage and flood control
projects has both political and economic-technical aspects. Basic
decisions with regard to public projects are made in the political pro-
cess, but the political process depends heavily on sound economic and
technical input. Economic and technical analysis can provide information
as to the best use of the public dollar to the extent that public goals
and benefits can be quantified. Economic and technical analyses provide
input to legislative bodies, who make the decisions that are necessary
for implementation.

Economic considerations utilize primarily the traditional sysiems
analysis process. Technical considerations insure that sound solutions
are being evaluated. The political process is not nearly as well
defined as the economic and technical processes. The economic analysis

is emphasized in this report and the presentation should be helpful in
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the economic evaluation of drainage and flood control projects and for
providing inputs to the political process as well.

Urban drainage and flood control structural activities are first
classified into the following components according to type of service
rendered such as: (1) flood protection, (2) drainage, and (3) environ-
mental management. Public benefits and costs associated with each type
of service and details of the current state-of-the-art of quantifying
these benefits and costs are discussed. Because direct benefits
(mostly associated with flood damage reduction) have the longest history
of quantification, data is presented for use in estimating these benefits.
It was found that the analyst of direct benefits is not currently well
understood because data has previously not been widely available.

The inclusion of indirect and intangible benefits is discussed and
pertinent literature is referenced to aid in the understanding of these
benefits so they can be considered in the evaluation process. Follow-on
research is planned that will develop a formal methodology for considering
these indirect and intangible benefits.

An interim methodology for evaluating direct costs and benefits of
urban drainage and flood control projects is presented in Chapter III.

It is intended that this methodology receive extensive review, leading
to substantial improvements in the next phase of the research effort.

The problem of incidence of benefits and costs is also considered.
Incidence relates to the question of who pays and who benefits.
Suggestions are made for including answers to the problem of incidence
in the benefit-cost analysis process. Ideally, the result of a benefit-
cost analysis should yield total benefits and costs for each population

group affected by a project. Net benefits could then be displayed in an
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aggregate fashion for economic efficiency effects, and in a segregated
fashion for distributional effects pertaining to each group. Environ-
mental and social costs and benefits could be included.

Finally, the report covers a number of legal questions associated
with the project implementation and financing. There are a number of
hurdles to be overcome in this area and the discussion seeks to highlight
these problems in the interest of identifying the hurdles so that imple-
mentation can be facilitated.

There have been several working papers prepared under this project.
They are listed as references at the end of this chapter. Recent acti-
vities of the Urban Water Resources Research Council of the American
Society of Civil Engineers (ASCE), together with efforts of several
individuals have resulted in a number of research and applied publica-
tions regarding urban drainage and flood control. An early comprehensive
work was the report by the American Public Works Association (APWA) in
1966 entitled, 'Urban Drainage Practices, Procedures, and Needs" [2].
This report, prepared under the guidance of the APWA Urban Drainage
Committee contains ninéteen suggestions for research needs. Of these,
some ten are directly concerned with methods of implementing and finan-
cing urban drainage and flood control projects, an important problem
area for the public works official. For access to the list of ASCE
Urban Drainage publications, see [1]. The Urban Drainage and Flood
Control District helped sponsor a comprehensive UDFC Criteria Manual
which has been widely adopted [4]. Also, a recent comprehensive study
sponsored by the Denver Regional Council of Governments has produced

some useful UDFC reports [3].
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CHAPTER II

DIMENSIONS OF THE UDFC IMPLEMENTATION PROBLEM

Urbanization, or the organization of people into human settle-

ments, creates a demand for all types of services. Some of these
services are furnished privately, through the market system, and
some are furnished by the public sector. There is strong pressure
that equal services should be provided all citizens regardless of
their income level. There is also strong pressure toward the con-
flicting goal that services should be provided to the extent that
users are able to pay for them.

In cities, urban governments 'provide a host of tangible and in-
tangible services. They regulate, tax, and subsidize in order to
facilitate the efficient performance of firms and households as well
as to achieve certain socially desirable objectives.'" Following the
basic classification scheme of Hirsch, tangible urban public services
can be placed into the categories shown on Table II-1 which provides
six service categories, two of which include elements of urban drainage
and flood control [11].

Urban drainage and flood control (UDFC) really encompasses several
services. As pointed out by Jones [15], the urban drainage system has
two cémponents, a minckr system which provides for the drainage of fre-
quent runoff events, and a major system which accommodates the rarer,
more severe events. From this basic distinction, two functions can be
seen for UDFC which fit into the framework of Table II-1, a protection

from natural hazards (flood control), and management of urban runoff,

(an environmental management service) the latter providing a drainage
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II.

III.

IV.

VI.

Table II-1. Major Tangible Urban Public Services

Protection Services:

Criminal justice system

Fire protection and damage mitigation

Natural hazard protection and damage mitigation
(Floods, earthquakes, windstorms, etc.)

Human Resources Development Services:

Education

Parks and recreation
Cultural activities
Health

Welfare

Environmental Management Services:

Management of urban runoff (Quality and Quantity)

Control and management of wastewater (Quality and Quantity)
Water quality management (Local ground and surface waters)
Air quality management

Solid waste management

Utility Services:
Water supply
Energy delivery
Communications

Transportation Services:

Mass transit management
Management of streets, bikeways and walkways

General Governmental Services:
Administration
Budget control

Executive
Legislative

17



and a sanitation function. This distinction is important because
when proposed UDFC projects are being evaluated, it must be shown
that anticipated benefits exceed costs. The benefits from natural
hazard protection clearly will be distinct from those provided as
an environmental management service, and should be counted up separately.
The environmental management services provided by urban drainage
systems have formerly included only consideration of runoff quantity
but, as pointed out several years ago by the ASCE Urban Water Resources
Research Council [1], and more recently by Condon [5], quality aspects
are crucial, especially in advanced stages of urbanization. This
report is basically concerned only with quantity but the role of UDFC
projects in quality management must soon be recognized. As of now,
urban drainage systems do not usually contain provisions for control
and treatment of stormwater. This is expected to change rapidly,

however.

Types of Evaluation Problems

There are really two general types of evaluation problems; those
for personal use and those leading to arguments for convincing others.
Problems related to UDFC fall into both of these categories, but it
is convenient to assume that they are all of the latter type such that
information remains completely objective.

The life cycle of an urban drainage and flood control (UDEC)
project extends from the first perception of a need through planning,
programming, budgeting, design, construction and operation. If the
project completes this cycle it will have cleared many socio~political,

technical and economic hurdles. The project should not reach the
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budgeting stage if it does not:
1. Satisfy needs of a group of citizens and
2. Accomplish this in a sufficient manner to warrent
funding from a limited financial resource base. That
is to say, the project must win the right to be funded
in a complex evaluation process.
In order to gather information needed for this complex evaluation

process three hierarchies of information are needed:

1. The bperational goais and objectives of the UDFC system.
(To be distinguished from general, Bréad;urban goals).
e.g., '"To provide adequate drainage for minor runoff
eveﬁts (say 2-year frequency) at minimum annual co;t."
Of‘;ourse, the selection of such an operational goal
should bé subject to a tradeoff.analysis after the cost
of achieving the goal is known.
2. The measures of effectiveness needed to determine.the
.extent to:which .alternative projects meet the above goals.
(Costs and Benefits).
3.. The coefficients and ranking scales needed to arrange
the measures of effectiveness into a decisién-making oxder.
In the analeis of UDFC projects, several distinct evaluation éub—
problems appear. A good systems analysis or planning process will begin
with establishment of objectives and measures of effectiveness, move
into formulation of alternative solutions, evaluation and tradeoff
analysis, and finish with a selection or decision stage. The use of

this procedure depends on the stage of planning or implementation,
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however, and the requirements for evaluation will differ accordingly.
A useful framework for evaluation and implementation strategy formu-
lation is the Planning-Programming-Budgeting System (PPBS), which seeks
to tie planning with implementation more closely, a problem throughout
the public sector. Use of PPB Systems in urban governments has recently
become of heightened interest because of the need to improve the return
from public expenditures. A recent example of the use of PPBS was in
the City of New York under the Lindsay administration. In this context,
the intent was to use PPBS to ensure that "...decisions involving the
allocation of resources were to be made only after the review of explicit
statements of agency objectives, or at least crude analysis of alter-
native programs for meeting those objectives, and of detailed estimates
of the relative costs and benefits of those programs [21].

Using PPBS as a framework, the following types of UDFC evaluation
problems are readily apparent:

1. Planning Stage

How to determine the merit of individual projects in
order to determine if and the conditions under which they
should be implemented. In some cases, projects which
passed evaluation in this stage would be shown on a
master plan. This is sometimes called the progiam
evaluation study [11].

2. Programming Stage

How to rank competing UDFC projects to determine priori-
ties, optimum investment timing and desirable sequences
of implementation. These are sometimes called Anten-

progham comparison situdies [11].

20



3. Budgeting Stage

How to objectiveiy but competitively display Zotal
public benefits of UDFC projects to ensure adequate
funding for UDFC in the annual urban budgeting process.
How to determine and quantify benefits by incidence on
different population sectors in order to equitably
apportion project costs between and within public and
private entities. The latter are sometimes called Lnfer-

group comparnison studies [11].

Elements of the Evaluation Problem

In the economic approach to decisionmaking, the basic problem
is to select an alternative plan which best meets the goal of a
particular program. In using economic tools it is important to
display alternatives in a fashion such that they can be readily
compared. This is a difficult conceptual and analytical problem.
Tolley [22] lists six classes of alternatives which are experienced
in flood control planning. These all represent options for decision-
makers which should be considered. Table II-2 gives the classes of
alternatives presented by Tolley with some illustrations of UDFC
choices that fit his framework.

The U. S. Water Resources Council (WRC) recently undertook a
comprehensive study of planning and evaluation procedures for water
resources projects [9,23] . In preparing this document, they made
a detailed analysis of evaluation techniques including the use of the
traditional benefit-cost ratio. The evaluation technique they

selected does not display benefit-cost ratios but presents the same
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Table II-2. Classes of UDFC Alternatives

Class of Alternative

Alternatives of Objective

Engineering Alternatives

Management Alternatives

Institutional Alternatives

Timing and Size Alternatives

Location Alternatives

22

UDFC Application

Provide 1, 2, 5, 10, 50 or 100
year protection? Provide drainage
in all of city or only in selected
portions? etc.

Structural or non-structural pro-
grams? Pipes, channels, culverts,
bridges, detention basins or other?

Automatic Control? Diversions?
Transbasin transfers? Upstream
land management? Early warning
systems? Zoning?

Mostly a political problem.
Includes local or multijuris-
dictional solutions, financing, etc.

Best staging of construction and
implementation. Distribution of
sizes of facilities.

Location and configuration of UDFC
facility network.



information in a set of accounts. A summary of the implications of
this procedure was recently given by the Director, USWRC, and is

reproduced below [9].
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"What is the major significance of the revised Principles
and Standurds jor planning water and related resources?

They place environmental concerns on a basis equal
to economic development. This allows planners to truly
recognize the environmental tradeotts in resource plan-

In addition to considering those objectives, the con-
sideration of adverse and beneficial effects of regional
development and social well being recognizes other
aspects of water resource planning. The display of four
accounts—national economic development, environ-
mental quality, regional development and social well be-
ing—gives the Congress and others an opportunity to
evaluate fully the projccted effects and tradeoffs of
alternative plans. .

As the Principles and Standards are written now. for-
mulation of alternative plans will be based on national
economic development and environmental quality ob-
jectives. Basically a recommended plan must have net
economic development benetits except where the
deficiency in net benefit results from bencfits foregone or
additional costs incurred to serve the environmental
quality objective. In other words, a plan with no net eco-
nomic benefit could be recommended if it has overriding
long-term environmental benefits. -

Also there is a provision of the Principles that says a
departmental secretary or agency head may make an ex-
ception to the net economic benetit rule if he determines
that the circumstances unique to the planning and for-
mulation processcs warrant an exception. What this
means is that under unusual circumstances it is possible
to go forward with a plan that does not have net benefits
under either of the objectives. Obviously, the economic
development and environmentat quality objectives make
up the ificant accounts: however, beneficial and ad-
verse effects on regional development and social well be-
ing will be displayed where appropriate to give further
assistance to the decision maker.

What effect will the new Principles and Standards have on’
the public’s role?

The initial impact insofar as the public is concerned
will relate to identitving and specitying the issues to at-
tin the objactives carly in the planning processes. The
plan formulation requires that public participation be
sought early and continually throughout the process.
There will be at least two alternative plans formulated;
one a plan that best optimizes contributions to the na-
tional economic development objective and one that best
serves the environmental objective. Other plans con-
tributing to the objectives will then be formulated to de-
velep the bulance of opumum resource use. The public
will have a very direct and strong input in scleciing that
balance.’

Under the new Principles and Standards the public
can participate on the basis that there are altcrnatives to
react to. Previously, with the national economic de-
velopment approach. there was just the one type of plan
and the reaction was limited to “take it or leave it.” With
a number of alternatives expressing the concerns of dif-
ferent groups that have special interests as well as the
public in general. a greater incentive to participate will
be generated. | might just add, though, that in this matter
of alternative planning. there could be cases where an
agency could come up with just one plan. In other words,
where there are no conflicts and the plan is busically for
a single purpose. there may be no logical alternative.
This would be considered an exception.

In carrying out the Principles and Standards some
flexibility is called for on the part of the planners and
agengies in working with the public. Critical items in this
planning process include that of agencies working with
the public in actually screening out alterndtives at an
early date, and then displaying and arraying the final
pian. In this manner the public will certainly have an
early voice in the matter of initiating the particular steps
that will be wwken in coming up with alteraative plans.

Al principal agencies have been developing guide-
lines and procedures for public participation. In ‘my
estimation, the Corps of Engineers has gone a>put as far
as anybody with its “fish bowl™ type of planning. I can
perceive that with this new approach to planning there
will be refinements in agency efforts to obtain
meaningful and significant public participation.

Will shere be an attempt to set common values on non-
monetary measurements? :

The new Principles and Standards provide that
‘measurements will be in quantitative or qualitative terms®
appropriate to the definition of the component becing
evaluated. It is not envisioned that we would try to have
common value units. There have been, however, various
ev‘aluatic\n systems which have been developed and are
going through the process of refinement. A great deal of
work has been done on methods of documenting non-
monetary effects, however, there is not a precise system
available at the present time. [ can foresee that im-
plementation of these Principles and Standards will
stimulate progress towards defining positive ways of
identifying cffects in a descriptive way. . :

In the past the decision maker, which has been
Congress or the Exccutive Branch, could determine to
support or not support a particular project based on the
simplicity of the benefit-cost ratio. Under this new ap-
proach a benefit-cost ratio will not be displayed. On the
other hand, Congressmen and others will have a full ac-
counting of the cffects of a project to assist in their
decision making. "[9], . : '

SYSTEM OF ACCCUNTS
BENEFICIAL ADVERSE
ACCOUNT EFFECTS EFFECTS | NET BENEFITS
. Mational Ecoromic
Developmant
Envircamental
. Quality - .
Social Welt Being
Regioasl )
Development
Pegion t
Region2
Rast of Nation
PLAN EFFECTS N.E.D. OBJECTIVE
BENEFICIAL ADVERSE NET
ncreased Output Resourcas Required Etfects Can
Be Netted .
Externalities Externalitias
PLAN EFFECTS E.Q. OBJECTIVES
BENEFICIAL ADVERSE NET
PROTECT AND IMPROVE DEs‘rRO\'v MATURAL BEAUTY GENERALLY

NATURAL BEAUTY EFFECTS CAN

NOT BE NETTED
PRESEAVE NATURAL AND
CULTURAL SITES AND
ECOLOGICAL SYSTEMS

DESTROY NATURAL AND
CULTURAL SITES AND
ECOLCTICAL SYSTEMS

WPROVE QUALITY OF
WATER, LAYO AND MR

REDUCE QUALITY OF WATER,
LAMD AND AR
EROSION CONTROL INCREASEO EROSION
. . .
PRESEAVE FREEDOM OF IRREVERSIOLE COMMITMENT
CHOICE CONCERNING PRECLULING FUTUHE CHOICE
IRRUVEHSICLE EFFECTS Of USE




The selection of the set of accounts does not rule out the use of
Benefit-Cost Analysis (BCA). Actually, the use of the WRC procedure is
a form of BCA in that total benefits and costs are displayed, broken
into categories rather than aggregated together.

Benefit-Cost Analysis (BCA) actually began as a tool for the
economic evaluation of water resources projects, mandated by the Flood
Control Act of 1936. Since that period, a large critical literature
of BCA has arisen and a number of shortcomings have been identified.

An excellent review of BCA has recently been published by Prest and
Turvey [17] while the books by Howe [12] and James and Lee [14] demon-
strated its applicability to water resources problems. BCA really only
addresses economic efficiency in its original form, going back to the
1936 Act where it was required that project benefits exceed cost regard-
less of who they accrued to. Now that decisionmakers are more concerned
about environment, about equity and about social objectives, the direct
use of BCA is more limited but by using techniques such as the WRC
accounts, BCA can be extended. Benefit-cost analysis can be a "...po-
tentially valuable contribution to decisionmaking in the public sector,"
but that "...the results of (BCA) should not be believed merely because
they come from an analysis...Benefit-Cost Analysis does not guarantee
good answers. At its best, it should provide logical ground rules for

constructive debate on the real issues." [8].

Minor and Major Drainage Systems

Considering the control of runoff quantity only and using Jone's
terminology of minox and majorn systems [15], the difference between the
two systems can be shown in a definitive fashion. Consider a typical

small urban catchment where drainage is basically tributary to a local
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street (Figure II-la). If there is no storm sewer all flow will be
carried in the street itself, which will act as a channef as shown on
Figure II-1b. If depth of flow is measured from the gutter flow line,

a depth-frequency curve for annual maxima can be developed for each
street section (Figure II-2). The methodology for development of this
curve is a subject of controversy among urban hydrologists because of

a number of unresolved problems, but for the purpose of this discussion
it is convenient to assume that the relationship has been established.
Figures II-1b and II-2 show two basic depths; depth "A" reflects a minoa
flow which is contained within the gutter itself whereas depth 'B'" shows
the entire street flooded, up to the building line. On Figure II-2,
depths A and B are shown as about one and 100 year flows respectively,
but this is only a hypothetical example.

For an actual case, the relationship shown on Figure II-2 might
turn out to fit some prescribed probability distribution such as, for
example, log-normal. If the corresponding probability density function
is drawn, the relationship shown in Figure II-3 results. If a depth is
selected on the abcissa of Figure II-3 (such as depth B), the area
under the curve to the right of the depth represents the probability
that, in a given year, the depth will be exceeded (exceedance probability).
Because of the typical skewed shape of this distribution, it is attrac-
tive to delineate the curve into two portions, the frequent depths and
the rare depths as shown. The exact point of division is, of course,

subject to debate.

As an attempt to show the spectrum of benefits of urban drainage
and flood control projects, and to relate them to the objectives of

the corresponding UDFC systems, Figure II-4 is presented. It shows

26



cacaca

D O OO

3

Section

~

(a) Plan (b) Section
Figure II-1. Simplified Urban Catchment with
Street Cross Section
Blbb— — — — — ————
| .
2
5 |
(O
0 |
>
3 |
8
<
< |
a
g I
A== |
| |
L! L1 .
| year 100 years

Return Period

Figure II-2. Depth-Frequency Curve

27



Probability Density

Frequent 1 Rare
Depths T Depths
I
A
I
|

B
|
|
|

Annual Maximum Depth Above Gutter

‘Figure II-3. Probability Density Function for
Annual Maximum Gutter Depth

28



s30e(oxg Toxjuo) poold pue d3eurel(
ueqI( WOIF S3ITFOUSY FO unazdeds p-11 9InITH

[siyauag ]

- —
smol 4 Jolo 9ZIS Jo8f0ud 40 wniydadg SMO| 4 JOUIl
“ " !

[04§U0D 10} popIAOId
s}08{01d |04ju0) poo|4 pup abbupig uDPqLN

29



the benefits as a spectrum in the sense that Figure II-3 showed a
spectrum of runoff events. Figures II-3 and II-4 are therefore related
through UDFC projects which would seek to control runoff events of
different frequencies. This spectrum of benefits would at first

glance, appear to be cuhulative. That is, if a UDFC project is built

to control a rare runoff event it automatically will control lesser
flows. This is not necessarily true. For example, a major runoff
project which prevents damage does not automatically provide con-
venience, although this feature can be built into the project.

Figure II-4 can be expanded somewhat into a classification of benefits

and costs from UDFC projects as shown in Table II-3.

The Problem of Repetitive Occurrences

Figure II-4 lists certain project benefits that might be experienced
each time a small flow occurred. Examples of these are increased con-
venience and reduced traffic delays. Figure II-3, a probability distri-
bution for annual maxima, provided no way to consider repetitive
occurrences of runoff events of less than one year return period. A
basic dilemma for storm drainage criteria which specifies a "2-year
design' or a ''5-year design" is how to consider this problem. It is
conceivable that two regions, one semi-arid and one humid, could have
identical depth-frequency relations such as Figure II-3, but that the
humid region could have a hundred light rainstorms for each one on the
semi-arid area and that the convenience benefit for the storm drainage

system in the humid area would be correspondingly greater.

The Problem of Intensity of Use and of Land Value

Figure II-4 shows benefits which will vary with intensity of use

of streets and with adjacent land value. Using convenience again, this
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Table II-3.

BENEFITS

I. Tangible

A. Direct

II.

Reduced flood damage to
public and private
facilities

Reduced probability of loss
of life

Land value enhancement

Indirect

Reduction in traffic delays

Reduced income, rental, sales,
and production losses

Reduced cleanup and mainten-
ance costs

Reduced emergency relief costs

Increased possibilities for

recreation opportunities

Intangible

Reduced inconvenience
Increased sense of security
Alleviation of health hazards

Improved aesthetic environment
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Inventory of Costs and Benefits of UDFC Projects

COSTS
I. Tangible
A. Direct

1I.

Construction costs

Land‘aquisition costs

Costs of non-structural
programs, including flood
plain zoning

Evacuation and emergency
program

Administration costs

Indirect

Insurance subsidy costs
Increased reconstruction costs

due to the magnitude and

extent of flood damage

Intangible

Environmental and social costs



benefit depends on the number of persons who escape inconvenience as a
result of an UDFC project. This factor is somewhat recognized in the
common practice of providing higher capacity UDFC facilities in areas
of more intensive use. Concerning land value, the increase resulting
from implementation of an UDFC project will be a function of land use.
The same UDFC project might add $100,000 to the value of property in

an affluent neighborhood while adding only $10,000 in a less affluent.

State-of-the-Art of Evaluation Capability

Current practice in many U. S. cities is to design both major and
minor UDFC systems based upon somewhat arbitrary criteria. Of course,
this is also the practice for establishing most types of environmental
quality standards. Minor systems are designed for 1, 2, 5, 10-year or
some other frequency based upon the discretion of local decisionmakers
(often with millions of dollars of construction cost at stake) whereas
major systems often point to the 100-year flow because of recent federal
pressure through the implementation of the Flood Insurance Act of 1968
and other legislation. This setting of standards reflects an implicit
weighting of benefits and costs. The setting of standards also "...states
the goals of a program, ...a measuring stick to determine the program's
progress and a basis for determining what actions should be taken by
the program" [;].

It has been common practice for public officials to basically use
minimum cost criteria in the selection of UDFC projects for implementation.
Cost minimization is a valid criteria, but it does not insure the most
cost effective use of the public dollar, particularly when social, environ-
mental and distributional effects must be considered. One of the objec-

tives of this report is to confirm the existence of other criteria and
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to document procedures for evaluating the cost effectiveness of proposed
UDFC improvements and presenting the results so that decisionmakers can
make the choice with more definitive data.

Selection between competing UDFC projects based on the minimum cost
criteria will normally opt for the project having the least cost which
provides a specified level of protection. In the systems framework,
this is equivalent to fixing effectiveness and minimizing cost. The
alternative approach is to fix cost and maximize effectiveness. The
latter would be a more economically efficient approach for UDFC projects
considering the nature of the urban budgeting process.

If an urban capital budget is allocated over the services shown on
Table II-1, urban drainage and flood control will receive some share
according to the perceived needs for UDFC expenditures. This will
depend somewhat on the evaluation process described earlier in the PPBS
stages. It may be that a city is committed to solving drainage problems
Dl’ D2,...D

N

would not begin until D

sequentially, at fixed levels of effectiveness. Project

D is completed and so on. If this is the

2 1
case, a fixed effectiveness, minimum cost solution is indicated. If,
however, the city decides to solve these drainage problems by allocating
the urban drainage budget, B, between the projects; B1 to Dl’ B2 to D2
and so on, then a fixed cost, maximum effectiveness approach is called
for. Of course, there are many complicating factors such as the all o1
nothing character of UDFC projects, the question of project timing, and

others. If the maximum effectiveness approach is used, a careful

accounting of benefits for each alternative project will be required.
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James [13] has presented a procedure for considering the level of
protection as a variable in the economic analysis by minimizing total
cost, roughly equivalent to maximizing net benefits.

In the analysis of UDFC problems, BCA per 4e is currently most
useful as a partial evaluation tool for alternative major drainage pro-
jects because the direct benefits are quantifiable. In using BCA for
this application, it is important that the display procedure for project
benefits be formulated consistently. In other words, the display of
benefit-cost information is difficult to understand and information
should be presented in a clear fashion. Different types of benefits
should not be quantified and mixed together when they are based on sub-

jective criteria or if the quantification procedure is questionable.

Evaluation of Major UDFC Projects

| The most visible UDFC problems are those associated with the major
drainage system. These problems sometimes include risk to life, property
damage and other severe consequences. For this reason it is easier to
identify the benefits for major UDFC projects than for minor projects.

An excellent economic technique for evaluating such projects was
recently presented by James [13]. A more detailed description is pre-
sented in a text by James and Lee [14] and a comprehensive benefit-cost
methodology entitled, '"Benefit-Cost Analysis for Urban Drainage Planning,
Interim Methodology,' has recently been prepared [19], the essence of
which is presented later in this report. These approaches identify the
reduction in average annual flood damage as the major benefit resulting
from UDFC project implementation. This benefit is one of a number of

expected tangible benefits from a major UDFC project and can be readily
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quantified although empirical data is badly needed. Other benefits
should be included in the economic analysis of UDFC projects (see
Table 1I-1) and techniques for doing this are being developed.

Reduction in average annual flood damage is one of the goals of
UDFC. However, the damage reduction benefit should be regarded as
important to the extent that the damage reduction goal is important,
but not more. An important consideration is that damage reduction
primarily benefits the few property owners in the flood plain. If
the UDFC project is funded from general taxes, income will be trans-
ferred from the taxpayers to flood plain occupants, creating incentive
to occupy the flood plain.

It is suspected that damage reduction has been given priority
in evaluation of UDFC projects because of its visibility. Nevertheless,
the accuracy with which potential damages can be estimated is dependent
on the availability of reliable depth-damage relationships which are
only in an early stage of development [5]. |

Economic analysis of major UDFC projects should proceed as
outlined by James and Lee [9] or by Rice [13]. The latter is to be
preferred because he presents detailed data and estimating curves for
direct use. The results of the analysis should be used with perspective,
however, considering first the UDFC objectives and then letting tangible,
quantifiable benefits take their proper place in the decisionmaking

sequence.

Evaluation of Minor UDFC Projects

The problem of evaluating minor UDFC projects is not currently one
which can usually be solved using benefit-cost analysis. Referring to

Figure II-4, it was shown that the prinicpal benefits for minor UDFC
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systems are normally those associated with convenience, aesthetics, etc.
and not normally with damage reduction, though in many areas, property
damage will occur even during small, frequent rainstorms.

The evaluation problem for minor projects must, for the time being,
remain one of setting standards and criteria, then finding acceptable,
minimum cost solutions for meeting the standards. This approach is the
one currently relied on in most environmental fields, including air and
water pollution control.

There are a number of questions which must be answered before a
rational approach can be taken to the problem of setting standards for
minor UDFC systems in a particular local area. Some of these are as
follows:

1. What is the cost function for citywide UDFC protection,
relating cost to design 1eve1? (Figure II-5 illustrates
this function for a single drainage basin}.

2. What is the community willingness and ability to pay for
UDFC systems, a resource allocation question.

3. What is the frequency of operation of systems of different
design levels as contrasted to the frequency of occurrence
of extreme events? (Figure II-6)

4. What is the intensity of use of the streets and adjacent
land where UDFC will be provided and how necessary is
UDFC for adequate use?

5. Will the stormwater collected by the UDFC system eventually
‘have to be treated, and if so, is there a way to design

the system to fit into this projected need?
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6. What level of design of the minor UDFC system will maxi-
mize the benefits shown on Table II-4 and minimize the costs?
These questions, particularly number 6, are difficult to answer and

must be currently considered by political means primarily until more
economic information becomes available to shed light on the answers to
these questions. The evaluation problem of minor UDFC projects thus
becomes one where each community answers for itself the foregoing
questions, then finds minimum cost feasible projects which meet the

UDFC needs.

Classification of Costs and Benefits -

Table II-4 presented an inventory of costs and benefits normally
associated with UDFC projects. It shows damage reduction in perspective,
as only one of several benefits realized from such projects. These costs
and bénefits can be useful in the following four evaluation procedures:

1. Determination of project feasibility

2. Development of information for justifying and promoting
projects

3. Development of criteria for ranking competing UDFC projects

4. Determination of the incidence of costs and benefits on

population subgroups.

The Problems of Estimating Indirect and Intangible Costs and Benefits

Regardless of the type of evaluation problem faced, a basic problem
is the determination and quantification of a proposed project's expected
benefits. This is one of a number of technical problems inhibiting formal
systems analysis procedures. Some other related problems are, according

to Keeney and Raiffa [16]:
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1. Lack of systematic procedures for isolating problems,

2. Difficulty in identifying objectives and measures of
effectiveness for particular situations,

3. Specifying possible consequences of alternative courses
of action, (concerns flow of costs and benefits over time
and their incidence on particular_groups),

4. Difficulty in considering the relative judgment and pre-
ferences of the decisionmaking group and the group who
will be affected by the decisions made.

For urban drainage and flood control projects it is relatively
simple to estimate 4ome benefits as compared to other public services
shown on Table I-1. Hirsch states that evaluation studies of urban
programs are plagued by "...difficulties in estimating indirect benefits
and in handling intangible and incommensurate costs and benefits [11].
Estimation of benefits is really an approximate approach for the esti-
mation of public demand for services, assuming the analyst can estimate
accurately and the public behaves #rationally. The emphasis should be on
the estimation of the benefit-cost conditions for incremental project
implementation according to the interest of different groups [11].

There is a pressing need for a definition of the term 'benefit"
in the legal sense so that determinations can be made of project bene-
ficiaries for evaluation purposes. This is a problem which transcends
the drainage problem and is extremely important [20].

When flooding occurs in urban areas the category of damage normally
reported in the press and therefore receiving most attention, is direct
damage to property. This is, however, only one 6f five empirical cate-

gories of flood damages. Benefits would be associated with reduction of
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damages in the following categories: [3]
1. Direct damages
2. Indirect damages
3. Secondary damages
4. Intangible damages
5. Uncertainty damages
Additional benefits not associated with damagé reduction are listed
in the inventory of costs and benefits given on Table II-4.
Additional information on the problems and opportunities associated

with estimating indirect and intangible costs and benefits is given later.

Direct Benefits

In urban areas, direct damages occur basically to structures and
their contents, to public facilities such as roads, utilities, and
associated facilities, and to vehicles. Damages to property vary accor-
ding to the type of property, it's value, and the cost to restore it to
it's original condition. In the evaluation of flood control projects,
reduction of direct flood damages is usually identified as the primary
benefit. A later section of this report discusses the damage estimation
problem in detail.

It is correct to compute such benefits but, as previously described,
these benefits are experienced mostly by flood plain occupants whereas,
in many cases, costs are borne by the general taxpayer. This, in effect,
represents an income transfer and an incentive to occupy the flood plain.
Alternative drainage management strategies are not readily comparable
under this benefit definition unless an incidence analysis compares the
benefit-cost analysis. The incidence analysis compares the benefits

with the costs for the major subgroups affected by the UDFC project being
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considered. For example, a benefit-cost analysis should be performed for
each major subgroup (private and public, or flood plain occupants and
non-flood plain occupants) in conjunction with the overall benefit-cost
analysis which considers all of the benefits and all of the costs. The
overall benefit-cost analysis will identify the most economical alter-
native without considering the question of equity. It will indicate the
most cost effective alternative regardless of which groups benefit and
which groups pay. The incidence analysis will indicate the most economi-
cal alternative from the points of view of the various subgroups concerned.
Thus the extent of any Ancome thansfer will be identified and can be
minimized by appropriate alternative selection.

Estimation of the total flood damage is a difficult process because
usable data are not available for estimating flood damage for commercial
and industrial establishments and for estimating damage for all cate-
gories due to the velocity of flow. The state-of-the-art for estimating
flood damage to residential structures and contents is summarized later.

The inventory of benefits presented in Table II-1 contains a reduced
probability of loss of life. Quantification of this benefit requires
estimation of the value (or damage due to loss) of a human life and the
probability of loss for given floods. Placing a dollar value or the
value of life is a controversial concept, although the judicial system of
this country does it frequently, principally in automobile accidents and
negligence disputes. The engineer should consider quantification of the
value of human life for estimating this benefit; value judgments of the
public and the decisionmaking body concerning this subject will weigh in
his decision. A method for computing the value of human life is presented

by Buehler [4]. The probability for loss of life for various design
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floods will affect the magnitude of the benefit and must be estimated
by the engineer. Consideration would, of course, be given to encroachment
of development into the floodway, flood depths and velocities, and the
steepness of the rising flood hydrograph. As in the case of all contro-
versial items (whether benefits or costs), the benefit-cost analysis can
be performed with and without the debatable benefit, so that the effect
on the alternative selection can be understood and considered.

Land value enhancement benefits, where applicable, can be estimated
by considering the increased value that land will have when removed from
the flood hazard area. A considerable literature exists on this question

in the economics journals.

Indirect Benefits

Indirect benefits include reduction of indirect damages such as:
lost business and services, the cost of alleviating hardship, safe-
guarding health, rerouting traffic and related phenomena. Description
of the above indirect benefits is very difficult and estimation of them
is usually made by taking percentages of direct damage reduction benefits.
Data for estimating benefits resulting from reduction of indirect damages
are not a available as for direct benefits. One set of estimates which
was used in one study by the Corps of Engineers is as follows: [3]

1. Residential - 15%

2. Commercial - 35%

3. Industrial - 45%

4. Utilities - 10%

5. Public facilities - 34%
6. Agriculture - 10%

7. Highways - 25%

8. Railroads - 23%
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Recent UDFC studies from the Denver area have made attempts to identify
some of the intangible benefits directly. One of the more visible in-
tangible benefit categories is recreation opportunities which can also
be included in the indirect benefit category. Recreation benefits can

be quantified and are routinely done so by government agencies.

Secondary Benefits

Secondary damages may occur when the economic loss caused by flooding
extends farther than the losses to those whose property is directly
damaged. For example, people who depend on output produced by damaged
property or on hindered services may feel adverse affects [3]. Secondary
benefits would result if the secondary damages were reduced by imple-
mentation of an UDFC project. Other secondary benefits include the
generation of work in an area due to construction of the proposed UDFC
project. Secondary benefits are generally considered outside the scope

of UDFC project evaluation because of their complex nature.

Intangible Benefits

With the recent issuance of the Water Resources Council Planning
Standards [23] intangible costs and benefits have received greater
attention. Among the categories of intangible damages and benefits are
environmental quality, social well being and aesthetic values. It is
normally not feasible to estimate monetary values of intangible damages
and benefits, but these should certainly be considered as part of the
total analysis for project jurisdiction. There are several research
projects underway which intend to present methods of estimating the
magnitude of intangibles but hard quantitative information is not

anticipated within the near future.
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The value of intangible benefits should not be overlooked, and should
be stressed in the narrative of the engineer's report. Once enumerated,
proper evaluation of them will be made by the decisiommaking body. Such
benefits may be responsible for alternative selection among closely
ranked alternatives.

The occupants of flood hazard areas suffer a hardship because of
the everpresent uncertainty of when the next flood will occur and how
serious it will be. It has been shown that people are willing to pay
annual insurance premiums exceeding their expected annual losses to
avoid financial disaster or even the financial inconvenience of irregular
budgeting [3]. The excess premium amounts to an unceitainty damage,
elimination of which would become a benefit. The calculation of this
sense of security benefit is not straightforward and requires a study
of practices in insurance buying within the study area. This type of
benefit is not usually included in evaluation of UDFC projects. When
unidentified, this benefit is usually included with the intangibles.

The state-of-the-art of evaluating environmental intangibles was
recently reviewed in a report by Coomber and Biswas [ 6]. The purpose
of the study was to ''consider the possibility of accurate assessment
of the values of environmental intangibles.'" They demonstrate that
nelative values of intangibles are easier to estimate than absofufe
values. They argue for uniformity and consistency in the application
of intangible benefits and costs, a need which is rather obvious
when the influence of the analyst is considered. They are honest
and to the point in admitting that the attention given to recreational
benefits (as one type of .{ntangible benefit) may be excessive and
that there is currently no way to estimate the important social

benefits that cannot be estimated through demand functions.
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Estimation of recreational benefits is at a different stage than
estimation of damage reduction benefits. The empirical data base is
weaker and unknown elasticities of the demand functions introduce a
large uncertainty into their use. There does exist an abundant
literature on this topic, however.

An interesting discussion of intangible benefits was presented
recently as part of a Denver area UDFC study [25]. In this study
recreational benefits were computed based on an estimate of fhe
public's willingness to pay for various types of recreational oppor-
tunities. The discussion of intangibles presented is reproduced below

in order to stimulate further discussion about this topic.

Intangible Benefits (from [25])

"Natural resource planning organizations in recent years have begun
to recognize the importance of the intangible components of resource
utilization. Almost by definition, intangible benefits were until
recently considered to be immeasurable and were not included as a part
of a project evaluation.

Intangibles include those components of environmental appreciation which
are not directly quantifiable in terms of dollar value or dollars spent
for their usage. Normally, intangibles accrue from the aesthetic, sci-
entific, educational, historical, and recreational aspects of natural
and man-made environments., One additional intangible benefit, peculiar
to residents of flood hazard areas, is the peace of mind which can be
enjoyed by those safeguarded from future flood damages.

Much of the basin of Lena Gulch, as well as the channel adjacent area,
has been gradually urbanized since 1935, All indications are thet this
urbanization will continue to intensify in the future. The types of
urbanization range from typical Denver area suburban residentia! dev-
elopments to rural sprawl and commercial installations.

The 11 miles of channel provide many opportunities to identify in-
tangible benefits, revive additional ones which have been destroyed by
the urbanization, and create new ones. Certainly open space and recre-
ational opportunities abound. This is fortunate because recently the
people of Jefferson County voted to tax themselves for open space and
recreational development, This has the effect of proclaiming this

type of land use a high priority item for the people of Jefferson County.
If the Lena Gulch drainageway improvements are properly implemented,
much interest in the area will be found at the city, county, state,

and federal government levels. This attention in itself will tend to
foster better land use decisions based upon the public good within the
basin.
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The inclusion of intangible benefits in the land use decision-making
process presents obvious advantages. The methods by which they can be
included, however, are not so obvious. Benefit/cost analyses have been
used to weigh the merits of various alternative courses of action in
terms of economic efficiency. This requires that all benefits and costs
be relegated a dollar value or they are not included in the benefit/
cost decision-making process. Reducing to economic terms items such as
aesthetic experiences and peace of mind can be quite arbitrary and sub-
jective. There is a real danger that such determinations are not more
than a numbers game which can be adjusted to achieve whatever result is
desired by the analyst. It would appear that intangible benefits and
costs would be more appropriately included in the decision-making proc-
ess as effects to be considered in addition to the benefit cost analysis
and not as a part of it,.

Although the appropriateness of reducing intangibles to dollar values

is certainly open to question, several techniques have been developed
by researchers to estimate the value of intangibles in terms of dollars.
N. H. Coomber and A. K. Biswas (‘''Evaluation of Environmental Intangi-
bles," 1973) have written an excellent summary of the various tech-
niques available. Numerous estimating algorithms have been developed
based upon evaluations of willingness to pay, cousumer demands, the
availability of alternative recreation, measurements of psychological
stimulation, and others. Some of these techniques are more arbitrary
than others and some are totally impractical.

One of the least subjective and most practical techniques is to evalu-
ate intangible benefits in terms of someone's willingness to pay for
that benefit. In the case of privately owned recreational and scenic
areas, the admission charge is generally representative of the value of
an experience. In the case of publicly owned facilities, monetary
values are indirectly expressed in the expenditures incurred in a recre=~
ational trip or the cost of admission at a similar private area.

Several intangible benefits were identified for each of the Lena Gulch
drainageway improvement alternatives. Dollar values for these benefits
were estimated on the basis of the principles of the ‘'willingness to
pay' method. For those areas designated as grass~lined channels, the
intangible benefits were estimated for recreational and commuter bike
paths, walking and hiking activities, and picnic areas. For each de-
tention basin, an estimate of the benefits derived from winter ice
skating and siedding, summer picnics, and educational field trips were
included where appropriate. The dollar value of intangibles is summar-
ized in Tables VI1-3, 4 and 5. '

The relatively natural condition of Apex Gulch above Heritage Square
along the slopes of Lookout Mountain is a valuable asset to Lena Gulch
which sould be preserved. Natural mountainous drainageways within a
few minutes drive of urban sprawl will undoubtedly prove an invaluable
natural resource in future generations. Because this area is presently
in private ownership with limited access and because no public land
acquisition program was included in any of the three alternatives,

rno intangible benefits were calculated for Apex Gulch.
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No dollar value was included for the sense of security and social

order enjoyed by the residents along Lena Gulch as a result of the
recommended improvements. Any evaluations in this area under the pres-
ent scope of work would have been quite arbitrary and highly specula-
tive. A proper determination of these benefits would require an exten-
sive study conducted by a highly qualified team of sociologists, urban
planners, and engineers. The importance of these intangibles, however,
should not be ignored. Rather, they should be carefully welghed as a

most important element in the land use dec:saon-maktng process. The
recognition of the existence of these intangible benefits separate
from the benefit/cost analysns is an essential step toward achlevnng
proper flood plaln usage."

One of the’ difficulties inherent in considering intangible costs
and benefits in evaluation of small UDFC projects is that the cost of
analysis may be excessive. Some of the rather-experimental techniques
such as described in [6] or subjective techniques such as [25] might be
better left out of small project evaluation studies. Some recent pro-
mising approaches which might be applicable to large projects, particularly
those with multipurpose components, have been reported recently, however
[2]. According to this research, it was concluded that aesthetic and
recreational benefits are neither intangible nor insignificant. Further-
more, they concluded that ultimately, increase in real estate value near
urban water projects can be shown to measure these benefits. These

techniques remain to be tested further but they do show promise for

improvement in the assessment of benefits.
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CHAPTER III
INTERIM METHODOLOGY FOR ANALYSIS OF
BENEFITS AND COSTS OF UDFC PROJECTS

This chapter contains an interim methodology for performing
benefit-cost analyses of UDFC projects. The methodology has undergone
some review and criticism but additional refinement is necessary.
Although it is a methodology-for analysis of both minor and‘major
UDFC projects, its application should be initially restricted to those
projects where flood damage reduction is a principal objective. The
reason for this is that minor projects must currently be justified
mostly because of convenience and environmental management benefits
and acceptable techniques for quantifying these do not currently exist.

The methodology is based mostly on current techniques used on
UDFC planning projects in Denver, Colorado by the Urban Drainage and
Flbod Control District. It is intended to serve as a starting point
for the development of a more refined and highly relevant benefit-
cost methodology.

The primary objectife of benefit-cost analysis is to compare
the costs and benefits of alternative flood control measures with
related benefits to determine which measures maximize the return from
the expenditure of public funds. The fefwwn must be measured with
repsect to public goals and objectives which are normally not precisely
known to the analyst. The principal objective of urban flood control
projects is normally taken to be the reduction of flood damages to
public and private property but a city can specify its goals in other
areas if they desire. To properly carry out a BCA, however, the local

priorities must be known.
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Benefit-cost analysis, if properly carried out and cogently

presented, can be a beneficial tool in public decisionmaking. Important

features are:

1.

The project benefits and costs are presented in the

common denominator of dollars.

The public investment is measured over an appropriate

time period. This advantage is often overlooked but

is highly significant.

The techniques of benefit-cost analysis allow for comparing
and ranking multiple alternatives. The method can handle

a large number of alternatives with less confusion than

normal narrative presentations.

Some common objections to BCA are:

1.

Too much reliance can be placed on the results of the
analysis by the decisionmaking body. Benefit-cost analysis
is based upon a series of assumptions about physical events.
The assumptions are only approximations of reality, not
reality itself, and the results of the analysis should be
viewed with this in mind.

The prejudices of those making the analysis are always
incorporated into the analysis. For example, open space is
valueless to some groups and therefore not considered as

a benefit, while to others it may be a primary objective.
The question arises as to who receives benefit from a
public works improvement--the community at large, certain
sections of private enterprise and/or certain residential

areas. This information is not always revealed in a BCA.
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Before benefit-cost analysis can be useful, flood control criteria
must be formulated to establish the constraints of the analysis. In
addition, the engineering investigation must be completed, including
the hydrologic and hydraulic analyses and the formulation of alternative

flood control measures.

Formulation of Flood Control Study Criteria

Before the flood control study is undertaken, some criteria must
be established. The following are among the questions that should be
considered:

1. Is the desired level of protection fixed or variable?

2. If the level of protection is fixed, will the recommended
alternative be the lowest cost, the one that maximizes the
net benefits for a fixed cost, or the one that maximizes
the net benefits with no constraint on the project cost?

3. Will the project financing be fixed or variable?

4. Will the study consider only direct benefits or will
secondary or indirect benefits be quantified and included?

5. Which secondary benefits will be quantified? Should loss
of 1ife be quantified?

6. Which types of alternatives should be investigated?

Other criteria should be set where applicable. The answers to the above
will depend on local preferences and in fact may be specified in the con-
tract. This methodology has assumed that the desired level of protection
is fixed, the financing is variable, and the recommended alternative will
be the one that maximizes the net benefits, defined in terms of local

priorities.
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Hydrologic and Hydraulic Analyses

As an input to BCA, flood>hazard areas under existing and various
future development conditions must be defined. Because the extent of
flooded land, the magnitude of potential damage and the cost of preventive
and corrective measures all depend on the magnitude of flood flows
derived from the hydrologic studies, it cannot be over-emphasized that
the hydrology is of primary importance to the analysis. The most reliable
hydrologic techniques consistent with the scope of the project and the
basic data available should be utilized in the analysis.

The beﬁefit—cost analysis should include the computation of the
future flood hydrology for a range of recurrence intervals (at least
three) including the 100-year event. The recurrence intervals should
be chosen to give a representative spread in the peak flows, i.e., low,
medium and high. This will be used to define the base line conditions
from which the effectiveness of each flood control alternative will be
measured. Derivation of runoff hydrographs is necessary.

Development of the future hydrology will require estimation of the
type and extent of future development. This information should be
available at the planning departments of the local jurisdictions within
the study area. Lacking any usable data, the engineer must make the best
predictions possible, to the extent of using the services of local
planners if desirable. Local planners will be familiar with the existiﬁg
development, local subdivision regulations, community preferences and
other factors that will affect the type of development. The limit of
the development will depend on factors such as topography, soil type
and political boundaries. Encroachment into the floodplain is an item

of considerable significance, since flood damages are directly related
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to development within the floodplain. This will be affected by existing
regulations such as floodplain ordinances, community awareness of flooding
potential and consequences, and development pressures. The engineer must
estimate the probable encroachment which would result without the bene-
fit of the results of his flood control study.

It is also desirable to know how the present situation compares
with the future in terms of the flood magnitudes and resulting damages.
This will require the development of flood hydrology for the existing
situation. The same recurrence intervals should be used as for the
future hydrology.

Floodplains are delineated on topographic maps yielding estimates
of the depths, lateral limits and velocities of the flooding. Appropriate

hydraulic study techniques should be utilized.

Formulation of Alternatives

Once the magnitude of the flooding problem is defined, specific
alternative measures for solution are formulated to accommodate the
design flows. The engineer should be aware of the effect that each
alternative will have on the flood hydrology. The formulation of
alternative solutions is a creative process and requires the engineers
best efforts. It is not discussed in depth here, being beyond the

scope of this report.

Benefit-Cost Analysis

The following benefit-cost analysis is presented for use. The
procedure is presented in step-by-step fashion with an example given

to help explain the steps.
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10.

11.

12.

13.

14,

15.

16.

STEPS IN BENEFIT-COST ANALYSIS

Examine flood hazard area and classify by land use.
Determine flood damage categories by land use.
Eliminate unlikely damage categories.

Divide study area into reaches.

Develop cost data.

Identify benefits and collect supporting data.
Obtain and develop appropriate depth versus damage tables or curves.
Analyze the do-nothing flood damages.

Compute the average annual flood damage potential.

Compute the flood damages and the average annual flood damage
potential for alternatives.

Compute the benefits for each flood control alternative.
Cémpute the costs for each flood control alternative.

Select the time horizon.

Select an appropriate discount rate.

Convert all benefits and costs to a common time frame.

Compare the benefits with the costs and prepare them in display

form for decisionmakers.
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Example Benefit-Cost Analysis

The example is based upon the Little Dry Creek Master Plan project
located in Douglas and Arapahoe Counties, Colorado, undertaken for the
Urban Drainage and Flood Control District [15] by the firm of McCall-
Ellingson & Morrill Inc., consulting engineers, as assisted by the firm
of Lyon, Collins & Co., Inc., local governmental consultants. This basin
was chosen as a case study because of the varied conditions encountered
and the detail of the analysis conducted. To broaden the scope of the
example, certain elements and conditions not found in the Little Dry Creek
basin have been added. It must be emphasized that each project will
present a unique situation in terms of flood hydrology, development charac-
teristics, alternative solutions and other features, therefore the step-
by-step description must be considered as a guide to performing benefit-
cost analysis and not as a rigid formula. As in other portions of the
urban drainage master planning process, a significant degree of engineering

judgment is required to achieve an acceptable and realistic solution.

Step 1 - Examine Flood Hazard Area and Classify by Land Use

The following types of land use are typical:

Land Uses - Little Dry Creek Basin

A. Public streets, bridges, culverts and utilities.
B. Public unimproved open space.

C. Public improved open space.

D. Private unimproved open space (grazing).

E. Private improved open space (farming).

F. Single family residential.

G. Multi-family residential.
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H. Trailer and mobile home parks.

I. Commercial (retail).

J. Industrial.

K. Other.

In addition, a survey of special or unusual hazards from flooding should

be made. Only one major special hazard existed in the Little Dry Creek

basin--the covered underground parking area of the Cinderella City

parking structure.

Step 2 - Determine Flood Damage Categories by Land Use

Determine the types of damages which might occur in the drainage

basin according to the land use.

Land Use

A. Public streets, bridges,
culverts and utilities.

B. Public unimproved open
space.

C. Public improved open

space.

D. Private unimproved open
space (grazing).

E. Private improved open
space (farming).

F. Single family residential.

Potential Damage Description”
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Wash-outs damaging structures and
necessitating repair or replacement,
including structure damage or
failure due to debris pile up.
Interrupted traffic or services.
Removal of debris and cleaning.

Loss of life.

Erosion.
Removal of debris and cleaning.

Damage to facilities in waterways.
Erosion.
Removal of debris and cleaning.

Erosion.
Loss of livestock.

Erosion.

Loss of life.

Loss of livestock.

Damage to farm equipment.
Damage to stored goods.

Structural damage.

Contents damage.

Removal of debris and cleaning.
Erosion.

Missed work.

General inconvenience.

Loss of life.



Land Use Potential Damage Description

G. Multi-family residential. 1. Structural damage.
2. Contents damage.
3. Removal of debris and cleaning.
4. Loss of renters, increased vacan-
cies, or reduced rental income.
5. Erosion.
6. Missed work.
7. General inconvenience
8. Loss of life.
H. Trailer and mobile home 1. Structural damage.
parks. 2. Contents damage.
3. Removal of debris and cleaning.
4. Loss of renters, increased vacan-
cies, or reduced rental income.
5. Erosion.
6. Missed work.
7. General inconvenience.
8. Loss of life.
I. Commercial. 1. Structural damage.
2. Contents damage.
3. Inventory loss/damage.
4. Removal of debris and cleaning.
S. Loss of business income.
6. Loss of sales taxes.
7. Loss of salaries to employees.
8. Special police protection.
9. Loss of life.
J. Industrial. 1. Structural damage.
2. Contents damage.
3. Inventory loss/damage.
4. Removal of debris and cleaning.
5. Operating loss-days idle.
6. Loss of salaries to employees.
7. Loss of life.
K. Special Situations-- 1. Vehicular damage.
such as Underground Parking. 2. Loss of life.

L. Other

Step 3 - Eliminate Unlikely Damage Categories

Once specific categories and potential damage have been identified,
a number can be eliminated due to the unlikeliness of their occurrence
or to the insignificance of the loss. In the Little Dry Creek study the

following damage categories were eliminated for the reasons set forth below:

59



Land Use/Damage Category

A. Industrial - all damage.

B. Public unimproved open
space - all damages.

C. Public improved open
space - all damages.

D. Private unimproved open
space (grazing).

E. Private improved open space

(farming) .

F. Special Police Protection -

Commercial.

G. Structural damage to
bridges by trailers and
other floating debris.

H. Interrupted traffic or

services - public streets

and utilities.

I. Erosion - all land uses.

J. General inconvenience -
all land uses.

Elimination Reason

No industries in study area.

Damage insignificant.
No land in study area inundated.
Insufficient land in study area

inundated.

Insufficient land in study area
inundated.

Structural damage insufficient to
allow looting.

Field review indicated low probability
of damage.

Alternate traffic routes and estimated
brevity of service interruptions make
category too small for inclusion.

Judged insignificant to warrant inclu-
sion.

Undoutedly will occur but insufficient
data to place dollar values.

Systematically examining each land use/damage category to eliminate from

consideration those unlikely to occur in a particular drainage basin will

save the analyst considerable time in data collection and manipulation.

Step 4 - Divide the Study Area into Reaches

Divide the study area into manageable reaches for aggregation of

flood damages. It may be advantageous to have the divisions correspond

to the design points of the hydrologic analysis and/or political

boundaries.

Step 5 - Develop Cost Data

Perhaps the most familiar portion of the benefit-cost analysis is

the development of cost data.

For each proposed physical facility, the
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following cost data must be included:
A. Site acquisition.
B. Construction and engineering.
C. Fiscal and administrative.
D. Annual principal and interest payments (if debt financed).
E. Annual operation and maintenance.
F. Insurance.

A table reflecting the annual costs over the life of the improvement
will be constructed in Step 11. If debt financing is to be utilized,
the site acquisition and construction cost should be reduced by the
principal to be repaid over the term of the bonds and the cash outflow
of both principal and interest should be reflected in each year's cost.
Structure replacement costs should be included where applicable. The
table of costs will be converted to a present worth or an average annual
worth in Step 14.

Step 6 - Identify Benefits and Collect Supporting Data

Benefits include, but are not limited to, the following: [9]
A. Tangible Benefits

1. Direct Benefits:
a. Reduced flood damages.
b. Reduced probability of loss of life.
c. Land value enhancement.

2. Indirect or secondary Benefits:
a. Reduced traffic delay.
b. Open space and recreation benefits.
c. Reduced income loss.
d. Reduced production and sales loss.

e. Reduced roadway maintenance.
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B. Intangible Benefits
1. Reduced inconvenience.
2. Social environment benefits.

3. Sense of security benefits.

Tangible direct benefits can be quantified. This does not imply
that they are more important than intangibles or indirect benefits,
Indirect and secondary benefits are not as readily quantified as direct
benefits. See the discussion in the next chapter regarding them.
Intangible benefits cannot normally be quantified and must be handled
qualitatively. The bulk of the numerical benefits which will be included
in this example will be reduced flood damages. Values for the potential

for loss of life can also be included, see [2].

Where benefits are not presented quantitatively, they can be
included in narrative form. This applies to direct, indirect and
intangible benefits. The WRC system of accounts in Chapter II is
an attempt to do this. Where quantification of benefits is considered
controversial, it is recommended that the engineer prepare his benefit-
cost analysis with and without the benefits in question so that their
effect on the recommended alternative can be observed.

Engineering data are required from the hydrologic and hydraulic
analyses which include:

A. Existing and future flood hydrographs for the range
of recurrence intervals of interest.

B. Delineation of the future floodplains on adequate topo-
graphic mapping which reflects the existing channel
situation. The assumed future development patterns

will be overlaid on these projected floodplains and
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future flood damages will be computed. It will be the
reduction in this potential flood damage that will
make up the bulk of the direct benefits for each flood
control alternative and the sensitivity of the BCA to
the development assumption should therefore be recognized.
C. Aerial photographs which may be useful in the economic
analysis.
Other data which will be necessary for the analysis are:
A. Structural Data - Residential and Commercial
For Little Dry Creek structural data were obtained from computer
printouts of the County Assessor's records of properties located in and
around the floodplain. The data obtained for each property were:
Legal description
Property address
Assessed valuation of structures
One of the difficulties in the use of the structural value data
rested with the inability to retrieve only those parcels which were
affecﬁed by flooding. Although the assessor's files can be assessed on
a parcel by parcel basis, the time jnvolved in determining and keypunching
the permanent parcel number was prohibitive. Therefore, each parcel in
a given quarter section was printed out, thus placing the burden of
parcel identification on the analysts. Although this was a less costly
procedure than preselection of parcels, it was a burdensome, time con-
suming task particularly in the densely developed areas.
All structure values from the County Assessor's records were divided
by 0.3 to yield the market value because property under Colorado law is

assessed at 30% of actual value.
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B. Content Data - Residential

In Colorado personal property is no longer assessed, and good
sources of data on value of contents of residential units do not exist
locally. The cost of developing contents cost data by survey of indivi-
dual units is not generally warranted. Instead, a factor of 50% of the
structure value was used in lieu of more definite data. This problem is
discussed further in the next section.
C. Content and Inventory Data - Commercial

In the Little Dry Creek Basin two major commercial areas exist in
portions of the floodplain. County Assessor data as to the value of
contents and inventory exist but are not a matter of public record. To
utilize this data while observing rights of privacy, the County Assessor's
office took a random sample of contents and inventory value. This sample
was used as an average value of contents and inventory per commercial
outlet.
D. Structural and Content Data - Trailers and Mobile Homes

There did not exist adequate public data on the value of mobile
homes and their contents. It was necessary to contact a number of new
and used mobile home sales offices to obtain an average per umit value
of each mobile unit.
E. Removal of Debris and Cleaning - Public Land

Estimates of the number of hours of debris removal necessary in
public land uses such as streets and bridges was made on the basis of
the personal experience of the analysts. The average per hour rate of
the public employees who would be involved in the work was multiplied by

2.25 to cover cost of materials and fringe benefits.
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F. Missed Work, Removal of Debris and.Cleaning - Residential Land Uses

For each residential land use inundated, two days per unit were
estimated as necessary to do the cleaning. The two days were assumed
equal to the daily pay of an employee earning $12,000 per year. The per
day rate was based upon the 1970 census data on median income adjusted
to fit the specific characteristics of the homes in the floodplain.
This calculation also was designed to cover lost income from missed
work.
G. Removal of Debris and Cleaning - Commercial Land Use

An estimate of three employees working for four days was made for
each commercial unit inundated. An hourly rate equivalent to that of the
going rate of a retail clerk was used to price the employees' time.
H. Street, Bridge and Utility Damage Data

Estimates of the nature of the loss and the cost to repair or re-
plaée public facilities were made from field review of the floodplain.
Recent unit cost data from various public projects were used in these
estimates.
I. Loss of Renters.- Multi-family and Mobile Home Land Uses

The number of rental units which were inundated was counted and an
average monthly rental per unit (apartments and mobile homes) was deter-
mined from actual rental rates. A vacancy of 1.5 months per unit inun-
dated was estimated.
J. Loss of Business Sales and Sales Tax

In the Englewood portion of the Little Dry Creek basin a high loss
in business sales was anticipated due to the large commercial areas.
To determine the amount of this loss, daily gross sales per store were

developed using the area by area sales tax statistics maintained by the
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City of Englewood. A per day loss sales figure was estimated for each
store inundated. Sales tax was computed and included.
K. Loss of Employees' Salaries

No loss of employees' salaries was anticipated as it was believed
that most would be involved in clean-up or have the chance to put in
make-up hours later. Had the character of the flood damage and the
nature of the businesses affected been different, a loss would have been
estimated.
L. Vehicular Damage

A large underground parking facility exists at Cinderella City
Shopping Center in Englewood. The egress from that area can become im-
possible should a number of drivers attempt to leave at the same time.
The probability of such a situation arising was calculated and used as
the basis for estimating this special damage situation.
M. Financial Data

Financial persomnel of jurisdictions financing the drainage improve-
ments (cities, counties, and drainage districts) should be contacted.to
obtain the cost of their borrowed money and the interest at which they
can invest their idle funds. Municipal bond dealers that finance pro-
jects like urban drainage projects should also be consulted to see what
interest they would require to finance money for the jurisdictions
involved. The estimated amount of money to be financed will affect the
selection of the discount rate.

Step 7 - Obtain and Develop Appropriate Depth Versus Damage Tables or
Curves

Flood damages are calculated with the use of depth of flooding versus
dollar damage tables and curves for various types of structures. Several

government organizations have compiled data of this type including the
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Federal Insurance Administration (FIA). The Corps of Engineers, the Soil
Conservation Service (SCS), and the Tennessee Valley Authority (TVA).
This is discussed in greater detail in the next section. It is felt
that presently the FIA has the most acceptable data for estimating flood
damages for residential structures, and their data was accordingly used
in this study. See Tables III-1 and III-2. The FIA data are only valid
for residential structures and generalized curves for commercial and
industrial areas doVnot exist. These must be handled on a case-by-caﬁe
basis. See the additional discussion in the next section, along with a
graphical comparison of the depth versus damage data of the several
agencies mentioned.

Step 8 - Analyze the '"Do-Nothing' Alternative

The floodplains, delineated in the hydraulic analysis for future
conditions, are theoretical and represent what would happen if the
design storm occurred today and the basin had its future development and
runoff characteristics.

Overlay the anticipated future development pattern on the undeveloped
portions of the floodplain maps. Estimate probable encroachment into the
floodplain, using previous encroachment as a guide, but also considering
such factors as existing floodplain regulations, community awareness of
flooding potentials, and development pressures. For a sophisticated
analysis, alternative development futures can be considered. Do not
assume encroachment based on the rights-of-way required for the flood
control alternatives. The estimated encroachment limits represent what
might happen without the benefit of the results of the flood control study
being conducted. Flood damages computed for this condition will result

if no flood control measure is acted upon (the do-nothing alternative).
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Table III-1
FEDERAL INSURANCE ADMINISTRATION
SEPTEMBER 1970
Depth Damage Curves*[5]
Set A
STRUCTURES-RESIDENTIAL AND SMALL BUSINESS

Curve No.

01 03 05 .10 13 18 23
Depth in Feet Damage in % of Total Value
-3.0 .0 .0 .0
-2.0 3. 3. 3.
-1.0 .0 .0 .0 .0 6. 5. 5.
First Floor .0(0.1) 8.0 4. 3. 8. 10. 7. 6.

22. lo0. 11. 50. 24. 14. le.
30. le. 20. 71. 31. 31. 22.
35. 20. 25. 82. 37. 26. 26.
39. 24. 29. 87. 41. 30. 30.
41. 27. 31. 89. 44. 33. 32.
44, 30. 33. 9l. 46. 35. 35.
46. 32. 34. 9l. 48. 38. 36.

CWOWONOAULPED WN R
L] * & 0
loNeoNeNoNeoNoNoNoNoNoNoNe!

. 48. 34. 41. 49. 40, 44 .
. 50. 39. 46. 50. 44, 48.
10. 42, 50. 46, 52.
11. 45, 53. 47. 55.
12. 47. 55. 48. 57.
13.0 49. 58. 49, 58.
14.0 50. 59. 50. 59,
15.0 60. 60.
Classification Curve No.
One story, no basement 0l
Two or more stories, no basement 03
Split level, no basement 05
One story with basement 13
Two or more stories with basement 18
Split level with basement 23
Mobile home, on foundation 10

* Taken from Flood Damage Factors - Depth Damage Curves, Elevation-
Frequency Curves, Standard Rate Tables, Federal
Insurance Administration, September, 1970.
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Depth in Feet

Table III-2

FEDERAL INSURANCE ADMINISTRATION

SEPTEMBER 19

70

Depth Damage Curves¥* [5]

Set A

CONTENTS-RESIDENTIAL

27 29 46

Curve No.

51

31 41 33

Damage in % of Total Value

69

-3.0 ' .0 .0 .0
-2.0 8. 5. 81.
-1.0 .0 .0 8. 5. .0 81, .0
First Floor .0(0.1) 5. 5. 21. 10. 1. 83. 2.
1.0 35. 16. 40, 22. 3. 19.
2.0 50. 28. 58. 34. 4. 32.
3.0 60. 37. 70. 43, 5. 41,
4.0 68. 43, 76.  48. 6. 47.
5.0 74. 47. 80. 51. 6. 51.
6.0 78. 49, 82. 52. 6. 53.
7.0 81. 50. 83. 53. 6. 55.
8.0 83. 51. 85. 56. 6. 56.
9.0 85. 55. 59. 10. 62.
10.0 58. 64. 23. 69.
11.0 65. 71. 47. 75.
12.0 72. 76. 64. 78.
13.0 78. 78. 74 . 80.
14.0 79. 79. 81. 81.
15.0 80. 80. 83.
16.0 81. 8l.
Location Curve No.
All on first floor 27
All on first two floors 29
All on first floor and basement 46
All on first two floors and 51
basement
All above first floor 31
All in basement 41
In split level 33
In split level with basement 56
Mobile home on foundation 38
* Taken from Flood Damage Factors, etc. (same as Table 1)

56

10.
15.
18.
31.
44.
52.
58.
6l.
63.
64.
66.
69.
73.
76.
79.
80.
80.

38

.0

3.
30.
56.
72.
79.
84.
87.
88.
90.
90.



The effectiveness of each alternative will depend primarily on how much
it reduces the damages from this do-nothing case.

For the do-nothing alternative, compute the flood damages for the
existing development and for the projected development. For areas of
uniform flood damage potential (i.e., a residential area of uniformly
valued homes}, per acre factors can be developed for damages for a range
of flood depths. The floodplain can then be divided into areas of equal
flood depth, i.e., 0-2 ft., 2-4 ft., and 4+ ft. Flood damages are then
found by applying the per acre damage factors. The per acre damage fac-
tors can bé computed by estimating typical exposures for each damage
category and applying the individual damage factors. Table III-3 summar-
izes the procedure for obtaining area damage factors for 3 and 4 ft. fiood
depths for a sample low density residential area.

For existing areas that are not homogeneous with respect to flood
damage, a more detailed analysis must be performed. For each damage
category the value exposed to flooding muSt be known. For example, esti-
mation of the structural damage toKf particular residential unit requires
knowledge of the value of the strucEQre. The exposure is multiplied by
the damage factor taken from the appropriate depth versus damage curve.
Dollar damage is estimated for each damage category, and tabulated as in
Table III-4.

Estimation of future flood damages for presently underdeveloped areas
will require the development of weighted per acre flood damage factors.
These factors should be weighted to reflect the probable percentage that
each land use will be of the total undeveloped area. This information
was obtained or estimated in the hydrologic analysis, and an example is

given in Table III-5.
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Available depth versus damage tables reflect flood damage due to
standing water. In addition, there is a potential for damage due to
the velocity of the flood water, Erosion and structural damage due to
undermining are possible if the velocities are significant. Data for
estimating this type of damage are not readily available, and it is
recommended the velocity head be added to the flood depth when velocities
exceed 8 fps, to account for some of the damage that might occur.

If a comparison of the existing and future flood damages is desired,
then flood damages must be computed for the existing situation using the
existing gloodplains defined in the hydraulic analysis, which are based
on the existing flood hydrology.

Step 9 - Compute the Average Annual Flood Damage Potential

Total the flood damages for each reach and recurrence interval.

Tables such as the one below should be constructed:

Table III-6
SUMMARY OF FLOOD DAMAGES FOR REACH

Area: Little Dry Creek above Cinderella City
Reach: Station 113+21 through 129+00
Frequency: 100 years

Conditions: Developed

Structure § Content Value Damage Amount
Residential $420,000
Commercial 623,000

Other Damages

Loss of Sales 210,000
Removal of Debris - public 12,000
Removal of Debris - Residential 2,000
Removal of Debris - Commercial 6,000
Damage to Public Utilities 3,000
Loss of Rents 4,000
Loss of Life 500

Total Damage $1,280,500
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For each reach, and for the entire stream, construct a graph of total
flood damage versus probability of occurrence in any givenﬂyéar. The
graph will be similar to Figure III-1. From this graph, it is possible
to interpolate flood damages for flood events other than the ones investi-
gated. A damage versus probability curve will be required for the
existing development situation (if a comparison is desired between the
existiﬁg and future flood damages), and for each flood control alter-
native. Compute the area under the curves, which is the average annual
flood damage potential in dollars per year.

Figure III-1 has a great deal of utility for calculating flood
damages of numerous alternative solutions. If a peak discharge scale
is constructed corresponding to the probability scale, flood damages
can be computed quickly for any sized detention facility. For example,
assume fhat a certain sized detention reservoir is being considered
just upstream of the reach under study, and that hydraulic studies have
determined that it will reduce the peak 100-year discharge from 20,000 cfs
to 14,000 cfs, the 25-year discharge from 10,000 cfs to 7,000 cfs and
the 10-year discharge from 7,000 cfs to 3,000 cfs. By entering the
curve on the peak discharge scale we can determine the expected flood
damages in the reach downstream of the dam. The damages would be $90,000
for the 100-year event, $65,000 for the 25-year event, and $30,000 for the
10-year event. A new damage versus probability curve can be constructed,
and a new equivalent annual flood damage potential calculated.

If flood damages within the existing channel are small compared to
the total flood damages, then Figure III-1 can be used to compute flood
damages. of channelization alternatives. Basically, it is only necessary

to know the carrying capacity of the stream without channelization and
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FLOOD DAMAGE IN 100,000 DOLLARS

12}~
/ot

Area under curve is equal to the average
af annual flood damage of 44,800

dollars per year
6 /
/ square inch =(0.05)(200,000) =
10,000 dollars per year
4
Estimate zero damage probability

2_.
0 | | 1
o/ 4 /0 20

PROBABILITY OF OCCURRENCE IN ANY GIVEN YEAR IN PERCENT

L [ ! 1 i 1 !

30

20 14 /0 g 7 3
PEAK DISCHARGE IN /000 C.FS.

Figure III-1, Flood Damage vs, Probability Reach
113 + 21 to 129 + 00
Developed Conditions
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the capacity with channelization. For example, the stream under study
has a capacity of 2,000 cfs. Channelization will increase that capacity
to 5,000 cfs--an increase of 3,000 cfs. The 100-year flood damages are
now the equivalent of (20,000-3,000) = 17,000 cfs, or $1,200,000. Flood
damages will also be reduced for the other recurrence intervals and can
be estimated by shifting 3,000 cfs on the peak discharge scale. A new
damage probability curve can be constructed and the equivalent annual
flood damage potential calculated for the channelization alternative.

If flood damages within the existing channel cannot be neglected, then
an overbank flood damage versus probability curve must be constructed
by subtracting the amount of the damage within the channel befo;e this

procedure can be used.

Step 10 - Compute Flood Damages and Average Annual Flood Damage Poten-
tial for Alternatives

Repeat Steps 8 and 9 for each flood control alternative under
consideration.

Step 11 - Compute the Benefits for Each Flood Control Alternative

The reduction in the annual flood damage potential is the principle
benedit realized if the flood control improvement is constructed. The
average annual benefit is illustrated graphically in Figure III-2 which
compares the damage probability curves of the future situation with the
curve for the first alternative. Quantify the other tangible benefits
identified in Step 6 and tabulate as in Table III-7.

Step 12 - Compute the Costs of the Various Flood Control Alternatives

Costs considered in this step should include at least all of those listed
in Step 5. Prepare a table that reflects end-of-the-year costs over the

project life. Such a table might resemble Table III-8 which follows.
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FLOOD DAMAGE IN /00,000 DOLLARS

/4

/2

/0

Damage probability curve for future
conditions. Average annual flood
damage potential equals 44,800
dollars per year.

Damage probabi/ily curve for Alternative I.
Average annual flood damage potential
equals 17,300 dollars per year.

Area between curves is egqual to the
average annual benefit of 27,500

dollars per year.

| i ——— i — S

4 /0 20 30
PROBABILITY OF OCCURRENCE IN ANY GIVEN YEAR IN PERCENT

Figure III-2. Average Annual Direct Benefits Reach

113 + 21 to 129 + 00
Alternative I
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The period of loan repayment does not have to correspond to the project
life if debt financing is to be utilized.

Step 13 - Select Time Horizon

The time horizon is the number of years over which the project is
to be viewed. The selection of time horizon should be based upon one
factor: the physical life of the improvements which will prevent or
control flooding. If the improvements have a useful life which is less
than the frequency at which project design floods occur and the analyst
wishes to extend the cost-benefit examination to that point, it is
necessary to show the replacement of the facilities as a project cost.
For this example a 50-year project life was chosen.

Step 14 - Select an Appropriate Discount Rate

Selection of an appropriate discount rate is more important. The
discount rate will bias the analysis and may change the recommended
alternative [8]. Selection should be based on the information collected
in Step 6 and reflect at least the cost of borrowed capital for the
amount which is expected to be financed. Five percent per year was used
in this example.

Step 15 - Convert all Benefits and Costs to a Common Time Frame

Comparison of benefits and costs must be made for the same time
frame. Benefits stemming from reduced flood damages occurring annually
over the life of the project cannot be compared directly, for example,
with construction costs which occur over a short period of time at the
beginning of the project. All benefits and costs must be converted to
either present worth or annual worth before comparison, using compound
interest factors, which account for the time value of money. In this

example, all benefits and costs were converted to present worth. See
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the last two comumns of Tables III-7 and III-8.

Step 16 - Compare the Benefits with the Costs and Select the Most
Economical Alternatives.

Evaluation and selection of alternatives is possible with a number
of methods, including the benefit-cost ratio, net benefits s(using either
present worth or annual values) and incremental rate-of-return [8,13].
Some alternative concepts may suffer because their benefits may be
difficult to identify or quantify but this is an inadequacy in the tech-
niques of benefit evaluation and not a fault of the particular economic
evaluation technique selected.

For simplicity, the net benefit method is presented here. It offers
less opportunity for computational error and will save time especially
if any last minute changes are made which require a rerun 6f the benefit-
cost analysis. It is not uncommon, for example, for decisionmakers to
ask what effect a change in the per acre ROW cost or what effect the
addition or deletion of certain costs or benefits would have on the

recommended alternative. The results are not affected by the

classification of certain items as costs or disbenefits which is

sometimes a problem with the benefit-cost ratio method [8]. The

net benefit is simply the value of the benefits minus the value

of the costs. Present or annual worth dollars can be used. Table III-9

is an example of the procedure for displaying net benefit information.
Table III-9 presents net benefits from the classes of benefits

considered. Along with this should be presented qualitative information

concerning other costs and benefits, particularly information con-

cerning social and environmental benefits and costs, and information

about distributional effects. Therelare numerous ways to accomplish

displays of this type. A suggested procedure would be to place the
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benefits and costs into categories according to the Water Resources
Council accounts and to display them accordingly. Another technique

is to formulate a matrix of benefits and costs, by category and by
incidence on different population groups, a Jlatter approach demonstrated

to apply to transportation problems. These techniques will be more fully

described in a later report.
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CHAPTER IV

STATE-OF-THE-ART OF ESTIMATING FLOOD DAMAGE
IN URBAN AREAS

When flooding occurs in urban areas the category of damage
normally reported in the press and therefore receiving most attention,
is direct damage to property. This is, however, only one of about five
empirical categories of flood damages [3].
The five categories are:
1. Direct damages
2. Indirect damages
3. Secondary damages
4. Intangible damages

5. Uncertainty damages

Direct Damages

In urban areas, direct damages occur basically to structures and
to public facilities such as roads, utilities, and associated facilities.
This appears to be the major category of flood damage which should be
considered. Damages to property vary according to the type of property,
it's value, and the cost to restore it to it's original condition.

There is a fair amount of data available for estimating damages to
residential property, but little data is available for estimating
industrial and commercial damages [7]. The main contribution of this
chapter is an in-depth analysis of the currently available data for

estimating residential flood damage.

Indirect Damages

Indirect damages include the value of lost business and services,
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the cost of alleviating hardship, safeguarding health, rerouting traffic,

delays and related phenomena [3]. The description of indirect damages

is very difficult and has not been delineated to the extent that they
can be individually estimated. The current state-of-the-art is to
take the indirect damages as percentages of direct damages. One set
of estimates that has received wide distribution was by the Corps of
Engineers [10]and is as follows:

1. Residential - 15%

2. Commercial - 35%

3. Industrial - 45%

4. Utilities -~ 10%

5. Public facilities - 34%

6. Agriculture - 10%

7. Highways - 25%

8. Railroads - 23%

Secondary Damages

Secondary damages may occur when the economic loss caused by
flooding extends farther than the losses to those whose property is
directly damaged. For example, people who depend on output produced by
damaged property or on hindered services may feel adverse affects [3].
Normally, the secondary damages tend to be offset by secondary benefits

and are not included in damage estimates.

Intangible Damages

With the recent issuance of the Water Resources Council Planning
Standards, intangible costs and benefits have received greater attention.
Some categories of intangible damages are: environmental quality,
social well being and aesthetic values. It is currently not possible to

estimate monetary values of intangible damages, but these should be
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considered as part of the total analysis for project justification.
There are several research projects underway leading to methods of
estimating the magnitude of intangible damages but we do not expect

hard quantitative information on this subject in the near future.

Uncertainty Damages

The occupants of a flood plain suffer because of the everpresent
uncertainty with regard to when the next flood will occur and how
serious it will be. The uncertainty damage cost may be calculated
as an amount in excess of the expected valué of the damages that flood
plain occupants are willing to pay to avoid a flood loss [3]. It has
been'shown that people are willing to pay annual insurance premiums
exceeding the expected the annual losses to avoid financial disaster
or even the financial inconvenience of irregular budgeting [3]. The
calculation of uncertainty damages is not straightforward and requires

a study of practices in buying insurance.

Estimating Direct Residential Flood Damage in Urban Areas

Estimating potential flood damages is an important problem in
planning federal, state or local water resources projects. The economic
importance of this has increased with the implementation of the Flood
Insurance Act of 1968 and the recent Flood Disaster Prevention Act of
1973. There is a paucity of published data for use by engineers in
making damage estimates, however. Actual flood damage data from surveys
remains in the files of agencies and insurance companies. A water
resources project with flood control may include structural, non-structural,

or a combination of measures. In any case, damages to be prevented by
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the potential flood control project must be estimated in order to
evaluate alternatives.

The seriousness of the lack of urban flood damage data was described
in a 1968 ASCE study,

"Because damage is primarily related to the flood,

damages are likewise evaluated with a sense of probability

of occurrence...The contemporary absence of a satisfactory

body of hydrologic and economic field data on urban storm

drainage system floods constitutes a liability of monu-

mental proportions in the assessment of those floods and

their associated damages." {1]
This study went on to advance suggestions for a research program to
Sﬁpply the needed basic data. These points are related to overall urban
hydrology data needs in a companion study by ASCE in 1969 [2]. These
two references make a good starting point for reading on urban drainage
and damagé problems. Of course, the general flood control literature
is also applicable to this question and an excellent starting point
is the paper by White [18].

This chapter presents a discussion of damage estimation methods in
use by engineers for calculating expected annual average flood loss (AAFL)
which is taken here to include only direct damage to buildings and

contents. It is recognized, of course, that other factors enter into
the calculation of loss, but this discussion is limited to direct
damage. There are three factons that enter into caleulation of AAFL;
stage-discharnge nelationships forn each reach of a rniver on drainage
basin, discharge-grequency data, and depth-damage curves. These are
combined to give damage-frequency curves, the area under which yields
the AAFL. In many flood plains where velocity and duration of flooding

do not affect flood damages appreciably, general depth-damage curves
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can be used in conjunction with the above hydrologic data to estimate
the AAFL. The curves presented in this paper are for this purpose.
Hopefully, the discussion generated by the paper will enrich the litera-
ture in this imﬁortant subject area.

The sources of data for the curves shown are estimating tables énd
curves preparea by federal agencies. These curves are mostly based on
generalized original data compilations from diverse sources. Some
potential sources of such estimating curves would be reluctant to
release their curves because of the difficulty in gathering,. analyzing
and presenting such data as discussed in [1]. Therefore, in presenting

these curves the writers are not suggesting that they be unquestionably

accepted for use but that they be considered for use and, if no
estimating curves are currently available to some agencies, perhaps
they can be adopted.

The paper is specifically restricted to residential structures
and contents. The enormous variability of commercial structures
renders damage estimation more complex. Some estimating values are
available [8,15] but by and large, this problem is not as well under-

stood as the residential damage question.

Current Practices of Estimating Direct Damages -

The techniques used to calculate direct damages can be clasgi}ied
in various ways. White uses two.main classifications; synthetic tech-
niques and stage-damage curves [19]. The authors have chosen three
categories to illustrate these techniques;'aggregate formulas, historical
damage curves, and empirical depth-damage curves. White's synthetic
techniques would encompass both the aggregate formulas and historical

damage techniques.
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Brown and James have published exampleé of the aggregate formula

approach [4,9]. For example James [9] suggests that for estimation

purposes,
Cp = Ky UMg h A | (1)
Where:
CD = flood damage cost for a particular flood event
Ky = flood damage per foot of flood depth per dollar of

market value of structure

U = fraction of flood plain in urban development

M. = market value of structures inundated in dollars per
developed acre
h = average flood depth over inundated area in feet

A = area flooded in acres

The historical damage curve method is presented by Eckstein [6}.
As shown on Figure IV-1, historical damages of fldods are plotted
against flood stage. For current validity, damage costs must be corrected
to present values by including additional construction (i.e., the develop-
ment of the flood plain) and by correcting for inflation.

The historical stage-damage curve can be used to calculate AAFL
by first using flood frequency and hydraulic methods to determine a
damage-frequency curve. The relation for AAFL may then be calculated

as the area under the damage-frequency curve, where, for computation,

N-1 [D, +0D, .
AAFL = A B (.., - P (2)
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Di = the damage for the ith flood selected
P, = exceedance probability of the ith flood
N = the number of flood magnitudes used in computation

The third and most common method iequires a property survey of the
flood plain and either an individual or aggfegated estimate of depth vs.
damage curves for the structures occupying the plain [5,12].. This infor-

mation is then related to stage-frequency curves to determine the

required damage-frequency curve. This method can be applied with the

degree of detail appropriate to the project size and cost.

Use of Depth-Damage Curves

Generally speaking, four inputs are needed to compute the AAFL.
These are: the first floor elevations of the structures in the flood
plain (or the elevation where floodwater enters the buil&ing), the stage-
frequency curve for the stream reach, the depth-damage curves for the
structures in the study reach, and the value of the structures (with
contents) in the flood plain. This is illusfrated in Eigure IV-2.
Structures can include roads and other facilities such as utilities
but damages to these are usually negligible in comparison to houses
and businesses.

One of the problems for an engineer when using the damage tables
available is that the value of the structure and the value of the contents
are normally computed separately. When making a first estimate or
studying a small project, a "rule-of-thumb" must normally be used to
relate value of contents to structure value or separate surveys of
contents and structure values must be performed. The latter is uneconomi-

cal for small projects and first estimates, so a method is needed to
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combine the damage to structures with damage to contents to yield a
total depth-damage relationship. There are mixed feelings regarding
the validity of such a combination. Some feel that contents must be
valued separately because their value varies relative to the value of
the structure over time. Others feel the two quantities can be combined
without loss of accuracy.

A sfatistical survey relating structure value to contents was
conductéd by the Stanford Research Institute (SRI)E?]. From their

data, a regression equation was developed with the following results:

'
100 = = 42.0818 - .00072 V, | (3)
< .
Where:
Vc = market value of contents
Vs = market value of structure in dollars

The standard error was 15.49 and the coefficient of correlation
was .32 revealing that the value of the contents varies considerably
in relation to the value of the structure. It does appear that the
value of contents declines relative to the total value of structure
as the value of the structure increases. For example, assuming the
above relationship, the contents of a $20,000 house would be around
28% of $20,000 or $5,500. There is some evidence that the fatio does
not continue to decline as the market value of the structure increases
beyond $35,000.

A flood study conducted in 1964 by a Federal agency usgé 32% of
the structure value to compute the value of the contents. A majorv

insurance company uses 50% and states that this may be high or low,
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depending on the circumstances. Another Federal agency feels that 30%
of the structure value is a good approximation for the value of the
contents.

When depth vs. percent-damage data is availablé separately, a
combined relation for a given flood event can be developed as foliows:

Assuming contents to be valued at 30% of structure value,

= 4
Ve = Vst Ve (4)
= D_\ - 5
D, DV, + DCVc (5)
D, DS D, ]
— —— e m— . ()
\Y 1.3 4.33
t
Where:
Vt = total market value of structure and contents
Dt = total damage to structure and contents in dollars
Ds = fraction of the structure damaged
D, = percent of contents damaged

This relation can be used to develop combined curves for total percent

damage as a function of stage for different types of property.

Depth vs. Percent-Damage Curves

The following graphs were compiled in order to demonstrate
variations in depth-damage data available. The curves are based on
tables and curves obtained from references [12,13,14,16]. Some assump-
tions were necessary to plot the curves on an uniform format and the
curves in the references are given as guidelines only, not as verified
data. Nevertheless it seems worthwhile to compare the relationships in

use so that engineers can be guided in their selection of estimating
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values. It should be noted that the Federal Insurance Administration
(FIA) curves shown are the earliest versions and may be revised. FIA
appears to be making a credible attempt to synthesize data and develop
reliable estimating curves, and engineers interested in this subject
should stay in touch with their work.

Figure IV-3 through IV-6 show depth-damage curves for four main
types of residential structures. Figure IV-7 shows a comparison between
one type of house with and without a basement. Figure IV-8 is the
result of a study conducted by the TVA [12] which indicated that houses
of one type had similar depth-damage curves regardless of actual value.
The classes of structure plotted on the graph represent four price.
ranges of one—story houses without basements. However, one study cast
some doubt on this popular assumption that houses of one type have
similar depth-damage curves.

The relationship shown on Figures IV-3 through IV-8 may be used by
engineers for estimation purposes. The wide variation in the curves
waves a flag of caution, however, as recognized by the agencies using the
curves. Because of the many flood damage mitigation studies now under-
way, it seems that some guide should be available. For the case where
the engineer is comparing alternative flood control measures, any
reasonable stage-damage curve will provide a relative measure of damages.
The pitfall would be to assign too much accuracy to resulting estimates.

Based on the curves presented, the FIA relationships appear to be
the most reasonable for estimation purposes, if for no other reason than
that they "split the middle." The FIA has based their curves on a sub-
stantial data base and the curves certainly appear reasonable. Having
the advantage of the previous studies of the other agencies, it is

expected that the middle range would be the one selected by FIA.
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Conclusions

A great deal of additional research on flood damage estimation
procedures is needed. As with many other water problems the basic
need is accurate data that can be used to define empirical relation-
ships. Further work is needed to relate the value of contents to the
value of the structure. Perhaps the insurance industry will ultimately
develop this data. There are many umanswereq éuestions, such as whether
structures of one type have the same depth-damage curves regardless of
. their values. Studies to relate the time variation of structure value
to the value of the contents are needed. More data about commercial
and industrial damage is needed. In one case reported, commercial
damage is 70% of flood damage [5].

Research by the federal agencies involved in flood studies has
resulted in the accumulation of useful information for damage estimates.
Though the agencies are continually updating their information, con-
sulting engineers and local agencies need useful information now for
use in smaller scale projects; The curves presented in this paper will
hopefully help to meet this need. The curves exhibit wide variation.

To consider this, it is suggested that sensitivity studies could be made
to examine net project benefits under different damage schedules. This
would lead to more realistic projéct evaluation.

The writers invite discussion of this paper from individuals and
agencies with experience in estimating flood damages. If enough data
could be made available, comprehensive curves could be published in the

discussion closure adding substantially to the curves presented here.
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CHAPTER V
FINANCIAL, POLITICAL AND LEGAL ASPECTS
OF IMPLEMENTATION

Implementation is the most crucial phase of an UDFC project.
Without the necessary approvals and funds, all of the planning,
engineering and economic analysis is in vain. This point is well
known in public works circles, especially regarding drainage
problems. The point was made earlier that in the comprehensive APWA
drainage report of 1966 [6] over half of the recommendations were for
more work on implementation and financing.

Earlier in this report the point was made that benefits of UDFC
projects must be identified, displayed and championed by Public Works
managers during the programming and budgeting processes. It is during
these phases that methods of finance (and thus implementation) must
be developed.

There should be a distinction between types of projects and sources
of finance because answers to the questions of incidence and equity vary
with different projects. Table V-1 demonstrates some common practices
regarding finance sources for different project types. Figure II-1
earlier demonstrated that major and minor UDFC projects resulted in
different types of benefits and their justification must be accordingly
for different reasons.

There is a rather sparse literature on financing problems of UDFC
systems. A recent WRC publication covered some state ordinances on
selected financing techniques [7]. There is some literature on special
assessments [2,4], but very little in the way of‘overview documents on

this subject. There does, of course, exist a well developed literature
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Table V-1.

Sources of Finance for Different
Types of UDFC Projects

F
Project
Type Minor . Major
Develop- Projects Projects
ment Phase
Existing General Tax Fund General Tax Fund
Development Special Assessment Special Assessment
Special Grants Special Grants (for flood
(for drainage) control, multi-purpose
Service Charge developments)
New Developer's Respon- Basin Fees
Development sibility Master Planning
Basin Fees Dedications
Master Planning Anticipatory Zoning
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on the subject of public finance at the federal, state and local
level. This is a respectable discipline within the economics/public
administration disciplines. The reader is referred to {5] for an
overview of this area. Finally, there exist a number of references
related to rate setting and service charges for utilities, some of
which may be applicable to this problem (See[l],for example).

Whenever the questions of ‘implementation ahd finance arise,
legal arguments must be satisfied before a plan can prqceed. In the
provision of urban public services of all types, benefit-cost analyses
are on shaky ground until the term benefit is specifically defined.

For the most part, it has not been specifically defined in formal
legislation, at least not for UDFC in the State of Colorado. The next
chapter is devoted to a legal analysis of this problem.

There are three basic methods which can be used to raise funds for
urban drainage facilities: (a) General ad valorem taxes; (b) Special
assessments, and (c) Service charges or fees which users must pay. The
essential elements of each method are noted in the paragraphs below.

General Ad Valorem Taxes. Most local governments are authorized to

levy taxes against property within their jurisdictions for the general
benefit and public health, welfare and safety. Some localities, such
as Denver, also have head and sales taxes which generate revenue for a
general fund. If a local government so desired, drainage projects
could be funded‘by using monies from such general funds.

Special Assessment. In special assessments, property is assessed

according to the benefdts received from the specific drainage improve-
ment being made. The Colorado statutes (See Chapter 89, Section 2,

Colorado Revised Statutes) provide that it is lawful to construct
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improvements and to assess the cost thereof upon property especially
benegitted by such improvements. The term specially benegitted has been
generally defined by state courts as increase or enhancement of value in
property. However, at present, the Colorado statutes do not define the
terms benegit or especially benefitted, so their precise meaning may

be subject to interpretation.

Service Charges or Fees. Service charges should be distinguished

from assessments or taxes, since the law places different requirements
on each. Service charges may be generally defined as amounts imposed
to defray the costs of particular services rendered for one's account.
Important elements‘in such charges are the actual provision of some
tangible service or commodity, a relation between the charges imposed
and the value of the service rendered, and a specific usage of charges
collected for the provision and maintenance of the particular service
and service facilities. An example of such charges would be the fees
paid for water and sewer services. In both cases, as with drainage
facilities, a collection and distribution network is required which may
involve transmission facilities and larger works at various points
within the network. Although, at present, there is no specific statutory
authority for service charges or fees for drainage, such a method of
charging users has precedent with water, sewer, airport, etc. user fees.
The financing question for UDFC problems is an important one which
has not been resolved locally or nationally. This question is inter-
twined with the need for better benefit-cost analyses and, in fact, a
benefit-cost analysis would be useless if it did not lead to an

equitable method of financing.
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Financing questions have not been addressed in depth in this study.
An earlier study for the Urban Drainage and Flood Control District dis-
cussed in detail the alternative measures available, but the results of

this study have not yet been implemented because of certain financing

constraints [3].

112



CHAPTER V - REFERENCES
APWA, ASCE and WPCF, '"Financing and Charges for Wastewater Systems,"
1973.

Barnard, J., et.al., Engineering Legal and Economic Aspects of
Storm Sewer Assessments, The University of Iowa, October, 1973.

Beck, R. W. and Associates, '"Financing Study, Urban Drainage and
Flood Control District," Denver, Colorado, October, 1971.

Dague, R. R., '"Storm Sewer Assessments - The Des Moines Plan,"
Public Works, August, 1970.

Herber, B. P., Modern Public Finance: The Study of Public Sector
Economics, Irwin, 1971.

Poertner, H. G., "Urban Drainage Practices, Procedures and Needs,"
APWA, December, 1966.

U. S. Water Resources Council, Regulation of Flood Hazard Areas,
Vol. 2, 1972.

113



CHAPTER VI
LEGAL PROBLEMS OF ESTABLISHING BENEFITS*

A tunnel which, though serving no useful purpose as an
isolated transportation unit, is intended to furnish an
avenue or highway to be leased to public transportation
agencies, is a public improvement for a public use, for
which taxes may be imposed. Milheim v. Moffat Tunnel .
Improvement District :

Colorado has a history of finding legal justification for public
improvements. The quotation above is from a famous case involving an
even more famous engineering feat, that of building a railroad tunnel
through the Rocky Mountains, which later also housed a 108-inch water
pipe. That case has set a precedent on which proponents of urban
drainage projects may also rely. In so doing, it is important to under-
stand the distinction between 'general benefits' which accrue to the
community at large as contrasted with ''special benefits" which must
accrue directly and solely to the owner of the land in question and not

to others.

Introduction

Most public improvements, including urban drainage projects, are
financed with revenues obtained from taxes paid by the public.2
Drainage improvements in rural areas have long been financed by estab-
lishing drainage districts3 which assess rural lands for the cost of

building and maintaining drainage facilities. Urban areas have been

*

This chapter contains a paper entitled "What Constitutes Benefits for
Urban Drainage Projects" by Joseph Shoemaker. This paper will appear
later in the Denver Law Journal.
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given authority to use local improvement and special improvement
districts to build drainage works.4

In local improvement districts, the property owners vote on the
issue of whether their property should be taxed to pay for the improve-
ments. Whether their property will benefit to the extent of the addi-
tional taxes is the determinative issue.

In special improvement districts, the property owners are assessed
in relation to the benefits bestowed upon their property by the con-
struction of the improvement. The assessing government eventually has
the burden of showing these benefits.

In the application of user fees foward the construction of
drainage projects, the users are entitled to question whether the fee
paid is commensurate with the cost of the facility and the benegits
received from the use of such facility.

Any governmental builder who is responsible, will clearly delineate
the benegits to be received by his constituents from proposed drainage
projects before adding to the general taxation burden of those same
consitutents the amount necessary to derive revenues to pay for the
drainage projects. Therefore, whether the urban drainage project is of
""general benefit'" or "special benefit," someone in government - whether
administrative, legislative, or both - has to know what the judicial
branch ultimately may hold to be a legal "benefit" for which taxpayers
may be taxed.5 The objective of this Article is to provide some back-
ground on what courts in Colorado and elsewhere may decide. Certainly,
a good drainage system is indispensible to good urban living conditions.

Drainage projects have had minimal success in competition with

other public improvements, such as housing, transportation, etc.
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because the benefits of drainage projects have been narrowly construed
in those cases involving '"special improvement districts' as a taxing
mechanism, where "special benefits'" have to be proved.

This article's main undertaking is to demonstrate that the narrow
"special benefit" viewpoint is to be distinguished from the '"general
benefit' definition so that public builders of urban drainage projects
may have the justification needed to merit their use of taxpayers'
dollars. The legal meaning of benegits as interpreted by the courts

in different factual settings will be examined.

Special Benefits

The common place problem of surface water drainage has
been around for so long that some municipal officials
have ignored the flood and health hazards which outmoded
drainage systems pose to our growing cities.

When the above statement was made in 1968 by this author, it was
a reflection of the practical frustration inherent in trying to use
the special improvement district as a funding mechanism for drainage
. 7
improvements.

The legal hurdles that have developed over the years in ''special
assessment' cases have been enough to discourage the most energetic
public works official from ever attempting to solve drainage problems.

This brief section will review that method of financing drainage
improvements, if only to show that the narrow legal interpretation of
"benefits" relates to the method of financing, not to the need for
urban drainage improvements.

Most statutory enactments which relate to the authority of local

governments to construct drainage improvements follow this general

form:
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The City and County shall have the power to contract for
and make local improvements, to assess the cost thereof
wholly or in part upon the property especially benefited
and the cost shall be assessed in proportion to benefits
received.

This method of financing an improvement follows the historical
language contained in statutory authorization9 allowing farmers to join
together in a District to drain their lands by tiling, building drainage
channels, or deepening existing natural waterways. Property owners
paid the cost (usually minimal) of such projects by assessing a mill
levy against properties in the district commensurate to benefits
received.

One of the noteworthy observations of Article 4, Chapter 47,
C.R.S. 1963, is the fact the statute has eighteen sections but nowhere
is the word "benefits' defined. This lack of definition by 1egislators
of "benefits' has left the job to the courts. Generally, the cases tell
what '‘benefits" are not, and from this narrow interpretation of legis-
lation, municipal officials interested in building drainage improve-
ments have been discouraged. What follows is an attempt to put into
perspective what appears to be the narrow meaning of 'benefits'" in
"special assessment' cases. In each case a particular property tax-
payer, not the general public, brought the appeal, which was based on
the owner's contention that his property was not specially benefited,
meaning, it received no more benefit than any one else's property.

The foundation of the right to levy assessments for
drainage improvements is the particular benefit re-
ceived by the property charged.10

A landmark case (for the language the court used, because the

court's decision did not grant relief to the plaintiff property

owners who were appealing a special assessment) is Ferguson v. Borough
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of Stamford,11 where the court stated that improvements may not be
assessed upon those benefited only as members of the community at large.
Nor may they be assessed to an amount greater than the amount of benefits
conferred. Like all other taxation, they should be apportioned as far
as possible, equitably among all who are similarly interested.

General benefit alone will not support an assessment to

pay the cost of a drainage project. There must be a

special benefit to the property to be charged, tending

to increase its value, or to relieve it from a burden,

or to adapt it to a superior or more profitable use.l2

Another case defining the elements of ''special benefit'' with more

certainty is In re Drainage District No. 100,13 where it was declared

proper to consider whether a drain will make the land more valuable for
tillage, or more desirable as a residence, or more valuable in the
general market, the final test being the influence of the proposed
improvement on the market value of the property.

In Hoepner v. Yellow Medicine County}4'a county in Minnesota

proposed to convert part of a natural waterway into a public drainage
ditch and outlet. The plaintiff's land was separated from the natural
waterway by about 1,000 feet, and the land had some sloughs, the largest
of which drained through a private open ditch across a neighbor's

land to the natural watercourse. The Minnesota Supreme Court stated:
"The question presented is whether a landowner as a matter of law
receives assessable drainage benefits in a drainage improvement proceeding
soley by reason of the fact that the surface water on his land is drained
into the public ditch involved, even though he had a right to use, in

its natural condition, the outlet which is to be the public ditch and
even though there is no showing that the public ditch offers a better

outlet."
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It was contended by the County that the deepening of the creek
would facilitate tiling of plaintiff's land and give an advantage of
subsurface drainage. Plaintiff contended that the open ditch presently
used adequately drained the subsurface; in fact, that the open ditch
had a greater capacity for drainage than any tile which could be
installed.

The county also contended that plaintiff's outlet to the natural
water course was only based on the oral permission given by the
neighbor and that the public improvement would make the outlet more
accessible.

The court, in affirming a jury trial and decision in lower court
that plaintiff would not be benefited, used the language of the statute
involved, Section 106.151, Minnesota Statutes, to justify its position,
namely: Lands may be assessed for benefits when the construction of the
drainage system 'Makes an outlet more accessible, or otherwise directly
benefits such lands or properties." The court held neither to be the case
here.

In Cirasella v. Village of South Orange,15 the question was raised

whether or not a storm sewer improvement provided a peculiar benefit to
the plaintiff's property which was not contiguous to the storm sewer
improvement and was not contiguous to any pipe or pipes carrying surface
drainage into the storm sewer. The improvement had been built to carry
the surface runoff from the lands of plaintiff and others. The Court
in affirming a lower court ruling that plaintiff's lands were not
"benefited,'" stated at 155 A. 2d, 136, 137:

. Assessments, as distinguished from other kinds of

taxation, are those special and local impositions upon
the property in the immediate vicinity of muncipal
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improvements, which are necessary to pay for the
improvement, and are laid with reference to the special
benefit which the property is supposed to have derived
therefrom. 14 McQuillin, Municipal Corporations (3rd
ed.) sec. 38.01, pp. 11-15. The foundation of the
power to lay a special assessment or a special tax for
a local improvement of any character, whether it be
opening, improving or paving a street or sidewalk or
constructing a sewer, or cleaning or sprinkling a
street, is the benefit which the object of the assess-
ment or tax confers on the owner of the abutting
property, or the owners of preperty in the assessment
or special taxation district, which is different from
the general benefit which the owners enjoy in common
with the other inhabitants or citizens of the municipal
corporation. Accordingly, it is not well settled in
most jurisdictions that adjacent property may be specially
assessed to defray, in whole or in part, the cost of
local improvements by which such property is especially
benefited. That doctrine, as stated is based for its
final reason on enhancement of values. That is to say,
the whole theory of local taxation or assessments is that
the improvements for which they are levied afford a
remuneration in the way of benefits. Whether the
property has been specially benefited by an improvement
is generally regarded a question of fact, depending on
the circumstances in each case, for the determination of
the proper tribunal. The broad question is whether the
general value of the property has been enhanced, not
whether its present owner receives advantage.
McQuillan, supra.16

In Frank v. Renville County,17 another Minnesota case, the factual

dispute was set forth in some detail and illustrates in words the
historical conflict in most "special assessment'" drainage cases. The
County constructed a drainage ditch across the plaintiff's land and
determined benefits accrued to the land. Damages to the plaintiff's
land were also established and the plaintiff appealed both on counts
that benefits were assessed too high, and damages too low.

The plaintiff's position was that a 200-acre farm which produced
an average annual income of $12,500 could not be benefited to the
extent of $3,000 by any drainage system when only three or four acres

of crop on this land was lost in two out of five years. He further
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claimed his land was damaged substantially and materially by construction
of a 40-foot ditch across his land.

The County contended the improvement would necessitate less
maintenance than plaintiff's tile system; result in water moving more
rapidly from the tract; and water would be cleared from several acres
where it was covered most of the time. Plaintiff contended that the
creation of banks caused by increasing the depth of the ditch from
eight to ten feet; the loss of a crossing over the difch and resulting
inconveniences to his farming operations were damages for which he should
be compensated.

The Supreme Court reversed the lower court and remanded the case
for a new trial on both issues: The '"benefits" assessed to the plaintiff
and the damages awarded to him.

Colorado's Supreme Court has spoken decisively and consistently on

the same issue.18 In Santa Fe Land Improvement Co. v. City and County

of Denver,19 a sanitary sewer special improvement district case, the
Court stated that special assessments are permitted upon the theory that
the property against which they are levied derives some special, immedi-
ate, and peculiar benefit by reason of the improvement, in addition to,
and different from that enjoyed by other property in the community out-
side of the district in which the improvement is made; in other words,
that the local improvement peculiarly enhances the value of the property
against which the assessment is levied, to an amount equal to, if not in
excess of, the amount of the special assessment.

In Hildreth v. City of Longmont,20 upholding a District Court ruling

that property was benefited, the Court at page 114 stated that generally

speaking, only such benefits may be assessed as may reasonably be
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expected to benefit the property other than the general benefit to the
community, and nothing is to be considered a benefit which does not
enhance the value of the property. Vacant lots may have no present use
for a sewerage system; but it adds to their value by giving them a
sanitary advantage which renders them salable at a higher price which
they otherwise could not command, because of their increased
desirability.

Fort Lupton v. U.P.R.R. Co.21 was an action by the railroad to

enjoin the City of Fort Lupton from assessing railroad property for
street and curb improvement. The railroad pointed out that the street
improvementiprovided no additional access for its customer traffic,

no increase in revenues to the railroad, and no physical benefit to the
railroad's property. The Supreme Court affirmed a lower court's finding
that '"mo benefit inured to the railroad,'" (at 156 Colo. 354) despite

the city's contention that a declaration of benefits by the City Council
"shall be prima facie evidence of the fact that the property assessed

is benefited in the amount of the assessments."

It should be apparent at this point that some differences exist
between the definitions of 'special benefits' depending upon whether
urban or rural land is involved. The cases cited herein generally agree
that wiban Land is specially benefited if its market value is increased
by the installation of storm or sanitary sewers. Thus even vacant
urban land may be specially benefited by such improvements, as its
market value and salability increase. I should be noted that the
increase in value £is a benefit which may never be converted to cash by

a Land owner if he never sells on thansferns his Land, and thus may
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never be nealized. In the case of a sanitary sewer, the actual use
thereof is a benefit tangible enough to justify assessment.

When rural Land 4is involved, the cases seem to imply that a
present special benegit is necessary. Rural Land often seems to require
some agriculturally-related benegit, such as drainage of flooded land
for use as crop land, or increasing runoff to promote earlier planting.
These benefits are often balanced against cost and inconvenience to the
rural land owner. Increase in land value may also be a consideration
in assessing rural drainage projects.

Special benegits, then, have at Least one common denominator in
economic value. 14 a monetary benegit can be shown to have accrued to
a Land owner by reason of an improvement (increased market value,
Ancreased crop production, ete.), then special assessment becomes monre
geasible. Difficulties may arise where no value can be assigned to an
Amprovement by a Landowner such as the drainage of Land used as a refuse
dump by the ownen.

The nequirement should also be nemembered that an improvement must
have a unique and distinguishable benéﬁi/t to the Land owner, apart from
and beyond benegit to the public at Rarge, in onden to fjustify special

assessment.

General Benefits

It is not expected that 'special benefits' will be defined in
legislative enactments because of the relationship of the method of
taxation to the individual property.

To the contrary, it would be most helpful to builders of drainage

improvements if legislative bodies did speak to potential types of

123



benefits from urban drainage projects, leaving exact dollar amounts
to facts of each proposed improvement.

Black's Law Dictionary, 4th Edition, defines Benefit as follows:

Benefit. Advantage; profit; fruit; privilege. '"Benefit" is not limited
to pecuniary gains, nor to any particular kind of advantage; it refers
to what is advantageous, whatever promotes prosperity or happiness,

what enhances the value of the property or rights of citizens as

contradistinguished from what is injurious. Hooper v. Merchants' Bank

and Trust Co., 190 N.C. 423, 130 S.E. 49, 52 (1925).

Ballentine's Law Dictionary, 3d Edition, defines Benefit as follows:

A contribution to prosperity; whatever adds value to property; advantage;
profit; whatever promotes our prosperity, happiness, or enhances the
value of our property rights, or rights as citizens, as contradistinguished

from what is injurious. National Surety Co. v. Jarrett, 95 W. Va. 420,

121 S.E. 291 (1924). (An interpretation in a Will case of a power to
dispose of property whenever necessary for the person's benefdt, use,
and comfort.)

The leading Colorado case of Milheim v. Moffat Tunnel, n.l supra,

goes into some detail as to what constitutes a general public benefit.
A number of plaintiffs brought suit to enjoin the defendants from
proceeding under a statute creating a tunnel improvement district, the
ground of the action being that plaintiffs' property would be
burdened by an illegal tax.

Issues of law and fact were presented as to the benefit to the
property subject to assessment.

The District Court of Jefferson County heard evidence upon the
question of benefits and found for the defendants. The Colorado Supreme

Court affirmed.
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The Improvement District was created for the construction of a
transportation tunnel through the Continental Divide for communication
between western and eastern portions of the state. Properties in nine
counties were to be assessed. One of the contentions of the plaintiffs
was that the improvement was not for public use. The Court, at 651
stated:

A use may be public though not many persons may
enjoy it. This is well-established, the require-
ment being that the improvment be open to use by
all persons who have need of it,

If the business proposed to be carried on is essentially for
public benefit and advantage, then the use is public.

In determining a public use,

(a) The physical conditions of the country,

(b) The needs of the community,

(c) The character of the benefit which a projected
improvement may confer upon a locality,

and (d) The necessities for such improvement in the development
of the resources of a state

are to be taken into consideration.

It was further contended that the benefits are unequal. The
Court, at 653, stated: '"The law does not require that the benefits
should be exactly equal."”

The plaintiffs also objected on the grounds that no special
benefits accrued to the property owners in Jefferson County because of
the tunnel. The Court noted, at 654, that the tunnel would make possible
the delivery of coal in Denver at a considerably lower freight rate,
and hence would likely promote the growth and prosperity of the city.
That being true, the lands in Jefferson County within the district would

assuredly increase in value with the growth of Denver.
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At page 658, a concurring opinion noted that the area of the
District is cut off from intercourse with the rest of the world for
many weeks in the year. The interference with, and sometimes complete
lack of communication with other parts of the state interrupts and
jeopardizes commercial intercourse of all kinds. Products from this
vast and fertile territory cannot be marketed with any degree of
assurance. The proposed improvement would benéfit the district in a
peculiar and local way above any possible benefit to the State at large.

In a more recent case involving the ecological impact of a

proposed project, Seaside Industries v. Florida Power § Light,22 a

court found that since the constitution declared the policy of the
state as to natural resources, the protection of resources is an
appropriate matter for consideration in condemnation cases. The
plaintiff maintained that the canal to be built to carry spent cooling
water from a generating plant to the body of water into which it was to
be discharged, was unnecessary because spent water would harm the
permanent body of water. The Court found that defendant successfully
showed that the discharge would be acceptable and no irreparable harm
would result.

Another case distinguishing assessments for benefits to the
general public from assessments to particular property not specially

benefiting, is Crampton v. Royal Oak. 362 Mich. 503, 108 N.W. 2d 16

(1961).

The City of Royal Oak Created a special assessment district in a
downtown area for development of pedestrian malls and plazas, among
other improvements. Plaintiffs contended their property would not be

""'specially benefited'" and that the assessor's method of assessing,
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namely: One part on assessed value of the land for general tax purposes
and second part based on closeness or remoteness and square footage of
each parcel, was in error.

The court reversed a lower court which had upheld the assessor's
method. In declaring that special assessments must be based on special
benefits and not on assessed valuation, the Court referred to an earlier

Michigan decision, Grand Rapids School Furniture Co. v. City of Grand

Rapids, 92 Mich. 564, 52 N.W. 1028, 1029 (1892), in which it was stated
that assessors "are simply to apportion a fixed amount, not with reference
to values alone, but also with reference to needs, necessities, and
advantages."

The Michigan court also reaffirmed an earlier principle that
"future probable advantages may be considered in assessing benefits, and
incidental benefits may be taken into account as well as those directly
received by the land.' .

The court further stated: 'The improvement here involved is not
primarily one for the protection of property but is designed to benefit
the city as a whole, and the property within the assessment district
specially, by promoting the use and enjoyment thereof and enhancing its
value . . . In a case of this nature, consideration must be given to the
purpose to be attained by the public improvement sought."

In this case, the assessment was set aside by the Court and the
municipality was given the right to substitute a new assessment based
on benefits received by each parcel of land within the assessment
district.

In a concurring opinion for reversal, Justice Black observed that

what could be benefits for some in the assessment district could be
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detrimental for others in the district. He quoted from the City's
brief as follows:

It takes no great imagination to see that an area
easily accessible to pedestrian and motorist alike
in safety, free from fast moving through traffic
and congested local traffic with its attendant
noise, fumes and general commotion, systematically
and conveniently planned and laid out, generously
interspersed with large free parking areas, and
beautified with landscaping and decorative malls
and plazas, is to be preferred far and away over
its opposite counterpart.

He then went on to agree with these benefits as related to some
property owners, but pointed out that the diverted traffic, fumes and
noise could be a detriment to others,

Such a project benefits, yes. The shopper is
convenienced and attracted by comfortable ways
of spending money, and the adjacent places of
business do more business. But that business,
so attracted, must be taken from other less
attractive spots. Such is Confucius' law of
competition. It affords no basis for compulsive
contribution of those adversely affected, or at
least those who receive no like benefit.

Health and sanitation improvements have been cited by several
courts as a basis for assessing lands for drainage improvements.

Even though it is impossible under the circumstances to ascertain
the exact monetary benefit resulting directly to land from a drain,

the land may nevertheless be subject to assessment on the basis of

improvement in health and sanitation.2

Legislative Action

"The legislature is vested with a wide discretion
in imposing taxes.'" Bedford v. Johnson, 102 Colo.
103, 78 P.2d 373 (1938).

A state legislature, in the absence of any constitutional
restriction, may fix the basis of assessment or taxation, and whenever

it does so, such method must be followed to the exclusion of any other.25
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As was noted previously, the Colorado Statutes use the words
"benefits" and '"specially benefited" but nowhere do the Statutes
define the terms. Since the Legislature has seen fit to relate
assessments and taxation to benefits, specifically as related drainage
projects, the next step should be the establishment of criteria for
determining what constitutes "benefits".

The engineers and planners who are working with urban drainage
projects can provide‘valuable assistance to the Legislature in
defining "benefits" from drainage improvements by outlining the

particular benefits inherent in such projects,

Summary

The need for adequate urban drainage and flood control systems
in metropolitan areas is clear. However, implementation of such systems
is being hindered by hesitancy of local officials to act in light of
the statutory requirement that assessments be made according to
""benefits'" received, while the meaning of "benefits" remains undefined.
The following proposed statutory definition of "benefit" would help
to clarify the situation, and its enactment would be a positive step
toward encouraging needed urban drainage improvements.

The term benefit, for the purposes of assessing
a particular property within a drainage district
(or special improvement district), shall include,
but shall not be limited to, the following:

a. Any increase in the market value of
the property;

b. The provision for accepting the burden
from specific property for discharging
surface water onto servient property in
a manner or quantity greater than would
naturally flow because the dominant owner
made some of his property impermeable;

C. Any adaptability of property to a
superior or more profitable use;
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d. Any alleviation of health and sanitation
hazards accruing to particular property
or of public property in the district if
the provision of health and sanitation is
paid for wholly or partially out of funds
derived from taxation of property owners
of the district;

e. Any reduction in the maintenance costs of
particular property or of public property
in the district if the maintenance of the
public property is paid for wholly or par-
tially out of funds derived from taxation
of property owners of the district;

f. Any increase in convenience or reduction
in inconvenience accruing to particular
property owners, including the facilita-
tion of access to and travel over streets,
roads and highways;

g. Aesthetic, ecological or recreational
_improvements accruing to particular property
owners as a direct result of the drainage
improvement .

The United States Supreme Court has ruled that the fact that lands
included in a drainage district will receive no direct benefit is not
per se enough to exempt them from assessment.26 Therefore, assessment
according to the above model definition of benefit is well within
judicial 1imits.27 The Legislature should take the necessary action to
enact such a provision defining benefits as a broader term than most
state courts have followed as a step toward encourageing the construction

of needed urban drainage improvements.

Footnotes

1. 72 Colo. 268, 211 P. 649 (1922), 262 U.S. 710, 43 S. Ct. 694 (1922).

2. Private funds sometimes are received. User fees are becoming more
popular as a means of financing public projects, e.g., airport
facilities, sewage treatment works, turnpikes, water works.

3. Colo. Rev. Stat. Ann.
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10.

Colo. Rev. Stat. Ann. §89-2-1 (1963): "It shall be lawful

. to construct any of the local improvements mentioned in
this article and to assess the cost thereof . . . upon the
property especially benefited by such improvements." Further,
"Such improvements may also consist of the construction of

sewers . . ." Colo. Rev. Stat. Ann. §89-2-2 (1963).

Legislation is needed in Colorado to define '"benefit'"; a
proposal will be discussed later.

Shoemaker, An Engineering-Legal Solution to Urban Drainage

Problems, 45 Denver L. J. 381 (1968).

Since that article was published, and to a great extent because
of the article, the Colorado Legislature in 1969 provided for the
establishment in the Denver Metropolitan Area (Adams, Arapahoe,
Boulder, Denver, Douglas, and Jefferson Counties) of the Urban
Drainage and Flood Control District with a mill levy authority
of one-tenth (.1) mill for planning purposes and authority to
seek two (2) mills for construction of projects. In 1973, the
Colorado Legislature added an additional authorization to the
Board of four-tenths (.4) mill for construction of drainage and
flood control improvements.

City and County of Denver, Colo., Charter, §8A 2.4, A 2.6.

Colo. Rev. Stat. Ann. §47-4-] (1) (1963): "The tracts of land

which will receive most and about equal benefits shall be marked
one hundred, and such as are adjudged to receive less benefits
shall be marked with a lesser number denoting its per cent of
benefit."

25 Am. Jur. 2d Drains and Drainage Districts §45 (1966) .
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11.

12.

13.

14.

15.

16.

60 Conn. 432, 446, 22 A. 782, 787 (1891).

25 Am. Jur. 2d Drains and Drainage Districts 8§46 (1966).

161 Neb. 758, 74 N.W. 2d 528 (1956).

241 Minn. 6, 62 N.W. 2d 80 (1954).

57 N.J. Super. 522, 155 A. 2d 134 (1959).

For purposes of determining whether property will be benefited by
creation of a parking district, '"benefit" is usually considered
as tending to reflect enhancement in market value of property and
local zoning ordinances are matters which help determine the

market values. Jeffery v. City of Salinas, 42 Cal. Rptr. 486,

493, 232 Cal. App. 2d 29 (1965).

The '"benefit" for which the owner of a lot is taxed for
manicipal improvements is not the benefit to the public at large,
or to any other person whomsoever but the owner o4 the Lof. The
phrases '"benefits'" and "increased value" are convertible terms,
and, where the tax is apportioned according to the increased value
of the lot, it is the same thing as the value of the benefit which

the owner receives from the improvement. Garret v. City of St.

Louis, 25 Mo. 505, 511, 69 Am, Dec. 475 (1857).

"Benefit" is the increment of value to land affected by
improvement, and represents the difference between market value
of land before improvement and market value of land immediately
after improvement. Benefits to be assessed for improvements must
be such special, pecuniary benefits as result to a particular
landowner by reason of his ownership of land affected, as

distinguished from general benefits to the public. Maywood Land

Co. v. Township of Rochelle Park, 13 N.J. Misc. 841 A. 696 (1935).
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17.

18.

19.

20.

21,

22.

The terms "benefits" and '"to be benefited," as used in an
act providing for organization of flood control districts, mean
that a landowner has received, or will receive, by reason of the
improvement, an increase in market value of his property.

Weyerhaeuser Timber Co. v. Banker, 186 Wash. 332, 58 P. 24 285,

289 (1936).
242 Minn. 172, 64 N.W, 2d 750 (1954).
Legal practitioners have questioned, however, whether the

landmark case of Milheim v. Moffat Tunnel, supra, is a special

benefit case or general benefit case. Or whether, because of the
novelty of the subject matter as opposed to a sewer or street
improvement case, the court came to its conclusion using both
"'special benefit'" and ''general benefit" language.

89 Colo. 309, 2 P.2d 238, 240 (1931).

47 Colo. 79, 105 P. 107 (1909).

156 Colo. 352, 399 P.2d 248 (1965). See also District 50

Metropolitan Recreation Dist. v. Burnside, 167 Colo. 425, 448

P.2d 788 (1968), where the Colorado Supreme Court upheld a
statute which excluded railroad property from levy for recreational
district purposes. At page 791, the Court stated: "The section
is a legislative declaration of what is obvious - that the
property excluded would not benefit from or have any use for,
playgrounds, golf courses and swimming pools."

It would be helpful if the Legislature were to set forth
what constitutes benefits, or criteria for public officials to use.

245 So. 2d 209, 45 A.L.R. 3d 1255 (Fla. 1971).
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23.

24.

25.

26.

27.

In a condemnation case, Backer v. Sidney, 166 Neb. 492, 89 N.W.

2d 592 (1958), a distinction between general and special benefits
was made as follows:

General benefits arose from the fulfillment of the
public purpose which justified the taking, and
resulted in public enjoyment of the work, while
special benefits arose from the peculiar relation
of the land in question to the improvement, and
were ordinarily incidental, arising from physical
changes in the land or proximity to a desirable
object.

In re Drainage District No. 100, 161 Neb. 758, 74 N.W.2d 528 (1956).

Garden of Eden Drainage District v. Bartlett, 330 Mo. 554, 50

S.W.2d 627, 631 (1932).

""What is termed hill land, when contiguous to or surrounded
by swampland, may be greatly benefited by draining such disease
producing swamps, or the means of ingress and egress to and from
such lands."

Clark v. City of Royal Oak, 325 Mich. 298, 38 N.W.2d 413, 38 N.W.

2d 413, 418 (1949); 261 U.S. 481, 43 S. Ct. 440 (1922); 261 U.S.
155, 43 S. Ct. 261 (1922).

Miller § Lux v. Sacramento Drainage Dist., 256 U.S. 129, 41 S. Ct.

404, 65 L. Ed. 859 (1921).
See Also:

Morton Salt Co. v. City of South Hutchison, 159 F.2d 897

(10th Cir. 1947);

Curtis v. Louisville § Jefferson Co. Metropolitan Sewer Dist.,

311 S.W.2d 378 (Ky. 1963);

Barten v. Turkey Creek Watershed Joint Dist. No. 32, 200 Dan. 489,

438 P.2d 732 (1968).
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