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Introduction

Purpose

This procedure is intended to serve as a guide for consultants and staff of the Flood
Control District ofMaricopa County in the economic analysis oflocal flood damage
reduction projects. It provides limited descriptions of the principles underlying
economic analysis and specific instructions for data collection and data summary
for benefit-eost analysis.

Performing benefit-eost analyses of flood damage reduction projects enables the
District to adhere to its General Policies Concerning the Allocation ofFiscal Resources to
Accomplish the District's Functions and Responsibilities, which calls for prioritization
of flood control projects. In preparation of this procedure, the District has drawn
heavily on the National Economic Development Procedures Manual-Urban Flood
Damage, a publication by the U.s. Army Corps of Engineers' Water Resources
Support Center (1988).

Description of Contents

Chapter 1, General Concepts, defines basic terms and concepts used in economic
analysis offlood reduction projectsand gives a briefdescription of thebasic theoretical
principles on which benefit-eost analysis of water resources projects is based.

Chapter2, Planning Concepts,describes the main steps in the planning process and
some of the decisions that must be made before the process can begin.

Chapter 3, Damage Calculations, is' a step-by-step guide to defining the extent of
flood damage problems in economic terms. In this step, current flood area condi­
tions (and values) must be assessed, and future conditions, with- and without­
project, must be estimated.

Chapter 4, Benefit Assessment, describes the process of calculating inundation
reduction benefits for both structural and non-structural measures, as well as other
benefits that may accrue.

Chapter 5, Discounting Procedures, uses the Corps of Engineers' procedure to
demonstrate the use of discounting procedures for converting the estimated value
of all future benefits to their present value.

•

• August 1990 Ix



Economic Analysis Procedure

Chapter 6, Minimum Study Requirements, gives guidelines on the minimum areas
the report must cover, and the minimum amount of data that must be gathered. for
a report.

•
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General Concepts

Table 1·1
Net Benefits and Beneflt-COSt Raaa COmpariSOn

PlanA PlanS
Average Annual Benefits
Average Annual Costs
Net Benefits (B-C)
Benefit-Cost Ratio (BlC)

$660,000 $805,000
$320,000 $425,000
$340,000 $380,000

2.06 1.89

increased output to the economy. The disitinction between maximum net benefits
and the highest ratio of benefits to costs is shown in Table 1-1. Plan A has the
maximum benefit-eost ratio and Plan Bhas the maximum net benefits.

It is clear that there is an economic gain for going beyond the scale of the project
with the maximum benefit-eost ratio, as marginal benefits continue to exceed
marginal costs.

1.2.3 separable Justification
Each separable component should have a benefit-eost ratio of at least 1 to 1. A
separable component is an element of the project that can be left out without
disturbing the technical feasibility oftheproject. Aseparablecomponentwouldalso
have to be technically able to function on its own. A separable component with an
unfavorable benefi.t-eost ratio would reduce the overall net benefits of the project.

1.2.4 Basis for Project selection
In comparing economically efficient projects, a full accounting should be made of
those effects which cannot be measured in monetary terms. It is also important,
when considering the implementation of a number of projects, to realize that the
implementation of earlier projects could affect the efficiency of later projects being
considered for implementation.

1.3 With- and Without-Project Condition

The purpose ofmaking a distinction between with- and without-project conditions
is to isolate the changes that are expected to occur as a result of a project from
changes that would occur if the project were not undertaken.

The without-project condition is an assessment of the flood problem, assuming no
action is taken by the District to alleviate it. If flood control works or any other
significant actions are imminent without District action, they should be considered
a part of without-project conditions.

Existing structures can be expected to remain in place, unless they are in
deteriorated condition or abandoned. Structural assessments should be made of
existing flood control works to determine the degree of protection they offer.

Any changes in population, land use, affluence, or intensity of use expected as a
result of the project, should be considered in the definition of with-project condi­
tions. •
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Period of Analysis

1.4 Period of Analysis

A period ofanalysis is the time required for implementation of the project, plus the
life of that project. For planning purposes, the District uses 100 years for the life of
its projects. Planning conditions such as population, land use, and stormwater
runoff are usually held constant for the period between 50 and 100 years after
implementation. These projections are not generally madebeyond 50 years because
of the uncertainty offorecasting further into the future. Futuredevelopment condi­
tions can be assumed in accordance with the projections of the County Planning
and Development Department. In some cases, the data of cities and other sources
should be used.

1.5 Degree of Protection

The degree of protection is the criterion used to express the flood damage preven­
tion effectiveness of a project. Generally, it is the flood level at which residual
adverse effects are considered relatively minor.

Economic analyses of flood control projects will ordinarily be made for lOO-year,
50-year, and 25-year flood protection levels. Levee projects on major watercourses
in urban or potentially urban areas of development will be designed for protection
from theStandard Project Flood (SPF) event. For more information on the District's
policyon degree ofprotection, see pageS ofGeneral Policies Concerning the Allocation
ofFiscal Resources to Accomplish the District's Functions and Responsibilities (available
from the Flood Control District upon request). The Chief Engineer and General
Manager should be consulted on the final protection levels to be analyzed.

1.6 Principal Flood Alleviation Benefit Categories

This section defines the categories of benefits attributed to flood damage reduction
measures. Procedures for calculating these benefits are found in Chapter 4.

1.6.1 Inundation Reduction Benefits
Most benefits from flood damage reduction projects come from the reduction of
inundation damages. Inundation reduction benefits include reduction of both
physical and nonphysical costs. These benefits include the saving ofstructures and
contents from flood damage, savings from alleviation ofcleanup costs, production
losses, the cost of flood fighting, evacuation, and traffic rerouting.

1.6.2 Physical Damages
Physical damages include: structural damages to buildings; loss of contents of a
building, including furnishings and equipment; decorations; raw materials;
materialsusedinprocessing; processedmaterials; anddamageto streets, highways,
railways, sewers, bridges, power lines and other infrastructure. Physical damages
are evaluated separately for residential, commercial, industrial, agricultural, and
public properties; and for utilities, vehicles and roads. Alleviation of physical
damages usually accounts for the largest share of flood mitigation benefits.

•
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General Concepts

1.6.3 Non-Physical Damages

1.6.3.1 Income Loss: Income loss is the loss of wages or net profits to businesses
over and above physical flood damages. It results from a disruption of normal
activities that cannot be recouped from other businesses or from the same business
at another time.

1.6.3.2 Emergency Costs: Emergency costs include those expenses that result from
a flood and not from just the risk of flooding. Emergency costs include expenses for
emergency evacuation, flood fighting, administrative costs ofdisaster relief, public
clean-up costs, and increased costs of police, fire, and military patrol. Emergency
costs should be determined by specific surveyor research and should not be
estimated by application of arbitrary percentages of physical damage estimates.
Frequently, data are onlyavailable for one significant flood. Applying the same loss
to other floods based on the same loss for number of properties affected is usually
an adequate approach.

1.6.3.3 Temporary Reloeatlon: Temporary evacuation costs include temporary
lodgingandtheadditionalcosts of food and transportationdue to forced evacuation
for extended periods of time.

1.6.4 Location Benefits
Location benefits result from new, more profitable activities locating in the
floodplain because construction of a project reduces the expected value of flood
losses.

1.6.5 Intensification Benefits
Intensification benefits occur when, because of flood protection, a business finds it
profitable to modify its operations at its present floodplain location, and that
modification results in an increase in net income to the business. In Maricopa
County, this cften results when a flood protection structure is constructed, the
delineated floodplain is reduced in size, and the property is removed from the·
floodplain. The value of the land is then increased, as is the usability of the land.
Furthermore, the cost ofdeveloping the land will often decrease as a result ofbeing
removed from the floodplain and no longer having to build to the more stringent
floodplain requirements.

1.6.6 On-Site Benefits
On-site benefits are those that accrue at the general location of the control measure.
Many landstabilization measures produce on-site benefits. Forinstance, vegetative
plantings on critical sediment source areas may increase the net return from
cropping, grazing, or wildlife production. Increased net returns that occur on the
drainage area of the structure over the amount that could be obtained without
structural stabilization measures are creditable to the structural measures. In addi­
tion, on-site benefits may be obtainable within the site of a floodwater retarding
structure. Such benefits may accrue from fish culture, recreation, and use of the
sediment pool for stockwater, irrigation, domestic water supply, or groundwater
recharge. •
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Planning Concepts

In preparing for an economic analysis, the first consideration is the type of study
and the type of report that the proposed project requires. Below are several options.

2.1 Studies

The measurement offloodwater damages and thebenefitfrom reduction ofdamage
usually is done by one of three methods-Frequency Method, Historical Series
Method, and Overland Flow (or some combination of the three). Each of the
methods may be specially applicable to particularsituations. This section describes
each briefly.

2.1.1 Frequency Method
The frequency method used in flood damage appraisal involves the establishment
ofa relationship between the probable frequency offlood occurrenceand economic
consequences for given frequencies. The series of curves required to establish this
relationship are shown in Figure 2-1.

The frequencyseries offersa wayto computeaverage annualdamagesbyweighting
the effect of all floods without estimating losses separately for each flood in a long
series of events, thereby providing an estimate at a savings of work over the
historical series method. This document focuses on the frequency method.

2.1.2 Historical series Method
The historical series method requires somewhatmore work for the hydrologist and
economist than does the frequency method. Also, it requires that a significant body
of data already exist on rainfall and flooding in the area. However, when flooding
is frequent and the major damage is to crops and pastures, it allows for the
adjustment ofdamages from recurrent flooding.

In using the historical series method, an evaluation period is selected in which the
cumulativeannualdifferencefrom normalprecipitationwas low. This methodrests
on the assumption that a sequence of events that has occurred in the past also may
occur in the future.

After each of the various categories of damage have been appraised for each flood
during the evaluation period under future conditions without-project, they are •
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Frequency Method sertes Curves

(A) Frequency versus discharge.
(8) Discharge versus flood elevation.
(C) Flood elevation versus damage.
(D) Damage versus frequency.

summed and divided by the number of years in the period. The answer is the
unadjusted average annual damage. The figure is then adjusted for recurrent
flooding, or otherwise as needed, to obtain the average annual damage.

Elevation-damage curves areused in the historical series method. As the dates and
sequence of flooding are available, separate curves usually are developed by
months or seasons.

2.1.3 Overland Flow
Either the historical series or the frequency method may be used in the overland
flow analysis. The distinction between overland flow and the usual methods of
analysis is that here the hydrologist provides the economist with a curve reflecting
the relationship of flood frequency to volume instead of elevation.

In alluvial areas with no defined channel to the main watercourse, using a volume­
frequency curve can be more useful than the elevation-frequency curve. This is
especially true inrural areas, where the parameters offloodwater spread determine
the degree of damage inflicted on crops. A situation in which there is virtually no
channel, or where the possibility of lateral spreading is great, is called overland
flooding.

Peak discharge and flood elevation have little meaning in overland floods. When
the floodwater emerges from the confined section onto the alluvial fan or plain, the
flood peak quickly flattens. As a result, the area flooded is not a direct function of
the peak discharge exceptas it may overtop diversion dikes built to direct its course •
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away from a portion of the floodplain. More often, the area flooded is directly
related to the flood volume. The greater the volume, the greater the area flooded.

The White Tanks Watershed illustrates this situation. Floodwater from this water­
shed debouches from the White Tanks Mountains onto a highly productive, gently
sloping floodplain. Once the floodwater breaks through the Highline Irrigation
Canal, it spreads out over the farmland in relatively shallow sheet flows, except
where it is concentrated or obstructed by railroad or road fills, or other man-made
obstacles. It seldom.reaches the Agua Fria or Gila Rivers. The relationship between
flood volume and acreage flooded is shown in Table 2-1.

A large area of cropland in this watershed lies in the floodplain. Not all would be
subject to flooding by a single flood, but most are subject to the flood hazard by
slight changes in the paths of flood flows. Even the l00-year flood would inundate
only about 25 percent of the flood damage area.

In overland flow situations with relatively little panding, farm damage per acre
flooded appears to be relatively constant, irrespective of the size of the flood. Table
2-2demonstrates this constancybyusingdata from two separatefloods in theWhite
Tanks Watershed, both of which occurred in August.

Since the1951 flood was over three times as largeas the 1939flood, it was concluded
that flood damage was proportional to the acreage flooded, which in turn was
proportional to the flood volume. Hence, it was necessary only for the hydrologist
to determine a flood volume-frequency series to provide a basis for determining
average annual flood damages over a normal hydrologic period.

Many alluvial fans exhibit a wide variety of damage potential due to differences in
kind and extent of development. If a flood strikes the developed area of the
floodplain, serious damage may result, whereas if it follows a path through the
undeveloped area, littleorno damage would occur. Itis necessaryinsuchsituatiQns
to determine the mean damage resulting from a flood of certain size, taking into
consideration the probability of the flood following anyone of several possible
paths. This problem is illustrated in Figure 2-2.

Table 2·1
FJood VOlume VI. Acreage Flooded

Average Acres
VOlume Acres of Crop Flooded per

Flood Date On Acre-Feet) Land Flooded Acre-Foot

August 1939 3,500 4,600 1.3

september 1956 7,000 7,500 1.1

september 1949 2,500 3,000 1.2

January 1951 5,500 7,000 1.3

• JUly-August 1951 11,500 14,100 1.2
•

Total 30,000 36,200 1.2
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Planning Concepts

Through the use of topographic surveys, aerial photographs, and maps ofhistorical
flood flows, flood paths A, B, C, D, and E are traced through the floodplain. Flood
damages are determined from known relationships between damages, flood
depths, and velocity. Ifa flood of the magnitude being studied has an equal chance
of following each of the flood paths, then the probable damage from such a flood
is equal to the mean value of the five alternatives, which in this example is $41,000.
Similar studies made for floods ofdifferent magnitudes would furnish the basis for
damage-discharge curves.

Table 2·2
White TankS Watershed Flood Damage Comparison

Type Of Damage 1939 Flood 1951 Flood
Crop

Land

Fann Ditches

Miscellaneous Farm Damage

Total Farm DamagelAae Flooded

Waste

$28.75 $28.60

8.89 10.14

3.91 3.60

1.69 3.11

$43.24 $45.45

Base of Mountain

8

figure 2·2
PossIble Flood Damage EstImates for an Alluvial Fan
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2.2 Reports

2.2.1

The District will use two types of reports in the evaluation process, Reconnaissance
and Detailed Project Reports.

Reconnaissance Reports
The purpose of the reconnaissance report is to recommend for or against further
study. Primary data gathered in this phase can focus on floodplain conditions
without project and generating an elevation-damage curve.

•

•

•

2.2.2 Detailed Project Reports
Projects that clear the reconnaissance phase advance to the design phase for
preparation of a detailed project report. Work in this phase covers detailed design
and an updating ofcosts and benefits from the material collected in the reconnais­
sance phase.

2.3 Stages of Planning

The planning process can be broken down into six stages: 1) identification of
problems, needs, opportunities, and objectives; 2) establishing the base condition;
3) forecasts of future conditions; 4) formulation of alternatives; 5) evaluating the
effects; and, 6) comparing the plans and making a recommendation. Each of these
steps is described below.

2.3.1 identify Problems, Needs, Opportunities, and Objectives
This first step is an overview of the situation. In this step, the flood area is assessed in
a general way. A visit to the area can determine whether it is mral or urban, what type
of study is needed, and the general categories ofdamages to be assessed. An examina­
tion of historical records, such as reports and newspaPer accounts, can determine the
extent of the flooding problem. Meeting with community officials and the public can
determine concerns and plans for the area. Through this effort, specific objectives of
the study are determined and defined as the planning process continues.

2.3.2 Establish EXisting Conditions
The second stage begins the detailed level of planning. Existing conditions and
resources are inventoried and evaluated on a site-SPeCific basis. Average annual flood
damages are estimated after a thorough inventory of proPerties, analysis of the
historical record, and syntheticmodeling of existing rainfall, drainage, and streamflow
patterns. Consideration is given to the effect of existing flood protection structures.

2.3.3 Forecast Future Conditions
This stage considers the effects of future changes in population, land use, level of
economic activities, and drainage structures on every reach of the study area. This
is a time to coordinate with otheragencies that have their own projections and land
use plans, and gather any relevent census information.

•
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2.3.4 Formulate Alternative Plans
Formulating alternatives should include both structural and nonstructural solu­
tions to flood problems, andshould include mitigation measures for environmental
impacts.

2.3.5 Evaluate Effects
Plans become defined in detail as economic, social, and environmental factors are
evaluated. In the economic analysis, benefits should be evaluated against costs (in
constant dollars whenever Possible).

2.3.6 Compare Alternatives and Recommend aPlan
The final stage of the planning process comes when all plans, given serious con­
sideration and studied in detail, are compared for the selection and refinement of
the recommended plan. During this stage, the best compatible elements of plans
can be combined to produce a plan that maximizes economic efficiency and other
social welfare considerations.

•
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Damage Calculations

The following chapter on damage calculations has been taken from the U.S. Army
Corps ofEngineers' publication,National EconomicDevelopmentProceduresManual­
Urban Flood Damage (1988). Occasional minor changes have been made to reflect
District policy where it would diverge from theCorps'. This publication is available
from National Technical Information Service, 5285 Port Royal Road, Springfield,
VA 22161.

3.1 Existing Conditions Without-Project

This series traces the steps in defining the existing condition for flood damage
analysis. The work described here is generally the most important stage in flood
damageanalysis. It isalso thestage that most clearlyuses measurable variables, and
thus itsupplies themostcompellingevidenceofwhetherthere is a needfor a project.

Flood damages for existing conditions are expressed in terms of expected annual
damages. "Expectedannualdamages" indicates the monetaryvalue ofphysical loss
that can be expected in any given year based on the magnitude and probability of
losses from all possibleevents. Expected annual damages arederivedbycombining
the information from three basic relationships: elevation-discharge and discharge­
frequency, which the Hydiology staff work with to compute the elevation-frequen­
cy relationship, and the elevation-damage relationship, which isdetermined by the
economist. Figure 3-1 shows how the information in these three functions can be
combined to calculate expected annual damage. An eight-step process for calculat­
ingexpectedannualdamages isdescribed indetailbelow. It is theProjectManager's
responsibility to ensure that all major tasks for each step are delegated and ac­
complished. Figure 3-2 shows the division of labor between the economists and
hydrologists in computing expected annual damages.

3.1.1 Step One: Delineate the Affected Area

Definition: The affected area is that which is immediately or indirectly affected by
the project. This is the geographic area that includes the floodplain and all alternate
nearbyareas that wouldattractdevelopmentbya majoractivity,suchas agriculture
or industrial or commercial construction. It also includes the area where develop­
ment will influence runoff into the floodplain area.

•
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It is during this phase of the study that the flooding problem should really be
defined. Records should be consulted as to when damaging floods have occurred
in the area; the areal and vertical extent of inundation should be determined; and
hydrologists should gather information, for the period of record, on stream gauge .
and rainfall.

Use: The existing without-project condition must be properly identified since it
is the basis for comparison with conditions projected with the plan. Existing flood
control works should be taken into account when determining the degree of
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Outline Area
Flooded

FIgure 3-2
Responsibilities In Computing Expected Annual Damages

protection. An evaluation should be made of the effectiveness of any existing
protection, and all other relevant systems expected to be implemented before
construction.

Procedure: The first step in the process is to delineate the floodplain for detailed
hydraulic and economic evaluation. The affected area consists of the floodplain,
plus all other areas likely to serve as alternative sites for any activity which might
use the floodplain if it were protected. This can be done by observation and
recording existing land use, holding public meetings, and reviewing land use plans
ofarea jurisdictions, planners, and citizens' groups. The Economistand the Hydrol­
ogy staff must perform these tasks as a cooperative effort.

The descriptions of small drainage basins may cover the extent of flooding, land
use, and business activities within the entire basin. For larger drainage basins, this
description may be limited to the immediate area experiencing flooding problems,
and nearby areas that are alternative sites for activities currently located in the
floodplain. This description should include a history of the economic and social
effects offlooding on the area. Dates, peak discharge, and peak elevations of major
flooding events should be given. When the information is available, the economic
costs and categories of damages, as well as any figures on deaths and injuries,
should be noted. Information on flood events can be obtained primarily from the
yearly reports of the U.S. GeolOgical Survey, on file at the District, and the District's
newspaper file of flood events. Other reports may be available from the following •
organizations:
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» Federal Emergency Management Association

» National Weather Service

» Corps of Engineers

» Federal Housing Authority

» Arizona Department of Water Resources

» National Resources Council

» Arizona Department of Transportation

» U.S. Soil Conservation Service

» Bureau of Reclamation

» Arizona State Geological Survey

A critical part ofdefining the existing "without" condition is a proper evaluation of
the degree of protection that existing flood protection can be expected to provide.
The assessment involves two major considerations:

1) The level of protection that existing flood control works actually provide. In
the case of an existing levee, design engineers will determine how much of the
levee height is freeboard. Freeboard is the zone between the top of the levee and
the design water surface elevation. Freeboard is a safety factor to account for
unknowns such as wave action. Levees are generally credited for preventing
one half the damages in the freeboard range.

2) The structural integrity of existing structures. An existing levee cannot be
considered as offering any protection at elevations above which inadequate
structural quality would cause it to fail. Likewise, there can be no benefits
claimed for flood damage reduction attributable to replacement or rehabilita-.
tion of such structures unless it can be shown they are structurally deficient.
Channelsandinteriordrainageditchesshould besufficientlymaintainedso that
sediment, logjams, and debris are not likely to cause a significant reduction of
capacity. Structural investigations should indicate if levees are free of uneven
settlement, inadequate seepage control, or deteriorated construction material.

3.1.2 Step Two: select Planning Reaches

Definition: The reach is the primary unit of plan formulation. The river length and
affected tributaries are divided into "reaches" throughout which the relation be­
tween discharge and elevation remains practically constant, and into zones where
development oruse changesappreciablywith elevation. Frequency, flow, elevation
and damage data are used for each reach; thus data must be representative of the
actual frequency of flood events, flow regime and damage for that reach. A single
r~ach may cover the entire developed area of a small community, in which case it
is known as a "damage center." Sub-reaches and zones may be established for the
individual consideration of specific areas, particularly when on opposite banks of •
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the stream or when separated by bridges or dams which appreciably affect local
elevation-dischargeconditions.

use: Reaches are the primary geographic units for planning. Plans are formulated
withcomponents thatcovera seriesof reaches. Thehydraulic and hydrologic effects
and subsequent benefits of a project are calculated for each reach. Consequently, it
is extremely important that reach selection include the joint input of the Project
Manager, the Hydrology staff, the Economist, and appropriate Division Heads.

From the Economist's point of view, reaches are established primarily for the
purposes of plan evaluation and display. Economists use reaches to determine the
smallest breakdown of damages and benefits. Within each reach, breakdowns will
be made of damages by land use category and flood zone as defined by flood
frequency.

Procedure: Reaches and their subdivisions will be determined by the Project
Manager according to District procedure, with input from the Economist as to what
areas will provide the most representative cross-sections ofdamages and benefits.

If technical considerations require that reaches be selected without regard to the
Economist's input, the Economist may select his or her own sub-reaches, provided
adequate hydrologic data is available for the areas selected. However, permission
must be obtained from the Project Manager to do so.

3.1.3 Step Three: Establish Elevation-Frequency Relationships
This step describes three fundamental elements of the hydrologic and hydraulic
studies required to establish existing conditions. Step Three includes development
of the elevation-discharge curve, which is the basic hydraulic relationship; and the
frequency-discharge curve, which is the basic hydrologic relationship. The eleva­
tion-frequency (or frequency-damage) relationship is the function derived by com­
bining these two basic relationships. These curves are discussed below and Figures
3-3,3-4, and 3-5provide examples ofthem. For each ofthese curves, the procedure below
will be followed.

Procedure: If the project area lies within a defined floodplain, the Project Manager
will request the elevation-discharge, frequency-discharge, and elevation-frequency
curves from the Floodplain Management Branch of the District. If the project area
lies outsidea defined floodplain, theProjectManagerwill request thesecurves from
the Watershed Branch.

While data used for economic analysis requires a high level of detail, it should be
noted that the following curves, as used in an economic analysis, will not have the
level of detail required for design purposes.

3.1.3.1 Elevation-Discharge Relationships

Definition: Elevation-discharge relationships are functions that relate the amount
of stream discharge (Q) to water surface elevations. Elevation is measured by the
level of water above mean sea level (msl) or other established datum. Discharge is
measured in number ofcubic feet of water passingagauging station in one second •
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(cfs). Elevation-dischargerelationshipsarealso knownas ratingcurves. Anexample
of a rating curve is shown in Figure 3-3.

Use: The primary purpose ofan elevation-discharge relationship is for analysis to
correlate discharge data with specific elevations to determine flooded areas.

3.1.3.2 Discharge-Frequency Relationships

Definition: A frequency is the number of occurrences that can be expected out of
some possible number. For example, the exceedence frequency ofa 10,000 cfs flood
may be 10 times in 100 years. The same frequency can also be expressed as an
exceedance probability, 0.1, or a flood with 10 percent chance of occurring in any
particular year. Most often, the discharge-frequency relationship is expressed by its
recurrence interval, which in this case would be a lo-year event.

Use: Frequency relationships are the key element in the criteria for establishing
the magnitude offlood damage. No estimate ofdamagecanbedetermined without
first estimating how often any particular flood is expected to occur. Discharge­
frequency relationships can be combined with elevation-discharge to establish the
probability of each flood reaching a given elevation in any particular year. Figure
3-4 is an example ofa discharge-frequency relationship.
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figure 3-4
Discharge-frequency Curve
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3.1.3.3 Elevation-Frequency Curves

Definition: Hydraulic studies and observed streamflow data form the basis of the
elevation-frequency curves, such as the one shown in Figure 3-5, whi~ will be
required for each reach for existing conditions and for each plan of local improve­
mentconsidered, rangingfrom zero damage elevation to the standard project flood.

Use: The elevation-frequency relationships are primarily tools of economic
analysis. Selection of the basic data and derivation of the statistical relationships
expressing flood frequency is the Hydrologist's responsibility, but should be
formed in consultation with the Economist. From these curves, the Economist is
able to calculate the frequency-damage curves.

3.1.4 Step Four: Outline Area Flooded

Definition: The area flooded simply refers to the geographic extent of flood inun­
dation for one particular event or several magnitudes of flooding. At a minimum,
the geographic extent of three areas should be shown: 1) the floodway, which is the
natural storage area along the river or stream; 2) the one-percent chance (one­
hundred-year) flood; and, 3) the SPF flood level. It may also be useful to show the
limits of the flood of record (the largest flood recorded) or the most recent major •

• August 1990 17



Damage calculations

0.99

Exceedance Frequency
Events Per Year

Figure 3-5
Elevation-Frequency Curve
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flood. Figure 3-6 depicts an Area Flooded map that designates the three events
requested above.

Use: The area flooded is outlined on a map primarily to let the Economist know
what floodplain property needs to be surveyed, and the degree ofattention to give
each area. Effort should not be wasted on surveying areas with too little expected
average annual damage to support flood protection. In the earlystages ofplanning,
the Area Flooded map can give a general idea of the type of project that might be
economically justified by the amount and type of property subject to flooding at
various frequencies.

Procedure: Elevation-frequency relationships at each cross section are used to
outline the areas flooded at various frequencies of events. These areas should be
delineated on topographic maps with a maximum four-foot contour. In most
instances, the Floodplain Branch will already have this material available onFEMA
maps. If this is not the ease, request that the branch that prepared the elevation­
frequency curves arrange for preparation of Area Flooded maps as well.

In addition, a field investigator should check the location of the overflow areas
defined on the map. Taking this step now can insure a greater degree of certainty
later in the study. Some sources of uncertainty are unavoidable and can only be
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acknowledged. The following conditions may be found to affect the limits and
extent of overflow areas and damages, contributing to a more accurate assessment:

» Duration of flooding.

» Filling and scouring of stream channels, outlets, and confluences during
floods, to either increase or decrease channel capacity.

» Observed or anticipated synchronization of flood peaks from several
tributary areas.

» Effects ofbuildings, streets, embankments, other obstacles,and cuts on the
course of flood flow.

» Diversion offlood flows at various stages to othercourses orchannels, and
the probability of erratic or unpredictable paths.

» Contribution ofsediment, debris, and other blockages.

» Local aggravating circumstances affecting overflow, such as dams, inade­
quate or clogged waterway openings, obstructions in channels, pervious
and impervious embankments, pervious substratum, adequacy of local
drainage and sewerage, inadequacy of existing levees, and backwater
conditions in channels.

» A major stream ora tributary changing course and causing the flow of the
water to take a different path.

3.1.5 Step Five: Inventory Existing Floodplain
This section illustrates the general procedures for inventory and appraisal of the
floodplain. The inventory assesses existing con~tions and estimates the potential
effects of any future growth. The procedures described here are applicable to
residential, commercial, industrial, and public buildings, as well as transportation
facilities and utilities.

Definition: Inventorying is the surveying of floodplain properties to determine
expected damage. Three types of information are needed for all property to be
evaluated: susceptibility classification, value, and elevation.

Use: The purpose of making an existing floodplain inventory is to learn what
structures and other property are in the floodplain, the value of the structures and
associated contents, and at what elevation they are susceptible to flooding. This
information is then used as a basic step in the computation of flood damages and
flood damage reduction benefits. Structures include residential, commercial, in­
dustrial, and public. Physical damage estimates should also be made for transpor­
tation facilities, public utilities, vehicles, communications and other outside
property. The following sections will describe procedures for making damage
inventories for each type of property.

Procedure: The information collected in the floodplain inventory should be tabu­
lated for easy coding and processing by the District's computer flood damage •
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analysis program. All forms should. be checked for accuracy, completeness, and
legibility. Major steps in the inventory process include:

1) Reconnaissance determines the representative property types or categories of
properties in the floodplain.

2) Basic data from such sources as topographic maps or surveys, aerial photog­
raphy, floodplain information reports, and flood insurance maps are consulted
and summarized for referencing properties to flood elevations.

3) An inventory or count of all properties is made and data recorded to facilitate
application of sample data for the derivation of the elevation-damage relation
by reach and zone.

4) Representative properties for adequate coverage of all property types in each
flood reach and zone are selected, inspected, and appraised for real value and
for damage potential.

5) Office analysis includes review of the field appraisals and inventories to obtain
the elevation-damage relations.

3.1.5.1 Defining Structure Type: Structure is defined here as a permanent building
and everything that is permanently attached to it. For the purpose of floodplain
inventory, categories of property are defined by similar susceptibility to flood
damage. Both structural use and physical characteristics can be useful areas for
categorization. The Economist should make these distinctions based on the
availability of existing elevation-damage relationships of flood property with
similarpatterns ofsusceptibility to flood damage. Single family residentialbuilding
categories generally include the following: 1) one story, no basement; 2) one story,
with basement; 3) two or more stories, no basement; 4) two or more stories, with
basement; 5) split-level, no basement; 6) split-level, with basement; and, 7) mobile
homes.

These categories can be further subdivided into: wood, masonry, steel, or adobe
structure; good, fair, or poor condition; and categories of size, in square feet. The
variable of building condition should. have operational definitions for each clas­
sification. For example, good condition might be any property with visible repairs
of less than 10 percent of the structure value. Poor condition would be anything
needing major structural repair of greater than 25 percent of the structure value.
Fair condition would be anything between. Similarly, square footage categoriza­
tions ofsmall, medium,and largeshould have operationaldefinitions with number
ofsquare feet used as breaking points between size classifications.

Single family residential structures generally include single story with or without
basements, two or more stories with or without basement, split-level with or
without basement, and mobile homes. Further differentiations have been made for
the type offoundation thebuildinghas, and extentto which thebasementis finished
and whether the basement might be more appropriately classified as being crawl
space. •
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Multi-family residential structures can be divided by high-rise (more than ten
stories),mid-rise (four to tenstories), gardenapartments (one to threestorywalk-up
units), duplexes, and townhouses.

Commercialstructures have the largestnumber ofbuildinguse types. Forstructural
damagepotentialinventories, itshouldbesufficient to havebreakdowns bynumber
ofstoriesand relative size. Thesefactors are oftenconsistent for types ofcommercial
enterprise, i.e., fast food restaurants are mostly one story buildings without base­
ments, and have brick or block construction.

Industrial structures also vary by number of storieS, building material, size and
permanently attached equipment. The value of individual industrial plants,
variability of structural characteristics, operation, and output usually warrant
detailed surveys of individual properties. Detailed surveys are also required in
instances of unique structures and conditions.

Public buildings are defined here as public-use, rather than publicly-owned. Public
property includes public offices, schools, recreation facilities, hospitals, churches,
and nursing homes. Public offices, primary and secondary schools, and small
churchesare allhoused insimilar types ofbuildings, andshouldonly require a brief
windshield survey. Other public use facilities require detailed interviews and
inspections to ascertain value and susceptibility.

3.1.5.2 sampling: It is recommended that every property be inventoried, at least
by a windshield survey, to establish the approximate values and elevations, as well
as the appropriate elevation-damage relationships to use. Industrial property and
largercommercialbusinesses requireon-site inspections to determine the valueand
locationofequipment, inventory, and outsideproperty. Forother types ofproperty,
sampling is an efficient means to verify windshield estimates of structure and
content value as well as storage locations.

When proper field sampling procedures are used, variances, confidence interval,
and otherstatistical measures can be derived from the collected data. This informa­
tion can assist the planner in developing sensitivity analyses, in determining op­
timalsolutions,and in evaluating theconfidence thatcan be placed instudy results.
Ifcare is not maintained in the development and implementation of survey design
andsamplingprocedures,biasescanbe introduced thatcanleadto spurious results.
Some common sources of bias that need to be considered when conducting sample
surveys of floodplain properties include:

» Samplingwithunequalandunknown stratifications (e.g., onlyconducting
household surveys during the daytime, excluding those households from
the sample where no one is at home during this period);

» Measurement error (e.g., asking for only the replacement price paid for a
damaged furnace, rather than obtaining all the information needed to
estimate the depreciated replacement value of the damaged unit);

» Non-response (e.g., individuals who refuse to participate in a survey
having different income levels than those who do participate); and •
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» Interviewer error (e.g., a particular interviewer who consistently over-
estimates structure values).

Concise delineation of study objectives and data needs, careful consideration of
questionnaire design and sampling plans, and the provision of training and super­
vision to interviewers can minimize the potential for obtaining biased results.

The degree of precision of floodplain inventory depends on the resources available
for the project, the availability ofdata, and theprecision ofotherstudycomponents.
Accurate appraisals and elevation in computing flood damage estimates, and
considerable effort, should go into making and verifying estimates. Stratification of
floodplain properties (e.g.,bybuildinguse, constructiontype, and elevation) before
sampling,can generally provide increased precision for a given sample size needed
to provide a specified level of precision.

3.1.5.3 Value of Strueture: Building values should be evaluated as an estimate of
depreciated replacement value of the structure. Outside building values and land
values should be considered separately. Estimating actual replacement values,
determining an expected life, and depreciating by deterioration can be a time-con­
surning and costly job. If resources are limited, depreciated replacement values of
buildings can be approximated by market values. Market values can be obtained
from the following sources of information:

Real Estate Assessment Date: The Land Management Division has a microfiche file
of property values assessed for the previous year's real estate tax levy. This file is
updated annually by RED!, and lists property values for Maricopa County. There
are also corresponding maps, which identify parcels, and rolls of ownership. The
District receives an update of ownership listings twice yearly from the County
Assessor.

Property values are assessed as a percent of market value. Usually, the Total Full
Cash Value listed on the RED! microfiche is 80 percent of the market value.
However, these values can be tested against the recent sales prices ,(see next
paragragh) also available through the Land Management Division. For various
reasons, the ratio of assessed value to actual market value can vary considerably.
Recent sale prices, opinions of real estate sales people, and first-hand appraisals,
can all be used to test the validity and consistency of real estate assessments.
Assessment-ta-valueratios, andstructure-ta-land ratios can be used to estimate the
value ofbuildings.

Recent sales Prices: The Land Management Division also receives a monthly up­
date from REDI of all recent property sales. These values are recorded as a matter
ofpublicrecord for propertyassessment and for establishingdeeds, mortgages, and
liens. Inaddition, realtors areusually verywilling to offer theirknowledge ofrecent
sale prices and the asking prices of property currently on the market.

Depreciated Replacement Values: Another source for making appraisals is the Mar­
shall Valuation Service, published by MarshallandSwift. Marshall andSwiftbooks
can be found in the Land Management Division. They are used to obtain replace­
ment costs for buildingconstruction in various parts ofthe country. Localconstruc- •
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tion cost multipliers are given by type of constmction material Square and cubic
foot construction costs are given for foundations, flooring, walls, roofing, heating
systems, plumbing,andbuilt-inappliances,as wellas garagesand outsideproperty.
Theguides areupdated quarterly. Careshould be taken to limit valuation estimates
to the depreciated conditions, otherwise benefits might be over estimations of
values.

3.1.5.4 Elevation for Each Structure: Building elevations are as important as
hydraulic information for establishing project benefits, and they are also much
easier to accurately establish. Often, this crucial variable is given too little attention.

3.1.5.5 Sources of Topographic Information

Topographic Maps: The U. S. Geological Survey maintains complete topographic
maps of the United States. These maps vary in age, scale, and contour intervals. The
maps are continually updated, but theycanbeas much as 50 years old. Urban areas
are most frequenUyupdated. Formosturban areas, mapsareat a scale ofl to 24,000,
where one inch equals 2,000 feet. Urban areas in terrain with flat or moderate slope
are usually mapped with five-foot contours. The GIS/CADM Section of the infor­
mation Systems Branch, Administrative Division, is likely to have these maps on
file, orcanorderthem onrequest. Beaware that some verification workmust always
be done to ensure that subsequent development has not changed elevation data for
the area.

Permanent Bench Marks: Permanent elevation bench marks can be fixed by circular
metal disks hammered, bolted, orsetwith masonry into a street, bridge,orbuilding.
Reference elevations may also be recorded for positions on permanent structures
such as a spot on a bridge or the top of a fire hydrant. Bench marks are kept by the
U. S. Geological Survey, the Corps of Engineers, the USDA Forest Service and Soil
Conservation Service, the Bureau of Reclamation, and state and local agendes
including munidpalities. It is important to be aware, however, that some verifica­
tion must always be done to ensure that subsequent development hasn't changed
elevation data.

Aerial Photography: Aerial photos are a commonly used tool for creating detailed
contour maps. The maps can be used with stereoscopic equipment and field
checking to create four-foot contour maps (or, in flat or shallow areas, two-foot
contours). The GIS/CADM Section may have aerial photos available, or can order
them through commercial photographers.

Survey Crews: The District has several survey firms under contract. Survey crews
are the most accurate way to determine elevation. The costs of survey crews can be
reduced by combining their structure elevation surveys with cross-section survey,
and by limiting their work to spot elevations or reference marks every few blocks.

Hand Levels: Hand levels are simple devices for estimating the elevations of struc­
tures. This smallhand-held instrumentcanbeused to take readings offbench marks
and determine the first floor elevations of surrounding structures. The user needs
no assistance, but simply uses the level to find a spot on the nearby building at eye
level Hand levelsshouldbeusedincircuitsto tiebackinto theoriginalbenchmarks.

•
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This will serve to verify readings along the circuit. The Construction & Operations
Branch of the Operations & Maintenance Division can supply hand levels.

Architectural Drawings and Site Plans: Architects, developers, and communitybuild­
ing permit officers may keep building records with first floor, ground, and founda­
tion elevations.

3.1.5.6 Content Inventory Procedures

Definition: Categories for single-family residential content inventory should be
much the sameas thestructuralcategories describedabove. These include onestory
withoutbasement; two ormorestorieswithbasement; split-levelwithoutbasement;
split-level with basement; and mobile home. Subcategories within these can be
made on the basis of income for consideration in setting content-to-structure value
ratios.

Content-to-structurevalue ratios are also of major importance in setting categories
for apartments. See discussion ofcontent-to-structure ratios below.

3.1.5.7 Content-to-Strueture Value Ratios: Theinventoryofbuildingcontent requires
a good deal more site-specific inspection and interviewing than structural inven­
tory. Nearly all industrial property and many types of large commercial estab­
lishments require detailed interviews or on-site inspections to determine the value
and elevations of flood-prone inventory, equipment, and raw material. At least
some sampling is required to determine content-ta-structure value ratios for all
types ofcommercialproperty. Nostandardcommercialcontent ratiocan beapplied
across types of commercial enterprises.

Even for residential property, where standard elevation-damage relationships can
beapplied, it maybedesirable to have a sampling to establisha content-to-structure
value ratio. Insurance companies generally use a flat rate of 50 percent for a
residential content-ta-structure value ratio. Residential insurance customers have
the option of claiming higher content values if they have highly valued furniture,
clothing, electronicequipment, appliances, orartwork. Theaffluence factor calcula­
tion, which is described later in this procedure, is based on the principle that the
content-to-structurevalue ratio increases with householdincom~withor without
a project. It can also be assumed that the basic necessities, such as clothing and
appliances, and modest luxuries, such as televisions and stereos, make the ratio
above 50 percent for very poor households. Apartment and small condominium
dwellers can also be expected to keep mostly highly valued items, when space
becomes a limiting factor.

Determining Content Value: Appraisal of content value requires far more detailed
work than structural appraisal. While the depreciated value of a building can be
easily approximated through the market, content appraisal is much more compli­
cated. There is little market information that can be used to evaluate the real value
ofresidentialorbusinesscontents. Used household goods are notuniversally found
in top condition, and then the uncertainty of quality tends to limit the value.
Business content inventory is best left to the manager of the facility. When there is
aproperty ofmajorconsequenceor the manageris indoubt,an insuranceappraiser •
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can be contracted to estimate the depreciated replacement value. Industrial and
commercial inventory should be valued at the cost to the business for acquisition
and processing.

establishing Content Elevations: Estimation of content elevation in relation to the
first floor of structures is generally only required for synthetically constructed
elevation-damage functions, as described in Step Six. In other cases, the content
location is already considered in the depth-damage relationship. When any home
or business has made a special effort to elevate the storage location, that factor
should be considered in the inventory.

3.1.5.8 Inventory of Outside Property: Damage to outside property can be very sig­
nificant, particularly in flash floods and other high velocity situations. Even so,
outside property is seldom given thorough evaluation. Consequently, no common­
ly used procedures have been established for estimating loss to outside property.

The following is a list ofconsiderations for determining the valueand susceptibility
of outside property:

Outside BUildings: Garages, sheds, and other small buildings are particularly vul­
nerable to collapse or being washed away by swift current. The building material
and value of these structures should be noted. Residential garages are often storage
areas for electrical and mechanical equipment, subject to shorting out, corrosion,
and rust.

Vehicles: In many cases, vehicles receive a major portion of flashflood damage.
Expected vehicle damage potential should be given special attention where the
flood warning lead time is six hours or less. It is important to not only consider the
lead time, but the potential evacuation routes and likelihood that people are
available to move the vehicles. Motor vehicles can suffer extensive damage from
floods that barely reach the first floor level of nearby buildings. Even in situations
where there is a sophisticated warning and preparedness system, there may not be.
enough lead time to move vehicles.

Sources of information on the number and age of vehicles in a community include:

1) The U.S. Census, which gives the percent of families with one vehicle, the
percent offamilies with two or more vehicles by income group, and the average
prices paid for these vehicles new and usedi

2) RL Polk& Co. ofDetroit, Michigan, which keeps records on the number ofcars
and trucks in operation by age grouPi and,

3) The U.S. Department of Transportation, Federal Highway Administration,
Highway Statistics, which gives the number of automobiles and other vehicles
registered by state, and per 1,000 population by state.

Aggregated national figures for the Census and Polk Company data as well as the
statewide Highway administration data are published annually in the U.S. Bureau
of Census, Statistical Abstract of the United States. Average value of vehicles are
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published annually in Ward's Automoti'ue Yearbook. The number and value of
vehicles parked in commercial and industrial areas can only be determined by
on-site inventory. In any case, the average number of vehicles at any place is
dependent on time, day, and season. The analyst should attempt to find an ap­
propriateaverage.

3.1.5.9 Public Utilities: Public utilities can best be inventoried after review of any
previous flood damage. It is important to determine what facilities might be
particularly vulnerable. Otherwise, facilities might be too numerous to consider.
When there is no record of previous flooding, then inventory should concentrate
on above-ground facilities that are sealed. Sewage treatment and water treatment
plants are particularly vulnerable, as are electric power substations, gas regulator
stations, and storage facilities.

3.1.5.10 Transportation Facilities: Highways, streets, and bridges are particularly
vulnerable to washing out or suffering wave damage. Bridges are vulnerable to
damage by debris, particularly when the debris is being carried by very heavy
current. The locations and elevations of especially vulnerable facilities should be
determined after interviews with local public works and state highway managers.
Railway beds and track are subject to being washed out when the track is over­
topped. The elevation, length and number oftracks, particularly in low-lyingareas,
need to be identified. An effort should also be made to inventory rail yard facilities
and cars that might be kept in low-lying areas.

3.1.6 Step Six: select Elevation-Damage Relationships
After the inventory and appraisal of flood-prone property, the computation or
selectionofelevation-damage relationships is the most important job the Economist
has. This section will deal with the process of selection of appropriate elevation­
damage functions to meet the requirements of a particular situation. This section
also includes a discussion of when it is appropriate to use generalized elevation­
damage relationships and when it is necessary to compute site-specific functions.
There willalsobeemphasis on the process ofverifyingand adapting depth-damage
functions to serve as reliable predictors of specific flood problems. ...

Elevation-damage relationships are based on the premise that water height, and its
relationship to structure height, is the most important variable in determining the
expected value ofdamage to buildings. Similar properties, constructed, furnished,
and maintained alike, and exposed to the same flood elevations and forces, may be
assumed to incur damages in similar magnitudes or proportion to actual values.
However, thereare manyfactors thatcanexplain thevariations in the extent offlood
damages. There is no widely accepted, quantified relationship in the United States
between any of these factors and the extent of flood damage.

In prior steps, floodwater elevations for various discharges were derived, along
with the frequency with which to expect these flows. In this step and the next, the
objective is to determine how much damage occurs at various flood elevations.
There are two basic approaches. The most accurate approach is to determine the
damages that occurred during a recent flood, usually by conducting extensive
interviews with floodplain residents and business proprietors. During the inter­
views, damages are also estimated for elevations above and below the flood of
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reference. This is still the preferred method of determining the elevation-damage
curve. However, it is a time-consuming and expensive process for most large
floodplains. Consequently, it is not unusual to obtain elevation-damage data by
using generalized data in a computer-oriented analysis. This approach is described
below.

Application: Predictable elevation-damage relationships can be used to estimate
the amount ofdamage from any given level offlooding and, consequently, to assess
the benefits of flood damage alleviation. Elevation-damage functions are used to
compute theprobabledamage for a givenlevel offlooding. Functionsarecomputed
separately for structure and content for various categories of enterprise. The func­
tions are predictors of either direct-dollar loss or percent of value lost through a
flood event. Damage functions can be applied to structures on an individual basis
or applied over a large number of properties with similar susceptibility.

Major Criterion for selection: The major criterion in selection of elevation-damage
functions is the similarity of susceptibility relationships. Damage functions are
influenced by a number of variables. Variables found to besignificant in regression
analysis can be used in computing reliable elevation-damage relationships. Table
3-1 summarizes the major factors (hydrologic, structural, and institutional), that
significantly influence the amount ofdamage. While most people involved in flood .
damage assessment are aware of most of these factors, it has been rare that any of
these factors have been isolated as part of a predictive function. It is less difficult to
apply functions where the factors are reasonably dose to thesituation to which they
are being applied. For example, elevation-damage functions computed for one
section oftheColorado Rivermaybeveryapplicable to damagefrom flooding along
another section of the Colorado where there is similar velocity, duration, and
sediment load.

Sources: Generalized damage functions are computed for either post-flood sur­
veys or synthetic estimates. Generalized functions are sometimes as accurate as
building-by-building estimates of susceptibility, but they should be field-ehecked .
whenevertheyareapplied. Knowledge is required ofthecriticalvariables thatcould
influence damages in the area where the generalized curves were derived, and in
the area where they might be applied.

Post-flood damage surveys are the most accurate way to determine the suscep­
tibility ofany property to various levels ofinundation. Limitedavailability ofstudy
funds and lack of specific authorization to study an area often result in the delay of
survey for some time after a major flood. Post-flood surveys should use the
questionnaires found in Appendix A Synthetic damage functions are estimated
flood values, calculated at hypothetical flood levels and conditions. Synthetic
estimatesare often necessary for areas with no recent flood experience. Anynumber
of flood damage levels can be estimated. Because synthetic damage relationships
are hypothetical, they should be done by people experienced in post-flood surveys,
who are familiar with what is damaged in a flood.

3.1.6.1 Residential Damage Functions: Depth-damage (or elevation-damage) rela­
tionships for residential property, commercial property, and mobile homes have
been established by the Federal Emergency Management Administration (FEMA).

•
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Table 3-1
VarIableS that Innuenceh Elevation-Damage Relationship

HydroJoglc Variables

Velocity Velocity is amajor factor aggravating structure and content damage. It
limits time for emergency ftoad proofing and evacuation. Additional
force creates greater danger of foundation collapse and forceful
destruction of contents.

Duration Duration may be the most significant factor in the destruction of building
fabric. Continued saturation will cause wood to warp and rot, tile to
buckle, and metal objects and mechanical equipment to rust.

5ediment Sediment can be particularly damaging to the workings of mechanical
equipment and can create cleanup problems.

Frequency Repeated saturations can have acumulative effect on the deterioration
of building fabric and the working of mechanical eqUipment.

Structural Variables

Building material Steel frame and brick buildings tend to be more durable in withstanding
inundation and less susceptible to collapse than other material.

Inner construction Styrofoam and similar types of insulation are less susceptible to damage
than fiberglass and wool fiber insulation. Most drywall and any
plaster will crumble under prolonged inundation. Waterproof drywall
will hold up for long periods of inundation. Paneling may be salvage­
able when other wall coverings are not.

Condition Even the best building materials can collapse under stress if the con-
struction is poor or is in deteriorated condition. Building condition
should be amajor determinant of replacement value.

AfJe may not be ahighly significant factor in itself, except that it may
serve as an indicator of condition and building material. It would be
more accurate to survey the other factors separately.

Content location Arrangement of contents is an important factor in determining elevation- .
damage relationships. These relationships could be expected to be
somewhat homogenous for commercial business, particularly chain
stores. Industrial property should be surveyed individually to deter­
mine how the arrangement of contents wiD affect the elevation­
damage relationship.

Institutional Factors

FJood warning Major reductions in both content and structural loss can be made
through flood fighting and evacuation activities when there is
adequate warning.

TheCorpsofEngineershasbeendirected tousethesecurveswhenestimatingdamages
unlessa site-specificcurve isavailable. Currently, thereareno regionalcurvesavaiIable
for Maricopa County. Reportedly, the Corps of Engineers has plans to download
FEMA'snation-widedata to produce regionalcurvessometimetoward. theend of1990
or the beginning of 1991. Until those curves are available, however, FEMA's Depth­
Damage table contains the data to beused (see Appendix B). •
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Standard relationships are more common for residential structures than other types
of property, because residential property is considered to be more homogenous in
susceptibility and layout of contents, and in the types of building materials used,
than other kinds of property.

Any damage function must be tested for reasonableness-in the office on the basis
of theoretical assumptions and in the field on the basis of empirical tests-to
determine how well specific data are matched. The theoretical check should meet
the following assumptions: .

» Physical damage can begin when floodwaters reach the lowest levels of a
buildin~ even if floodwaters are below the ground level.

» Basement orcellardamage may occurwhen flood elevation rises above the
floor due to backingup throughdrains, seepage through foundation walls,
or when flow through doors and windows occur. The primary factors will
be thedesign ofthesewersystem, thesoil types (soils withhighclaycontent
will absorb and filter water muchslower than soils with high sand or loam
content), andbuilding material (concrete foundations willbesubject to less
infiltration than cinder blocks). Water pressure can also cause cracks or
collapse of building walls and foundations, especially if water has not
entered the building.

» Damages at the same elevation in different floods may vary with seasonal
flood characteristics. There maybe seasonaldifferences in velocities, dura­
tion, silt, debris, and ice content. Estimateddamages might be tied to these
seasonal factors and the probabilities of floods occurring at any particular
time of the year.

» Changingtrends in propertyuse, suchas themore intenseuse ofproperties
(game rooms in the basement and the accumulation of residential
electronic equipment) will affect the elevation-damage relation, and
produce significant differences in estimates of current and future condi-.
tions.

» Generally, for lowandmoderatevelocityflood occurrences, the magnitude
of damages on furnished levels will increase most rapidly to 3 or 4 feet
above floor level, with an appreciably slower rate of increase to the next
floor level.

» The mobility of some personal property should tend to reduce losses,
particularly when there is sufficient warning time. However, some
damages, even of mobile property, will probably be inevitable due to lack
of warning lead time and variations in judgement.

3.1.6.2 Business Elevation-Damage Functions

Definition of Building Type: The computation of elevation-damage functions for
business structures can vary a great deal from residential computation. The varia­
tion in building size, number of stories, and construction material can lead to a
greater number of structure type definitions. Although permanently installed
equipment is considered real estate and consequently would be treated as a per-
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manent part of the building~equipment is most often treated as a separate damage
category. Industrial building construction is often highly specialized, and may not
lend itself to general classification, but may need to be treated strictly on an
individual basis. Otherwise, business structure categories might include one story
without basement; one story with basement; two stories without basement; two
stories withbasement; multiplestories withoutbasement; and multiplestories with
basement. Further breakdown could be made for masonry, frame, and metal
structures.

3.1.6.3 Evaluation of Commercial Losses: Reconnaissance of the flood area will indi­
cate the nature of commercial development, and the extent to which sampling
procedures may be applicable or specific inspection and appraisal required. For
interviews and inspection, the forms in Appendix A may be used for, or adapted
to, commercial properties.

sampling and Specific Appraisal Requirements: To the extent that reliable, general­
ized,simpleelevation-damagerelationships canbeestablishedfor specificcommer­
cial activities, they may be used-if reliable adjustments can be based on readily
available parameters such as size or value of store, stock, turnover, number of
employees, etc. Sampling should be limited or not used where wide variations in
propertycharacteristicsexist;directmethods ofappraisalshould thenbeemployed.
Appraisors may need to pay special attention to large individual establishments
that constitute a major part of the total damage in the reach. Advance contact with
these individuals is advised, particularly because it will enable the appraisars to
assemble data on property characteristics and damages, and to arrange to review
these with company officials. As with evaluation of residential damages, but more
so in the case of business and industry, it is critical to estimate reasonable periods
for rehabilitation of property and return to normal operating conditions.

Evaluation of Direct Physical Commercial Damages: Actual or potential damages can
be estimated by the normal methods of estimating construction costs. Where
available, repair bills, company records, etc., also provide an independent source.
As in other cases of direct physical damages, losses attributable to floods·must be
separated from repair costs that restore accrued depreciation. Shortened physical
life (accelerateddepreciation) ofdamageditems, non-recurringdamages, and those
preventable by good housekeeping, prudent management, or prompt action upon
receipt offlood warning, can be eliminated from estimates ofprospective damages.

3.1.6A Industrial Property: Industrial property includes the facilities for extracting,
producing, manufacturing, and processing of commodities, where labor on and
working of materials creates new products and new wealth. Direct physical flood
damages to industrial property include the net physical losses ofeconomic value to
land, buildings, machinery, equipment, materials, supplies, and other items used
in the industry. Direct physicaldamages to industrial property includeall net losses
from deterioration or spoilage of raw material, processing material or completed
goods.

In general, the magnitude of industrial activity, with respect to other values in a
flood area, and the generally unique nature and features of each industrial
enterprise, require that separate and specific appraisals be made for each industrial
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plant or property. Sampling procedures and comparisons with other similar plants
cannot be relied upon to give an accurate basis for evaluation of flood control
projects, and may be used only when similar small industries constitute a repre­
sentative group comparable with sample conditions and do not make up a critical
portion of the total damage estimate. The specialized nature of each industry and
its operations ideally requires both the cooperation and assistance of the industry
itself in appraising potential flood damages, and an impartial and independent
appraisal and review. Where specialists familiar with major types of industrial
property involved in a study are not available on staff, the Project Manager should
seekconsultative service byindependent, qualified experts inappraising industrial
damage. These consultants should be familiar with the principles and criteria of
projectformulationand evaluationofthe District, the effects offloods ontheSPecific
types ofindustries involved,and the physicaland economicaspects of the industry.
The Project Manager must be the judge, in the course offield investigation, as to the
admissibility, soundness, accuracy, and completeness of estimates of industrial
flood damages for use in project formulation and evaluation. Estimates by industry
or consultants need not be fully accepted. Satisfactory reporting requires that
adequate explanations be given for differences in assumptions and appraisals, so
that proper consideration and review can be given to the major and determining
items in an estimate.

3.1.6.5 Evaluation of Public Damages: Public property, for purposes of damages ap­
praisal, can be considered to include all property owned by the various agencies of
government or by charitable associations for the service of the public. Public
property damages are principally apparent in the form of direct physical damage,
or in the physical costs associated with preventing cessation or insuring continua­
tion of public services. Some loss of public income may be found in interruption of
services provided on a reimbursable basis other than taxation. Other than streets
which are classed with transportation fadlities and public power stations, public
goods and services that may be adversely affected by floods include all public
buildings, churches, schools, libraries, museums and other educational fadlities,
hospitals, institutions, water supply systems, sewerage systems and treatment
pJ.a:nts, pumping stations, fire and police protection fadlities, parks, recreational
fadlities, etc. Specific inspection and appraisal of damage potentials is required in
each case.

Physical damages to public property can be readily evaluated by the restoration
method ofappraisal. Estimates ofsuch damages and the costs of related emergency
and normal services should be prepared in cooperation with the governmental or
otheragency involved. The highly variable nature of other public fadlities makes
use of a standard form generally impracticable, and notes thereon and appraisal
computations should be adapted to each case. It may be found that many public
facilities orservices overlap several flood reaches orzones and that damages cannot
readily be assigned to specific locations.

Thus, breaks at anyone or several points in water supply orsewerage systems may
produce equivalent associated losses to customers or taxpayers in other reaches or
on high ground. Damage to public property such as streets, sidewalks, lighting,
water and sewer connections, etc., may duplicate part of the appraisal of specific
properties served.
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3.1.6.6 Elevation-Damage Funet.lon C8lculat.lon: Elevation-damage functions can be
calculated to various degrees of precision. The simplest method is merely to take
the mean value of percent damage for each water height. The problems with this
procedure include:

» Limitation of variation in percent damage to one variable: water height.

» Limited information provided on the effect of outliers or extreme values
of percent damage on the sample mean.

» No level of dispersion determined for the data.

» No parameter to show the strength of the independent variable, water
height, in explaining variation in the dependent variable, percent damage.

The advantages of this approach are that it is easy and quick; water height has
always been believed to have the most influence on physicaldamage; and the effect
of outliers can still be limited by setting reasonable limits on the values to be used
in the calculations.

Regression analysis can measure the effects of severalvariables on percent damage.
The strength of anyone variable can be estimated along with the strength of the
entiremodelinexplaining thevariance ofpercentdamage. Regressionanalysis with
elevation-damage data is difficult because of the problems in obtaining good
measurements of all the important variables that influence percent damage.

3.1.7 Step seven: calculate Damage-Frequency Relationships

Definition: The damage-frequency relationship is a simple relationship that is
represented by the probability that could be associated with any level· of flood
damage. This relationship is derived from elevation-damage, elevation-discharge,
and discharge-frequency relationships.

Use: The damage-frequency relationship is the last step in the process before
computingaverage annualdamages. Byapplying a frequency interval to each level,
a weighted average for each of these events can be computed. Damage-frequency
relationships are basically an interim step used in computing average annual
damages. However, the breakdown of informationbydamage reach is particularly
useful for identifying the areas of most severe economic damage.

categories: Damage-frequency relationships are aggregated for display by
damage category and reach. Major land use categories can include: residential,
commercial, industrial, agricultural, public use, utilities, and transportation.

Procedure: This relationship is derived after the elevation and flow relationships
have been combined with flow-frequency relationships to produce the elevation­
frequency relationship, and the elevation-frequency relationship is combined with
the elevation-damage relationship for eachflood reach, zone and damage category.
Figure 3-7 gives the aggregated damage-frequency relationships for various
damage categories.

•

• August 1990 33



Damage calculations

4

12 Legend 24

Q) Residential Structures
® Residential Contents
@ Commercial
® Industrial

10 @ Transportation, Utilities, 20
Communication, Public Relief

® Totals (Use right side of scale)

8 18 -(/)c::- .2(/)
c:: 'e.Q -'e ~-
~ en

6 12 CD

m fi
Efi as

E c
as (ijC ;g

4 8

2 5 10 50 100

Recurrence Interval, Years

1000

figure 3-7
Damage-Frequency Curves •

34 August 1990



•

•

•

existing Conditions Without-Project

3.1.8 Step Eight: C81culate Expected Annual Damages

Definition: The expected annual damage (BAD) is the expected value of flood loss
in any given year.

Use: Expected annual damages are the most tangible measure of the severity of
the existing flood problem. Generally, any project that is economically justified on
the basis of existingconditions will be justified in the future-if the area is built out.
If the area is not yet built out, the drainage review process should decrease the
possibility of flood damages.

Procedure: Expected annual damages are calculated bycomputing the area under
the damage-frequency curve. This is done mathematically by taking an integral of
the function. It does not mean that this amount of damage will occur in any
particular year, but rather that over a long period of time, the average amount of
damage will tend to approach that amount.

Assessment of existing conditions includes the consideration of any structure that
is already in place (See Section 3.1.5 for an explanation of this process). There is no
projection involved.

Expected values computed for frequencies in Step Eight are weighted by their
exceedance probability. In most floodplain areas, thehigh frequency events usually
account for the major share of the average annual flood damages. Damages for
specific floods notcomputed in the damage frequency relationship are interpolated
to create the function for expected annual damages.

Derivation, general: This is the method most frequently used by the Corps of En­
gineers to compute expected annual damages. As will be seen later, it involves the
combining of three basic functions: elevation-damage, elevation-discharge, and
discharge-frequency, to define a fourth function, the damage-frequency relation­
ship. It has already been established how these functions are developed. Suffice it
to say that the elevation-damage curve, which relates dollar damage to each stage
of flooding, is usually the responsibility of the economist and/or planner while
development of the other two curves is usually the responsibility of the hydraulic
and hydrologic engineer. This is not to imply that responsibilities should be per­
formed independently of each other. On the contrary, as explained in earlier
sections, team effort is necessary to insure internal consistency and consideration
of all relevant economic and hydrologic factors.

Figure 3-8 shows the relationships discussed above and the schematic for deriving
expectedannual damages. Elevation-damage Curve A is combined with elevation­
discharge Curve B to generate damage-discharge Curve D by picking a damage
point and relating it to a discharge estimate on Curve B, and, finally, using the
estimates identified for discharge and damages as a new point on Curve D. This
process is repeated until Curve D is traced out.

The tracing ofCurve D is an intermediarystep that is not necessary, but is included
here to add clarity to the process. Curve D is then combined. with Curve C to
generate Curve E, the damage-frequency curve. The area under this curve repre-
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1able3-2
Expected Annual Flood Damage Computation

Expected Annual
Discharge, Stage, ft Frequency Damages, $ Damages

Flood cf8 RF MSL % Interval atstage average Interval Sununatlon

0.00035 652,200
22,750 +3.7 712.5 0.135 634,600

0.00040 616,100
19,500 +3.2 712.0 0.175 597,600

0.00065 578,600
16,600 +2.7 711.5 0.24 559,600

0.0006 539,100
14,300 +2.2 711.0 0.3 518,600

0.001 196,350
12,200 +1.7 710.5 0.4 474,100

0.002 446,050
DESIGN 10,000 +1.1 709.9 0.6 418,000

0.0025 389,950
8,400 +0.6 709.4 0.85 361,900

0.0045 328,500
NOV'87 6,800 RF 708.8 1.3 295,100

0.005 267,850• 5,800 -0.4 708.4 1.8 240,600
0.008 211,150

4,900 -0.8 708.0 2.6 181,700
0.015 157,500

SEPT '38 4,000 -1.3 707.5 4.1 133,300

• 0.059 112,550
3,100 -1.8 707.0 10 91,800

0.10 71,450
2,450 -2.3 706.5 20 51,100

0.23 38,950

• 1,850 -2.8 706.0 43 26,800
0.37 19,800

1,400 -3.3 705.5 80 12,800
0.15 11,500

1,300 -3.4 705.4 95 10,200
0.049 8,975

• 1,250 -3.5 705.3 99.9 7,750
0.0009 5,150

1,240 -3.6 705.2 99.99 2,550
0.0001

•

•

(1)

SPF

August 1990

(2) (3) (4) (5)

26,300 +4.2 713.0 0.1
(6) (7)

669,800
(8) (9) (10)

42,645
228

42,417
246

42,171
376

41,795
323

41,472
496

40,976
892

40,084
975

39,109
1,478

37,631
1,339

36,292
1,689

34,603
2,363

32,240
6,640

·25,600
7,145

18,455
8,959

9,496
7,326

2,170
1,725

445
440

5
5

0
0
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sents expected annual damages. Subsequent paragraphs will show a sample com­
putation, and will address the justification for both the procedure used and the
conclusion that theareaunder thedamage-frequencycurve represents the expected
annual value.

sample Computation: Table 3-2displays a comprehensive picture ofall the relation­
ships used in damage evaluation. This is a standard calculation sheet that is
designed to provide all relevant information. For example, if one wanted to know
about a particular flood, e.g., the design flood, by reading across that row, it can be
readily observed that the discharge is 10,000 ds, the elevation is 709.9 feet, the
frequency is 0.6 percent, or a recurrence interval of 167 years (derived by dividing
100by0.6), and damages are $418,000. However, only thefrequencies anddamages,
columns (5) and (7), enter directly into the computation of expected annual
damages. Let us, therefore, concentrate on these columns, and the mechanics of
computing expected annual damage.

1) Column 6 represents the intervals between frequencies. For example, in the first
row, 0.00135 (0.135 percent) - 0.001 (0.1 percent) = 0.00035, the first entry in
column 6. This is done for successive pairs of frequencies, through the entire
range.

2) Next, we concentrate on column 7. The average damage between successive
damage estimates is determined and shown in column 8, and results entered
correspondingly with those in column 6. The entry of $652,200 in the first row
is the average of$669,BOO and $634,600.

3) Corresponding values in columns 6 and 8 are then multiplied to give column 9.

4) Values in column 9 are then added cumulatively, starting from zero, to give the
summation of the BAD of $42,645 shown in column 10.

Conceptual Framework for Computation: Ideally, the area under a continuous curve
with a known function, yk=f(x), can be determined by integrating over the limits of
the intervals of that function. The concept of integration is based on breaking down
the area under the curve into rectangles, and summing the results. The smaller the
width of the rectangles (or the greater the number of rectangles), the closer this
summation is to the actual area. A logical consequence of this is that if the number
of rectangles approaches infinity, the area under the curve is essentially defined.
This, then, is the basis for integration, and the justification for the procedure used
to compute BAD.

The concept can be grasped more readily by examining Figure 3-9. Damage­
frequency points, taken from the simplified sample estimates shown in Table 3-3,
are used to construct the curve shown on this chart. The heights of the rectangles
represent the average damages shown in column 4. For example, the heights of the
first and last rectangles are 600,000 and 3,225,000, respectively. The widths of the
rectangles are the frequency intervals shown in column 2. Consequently, the sum­
mation of the areas of all rectangles, i.e., the summation of all the heights times the
bases, yields the same result as in the sample computation. However, remember
that since the number of rectangles is limited, the estimate derived is only an
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approximation ofthe area under the curve. Estimates canbedistorted, based on the
number of input points, and on the shape of the curve, except where the damage­
frequency curve is a straight-line. The straight-line damage-frequency curve is an
unlikely occurrence and is used here for illustrative purposes only. The Simplified
graph, shown on Figure 3-10, has been further distorted to demonstrate the prin­
ciplesdiscussedabove. Note that, bydefinition, frequencies range from zero to one.
This figure should not, therefore, be construed to represent a realistic situation. It
does, however, serve the intended purpose.

The area under the curve is determined by three methods: by direct integration, by
the frequency intervalcalculationmethod, andbydirectly computing the area from
rectangles. Examples follow (refer also to Figure 3-11):

•
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Table 3-3
SImple Computation Of EAD

Damages, $ (thousands) Expected Annual Damages
Frequency Interval At Stage Average Interval Summation

(1) (2) (3) (4) (5) (6)
0.10 3,500 1,445

0.10 3,225 322
0.20 2,950 1,123

0.10 2,700 270
0.30 2,450 853

0.10 2,225 223
0.40 2,000 630

0.10 1,800 180
0.50 1,600 450

0.10 1,425 143
0.60 1,250 307

0.10 1,100 110
0.70 950 197

0.10 825 83
0.80 750 114

0.19 600 1140
0.99 500
1

5,000

til- 4,000
•ra 3,000

2,000

1,000
D

A

0

40
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• existing Conditions Without-ProJect

a. Direct Integration:

• y = fix) = bx+a
= 500x + 1,000

l (500x + 1,0(0) dx = [250; + l,ooox]
0

= [250(8)2 + 1,000]8_ 0

• Area = 16,000 + 8,000 = 24,000

b. Frequency Interval Calculation Method:

x-Value

• SUnvnation Interval Y-Value Average (2) x (4) Total
(1) (2) (3) (4) (5) (6)
0 1,000 24,000

2 1,500 3,000 21,000
2 2,000

2 2,500 5,000 16,000• 4 3,000
2 3,500 7,000 9,000

6 4,000
2 4,500 9,000 0

8 5,000

• Area = 24,000

c. Direct Computation:

Area of rectangle ABDC = height (h) x base (b)

• = 1,000 x 8 = 8,000
Area of mangle CDE = 1/2 (hb)

= 1/2 (4,000 x 8) = 16,000
Total area = 8,000 x 16,000 = 24,000

•

•

•

The three methods yield identical results for the straight-line situation. However,
for the typical non-linear situation, the closeness of results will depend on the
number ofinput points and, therefore, on the number of rectangles defined by these
points.

The second concern, regarding distortions from use of the frequency interval
calculation method, can be demonstrated from an inspection of Figure 3-11. Curve
4a duplicates the straight-line situation such that, by inspection, the area excluded
from rectangle ABCD, under the curve, is equal to the area included, above the
curve. This, ofcourse, is consistent with previous findings. Curve 4b is convex, and
is more typical of the shape of damage-frequency curves encountered. Rectangle
ABCD is fitted to the last two points.· By inspection, it is observed that the area
included in the rectangle, above the curve, is significantly larger than the area
excluded, under the curve, such that the estimate for this part of the curve appears
to be overstated. It appears, then, that the accuracy of the estimate is increasingly •
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compromised the more convex the curve becomes. It can, therefore, be concluded
that, typically, the frequency interval calculation method yields more accurate
results for the lower end of the curve, which is usually flatter, and represents less
frequent flood events, than for the upper part, which is usually more convex, and
represents themoreinfrequent events. Even ifitcouldbeargued that, overthe entire
range of the curve, the pluses and minuses of areas tend to cancel each other out,
EAD would still be distorted since the component of EAD contributed by more
frequent events is more heavily weighted by the higher probability than those for
the more infrequent events. Even so, we can conclude that if sufficient data points
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existing Conditions Without-ProJect

are used, the frequency interval calculation method will yield reasonablyaccwate
results, since distortions occur primarily for the more remote events.

3.1.8.1 Why Expected Annual Damage? It is important to know why the computed
value is considered to be an annual value over the study period. The three basic
functions used to determine the damage-frequency relationship (the elevation­
damage, elevation-discharge,and discharge-frequencycurves),underexistingcon­
ditions, are derived based on existing hydrologic and economic conditions. The
damage-frequency curve, employed in EAD computation, was generated from
these curves. In other words, the probability ofoccurrence of each event, in a given
year, was used to define the probable damages in that year, based on the conditions
that prevailed at that time. For example, the probable damages associated with a
lOD-year and a lo-year event are, respectively, 0.01 and 0.1 times the damages
estimated for each of these events in that year. The summation of all probable
damages, over the range of events, defines expected damages for that year. This
summation of probable damages is the same as EAD computed from the damage­
frequency curve. However, to be considered an annual damage estimate over the
period of analysis, essentially the same hydrologic and economic conditions must
prevail over the period of analysis.

3.1.8.2 HEC EAD Program: Many planners use the HEC EAD program to compute
annual damages. This canbe done by directly inputting either the damage-frequen­
cy function, or the three basic functions from which the damage-frequency curve is
derived. It is recommended that planners become familiar with the HEC Users
Manual before using this program. This will help to reinforce your knowledge of
the subject, will give an insight into how the program works~ and will make you
aware of some pitfalls to avoid when using the program. A word of caution is in
order. Theprograminserts pointsbetweensuccessiveinput points to more properly
define a curve. For example, in the case of a damage-frequency curve, nine points
are inserted betweensuccessive input points. It is important to emphasize that both
the curve,and theEADcomputed therefrom, varyaccording to thenumber of input
points, consistent with the previous discussion. It is, therefore, incumbent on the
planner to insure that sufficient points are inputted to define the relationship
properly. This is especiallycriticalwhere the studyarea has unusual characteristics
that should be captured in the analysis. Additionally, program output should
always be carefully checked for reasonableness. One way is to check the results
against recent flood events.

3.1.8.3 Computer-calculated Bias: Figure 3-12 was taken from the 1984 HEC Users
Manual. The dotted line shows the damage-frequency curve plotted by the HEC
program from the nine input points. Note that for segment AB, the curves coincide;
for segment CD, they almost coincide; but that for segment BC, there is a wide
disparity. By inspection, the segment generated by the program does not seem to
represent the best fit between points Band C. It appears that a better fit would be a
curve somewhere between the hand and computer computations. This bias in the
computer computations could be the determining factor in project feasibility. The
planner would be justified in making an adjustment to the curve and to EAD in this
analysis. Note, however, that this cannot be done without careful examination of
the output. •
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Physical Flood Damage under Future Conditions Without-ProJect

3.2 Physical Flood Damage under Future Conditions Without-Project

This section outlines the procedures used to account for all changes that would occur
during the period of analysis ifno project were undertaken in response to the study.
The term "future" is used here to denote any time period after the year in which the
studyis completed. Theperiod ofanalysis isdefined as theprojectlife, which isusually
50 or 100 years, depending on the type of flood damage reduction measure being
considered. Theperiod ofanalysisbegins with thebaseyear, when the projectbecomes
fully operational. Dueto thehighdegree ofuncertaintyover time,all economicactivity,
~~~~~~~~~~~~~~~~~~

benefits~ discounted to the base year. A large discount rate can greatly reduce the
effect of any future changes on the overall project benefits.

This section describes how changes in land use, economic activity, and physical
setting can affect flood damages. Projections have two major purposes: 1) to
determinehow changes in development and economicactivitywillaffect elevation­
damage relationships; and, 2) to determine how changes in drainage patterns that
occur as a result of physical development will affect elevation-frequency relation­
ships. These two relationships are combined to estimate damages under future
without-project conditions. Hydrologic, demographic, and economic changes are
forecasts that are necessary for the base year, and for lo-year increments up to 50
years beyond the base year.

There are five steps in the process ofanalyzing future damages. These include:

» Establishing the economic and demographic data base;

» Projecting land use;

» Establishing new economic inventory;

» Estimating new elevation-frequency relationships; and

» Calculating equivalent annual damages.

Each of these stages are described in detail below.

3.2.1 Conditions For Assessment
Any analysis offuture conditions for with- orwithout-projectconditionsare subject
to the following conditions:

1) ~ communities should be assumed to belong to the National Flood InSurance
Program and to be in compliance with the following rules:

a) No new development in the floodway, which is considered tobe thenatural
storage area of the stream.

b) The first floor of all new residential development must be above the one
percent flood elevation.
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c) All new non-residential development must be above, or effectively
floodproofed to, the one percent flood elevation.

d) No major reconstruction or additions (equaling 50 percent or more of the
structure value) to an existing property can occur without complying with
rules band c above.

2) The Flood Control District will not take actions that will promote development
in the lOO-year floodplain.

3) Decision makers are presumed to act rationally by assuming the most likely
conditions that would occur under each measure. Rationality is based on the
premise that individuals will continually act to maximize their net income.
Irrational use,suchas continued occupancy in frequently flooded areas, willnot
be perpetuated. The rationality test for continued floodplain occupancy is
whether the floodplain location offers advantages sufficient to offset the costs
of any land use or building regulations, plus the costs of any residual flood
damages.

4) Development conditions are never static. Property can be added to or removed
from the floodplain. Frequently flooded property may be abandoned and
removed over a period of years.

5) Other flood control projects that are planned or authorized and not yet con­
structed, should be evaluated according to the likelihood and projected date of
their implementation.

6) H local action is planned to occur only as the result of no District action, the
projectshould not beassumed as partofthe"without" condition. Local interests
should not be penalized for their own incentive.

The remainder of this section outlines the five basic steps used to calculate inunda­
tion reduction benefits for future conditions without-project.

3.2.2 Step One: Establish the Economic and Demographic Base
The analysis of future benefits without-project begins with a detailed study of
population characteristics and the level of economic activity in the region. Projec­
tions for population and economic activity are made for several points into the
future. Values for the intervening years would thenbe interpolated, with the values
displayed for the 10th, 20th, 30th, 40th, and 50th year beyond the base year.

For the District's purposes, there are several potential sources of information on
population and economic development. Use of anyone source should be deter­
mined by recency of figures, applicability to the situation and location, and
availability of data. Sources to be considered include:

» TheValley NationalBankpublishes the Arizona Statistical Review annual­
ly. This is an extremely reliable source of information, and can be obtained
at any branch, free of charge. It is published by the Economic Planning
Division.
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» TheArizonaStateUniversityCollegeofBusiness has a BureauofEconomic
Research which compiles data useful to economic planning.

» The Arizona Department of Economic Security has two divisions which
compile statistical data relevent to economic planning: The labor Market
Division and the Population Statistics Division.

» For national figures, the Office of Business Economics publishes a set of
projections called OBERS (Office of Business Economic Research Service)
every five years. OBERS projections are published for the Nation, each of
the 50 states, the District of Columbia, and each of the 330 Standard
Metropolitan Statistical Areas (SMSA). The 1985 publication includes

. figures for 1969, 1973, 1978, 1983, 1990, 1995, 2000, 2005, 2015, and 2035.
The state figures include population and personal income, as well as
earnings and employment for 57 industrial groups. Metropolitan earnings
and employmentfigures are limited to 14industrial groups. Furtherbreak­
downs of county data can be developed under contract to the Bureau of
Economic Analysis (BEA).

Projections of economic activity within the study area are based on three major
factors: 1) the attributes of the study area; 2) the attributes sought afterby potential
activities; and, 3) the availability of sought-after attributes in the surrounding area.

Possible future use should first be specified bybroadcategories including: residen­
tial, commercial, industrial, public use, open space, recreational, and agricultural
Sufficient area should be included to insure that the affected area covers as many
of these major categories of potential future uses as possible. When the potential
use of the floodplain includes industrial use within a metropolitan statistical area,
the entire metropolitanstatisticalarea is the affectedarea; for residential areas, even
within a metropolitan statistical area, a much smaller area may be envisioned.

All problems and characteristics of the study area should be evaluated in terms·of
existingconditionsand thebaseyear. Thebaseyearcanbeestimated by the amount
of time for the process of authorization, funding, and implementation. The period
from submission of a plan to implementation can varyconsiderably, and delays are
commonly part of the approval and funding process.

Several other attributes are critical for projecting the floodplain inventory when
land use changes take place. These attributes are generally assumed to remain
constant, unless there is strong reason to expect demographic changes: 1) popula­
tion per single or multi-family housing unit; 2) distribution of activities over the
floodplain area; and 3) natural population increase and net migration.

3.2.3 Step Two: Project Land Use Changes
land use patterns within the basin form the basis for economic and hydrologic
change. Any planning study must contain estimates for past, existing, and future
landuses. Thescaleoflandusemappingwillbedependentonthenatureoftheproject.
The following describes seven steps in the.land use projection and allocation process:
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1) Review Federal Projections: The Office ofBusiness Economics (OBE), which is
part of the Bureau of Economic Analysis of the U.S. Department of Commerce,
and the Economic ResearchService (ERS) of the U.S. DepartmentofAgriculture
calculate projections for states and metropolitan statistical areas.

2) Review State and Local Projections: Projections made by stateor local agencies
should be used in place of Federal projections when there is reason to believe
that the local projections are more accurate by virtue ofbetter localized or more
up-ta-date information.

3) Identify New Information: Any locations of specific development commit­
ments, where a developer or potential occupants have made a financial invest­
ment, should be considered as part of the base year conditions.

4) Adopt Population and Employment Projections: Population and employment
projections should be determined for the study area to determine the ap­
proximate number of acres required for each of the major land use categories.

5) Establish Land Use Classifications: In general, land use categories will follow
those established for existing conditions unless major changes in categories are
anticipated. A major influx ofnew development may require the designation of
new categories. Some land use categories may beconsolidated if it is found that
a more detailed breakdown makes littledifference in the calculation ofbenefits.

6) Establish Land Use Requirements: The existing land use pattern should, in
general, be assumed to continue in similar proportion to current patterns.
Growth in demand for land can be determined by the projected change in
population and employment. The change in the number of acres required for
each type of land use should be determined by the projected change in popula­
tion and employment. The change in the number ofacres required for each type
of land use should be determined by applying conversion factors to the
projected changes in population and employment. For example, it might be
assumed that residential development will occur at the same density as estab:- .
lished residential development. If this is the case, the projected population
increase can be divided by the current population per residential acre to deter­
mine the acreage requirement for new residential development.

7) Allocate Land Use Among Classifications: Land use allocation requires deter­
mining a set of requirements or attractiveness factors for each land use and
matching these factors with the attributes ofavailable land in the affected areas,
in and outside the floodplain. The desired attributes for each land use should
be based on economic location theory, observation of past development trends
in the area, and interviews with local developers and other business leaders.
Once this initial research is completed, there are several models to allocate land
use requirements among classifications.

One such model is the Alternative Land Use Forecasting (ALUF) program,
developed by the Institute for Water Resources. (ALUF is not operationalat the time
of this publication.) The following describes how ALUF employs user-determined
attractiveness factors for allocating land use.
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Major attractiveness mteria include:

» Access: Distance to interstate highways and other major roads, distance to
the central business district or other major commercial centers, distance to
sources of supply and markets, and availability ofpublic transportation.

» Physical and Land Attributes: flood hazard, slope, drainage, ground
cover, and soils.

» Infrastructure: water supply, sewer system, electricity, and natural gas.

» Local Prerogatives: zoning, land use plan, transportation, and infrastruc­
tureplans.

» Land Prices.

» Land Ownership.

Once these factors are identified for each of the potential land use categories, it is
necessary to establish the importance of each of these variables and build that into
the allocation equation either by giving each variable a weight or factoring it in as
a constraint. The plannercan then apply thesefactors to determine the predominant
land use or the proportion of land use distribution for each designated planning
area. Planning areas can be defined as grid cells ofuniform sizes.

The ALUF program requires that the existing land use information be entered in a
spatial data base of uniform grid sizes. The predominant land use is indicated for
each grid celL Residential, commercial, and industrial land use may be found to be
the predominant land use in 900, BOO, and 200 grid. cells, respectively.

3.2A Step Three: Establish New Floodplain Inventory
Analysis of future benefits is based on the projected level of economic activity in
the study area and its spatial distribution. The analysis entails reestablishing a
projectedinventory for eachdamage reach and floodzone so that elevatioI\~mage
functions can be applied.

Once land use is established, there are three tasks in establishing the future
floodplain structure inventory. These are: estimating the number and elevation of
physical units, estimating the future value of those units, and determining the
susceptibility of those units to flood damage. Itcan generally be assumed that land
use patterns identified in Step Two will be the same, unless there is an impending
development or recent change in the pattern of development that breaks with the
existing land use.

3.2.4.1 Affluence Factor: Increases in residential content-to-structure value ratios
are believed to increase with income over time. The affluence factor concerns the
extent ofincrease in the content-to-structurevalue ratio over the 50 year horizon for
projection ofeconomic activity. The affluence factor is assumed to be in effect with
or without a project.
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Prevention ofdamages to future increases in content value of residential stmctures
isa legitimatebenefit whena flood controlproject protects residentialdevelopment.
The following steps should be followed in calculating increases in residential
content value over time:

1) Determine average content value of existing homes and compare them with
average structural values. This is often in the 35 to 55 percent range.

2) Use OBERS (Volume 1and 2) regional growth rate for per capita income as the
growth rate for increasing the value of residential contents in the future (or
whatever local resource provides the most reliable data for the current study).

3) The future value of contents cannot exceed 75 percent of structural value nor
can the growth period be projected beyond 50 years.

4) Assume damages (and benefits) will increase at the same rate as content value.

5) Determine average annual benefits for protecting existing residential contents.
Then, calculate the benefits for protecting projected increases in content value.

An example of benefit calculations using the affluence factor procedure is given in
Section 4.3.

3.2.5 Step Four: Establish New Elevation-Frequency Relationships
Land use changes may cause major alterations in drainage characteristics, par­
ticularly surface runoff. Hydrologic changes should be projected up to the first 50
years of the project life, and will primarily be based on land use changes. It is
important that hydrologic change be noted by time interval to reflect changes in the
degree of protection over time.

Hydrologic changes are critical when determining the level of protection afforded
by any particular measure. Consequently, conditions should not be presented as
averages, but rather shown as incremental changes that are staggered over the
period of analysis.

3.2.5.1 calculate Land Use Changes Effect on Runoff: The rooftops, streets, and park­
ing areas that come with urbanization can greatly reduce the amount of water that
infiltrates the ground. All jurisdictions in Maricopa County require that additional
runoffbe reduced byretention and diversion schemes. However, retention require­
mentsvary from one jurisdiction to another. In calculating future conditions, local
retention requirements should be taken into account.

3.2.5.2 identify Other Physical Changes: Changes in the conveyance system that car­
ries stormwater runoff can also affect elevation-frequency relationships. Cleared
and otherwise smooth channels convey water more quickly and sustain fewer
runoff losses than channels with vegetation and other obstructions. Storm sewers
also cause more rapid conveyance, unless temporary storage is provided.
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3.2.5.3 Re-do Hydrologic Analysis: The total amount of discharge for a given fre­
quency of storms call be eStimated by calculating the combined effects of the
hydrographs for each sub-basin. The rainfall/frequency relationship is held con­
stant. The new hydrograph is computed for each sub-basin by use of a simulation
model that calculates and applies new runoff coefficients.

3.2.5.4 Review Hydraulic Analysis: For without-project conditions, hydraulic chan­
ges willbe limited to any impending physical change, suchasa bridge replacement,
or anticipated long-term physical processes that would affect the geometry of the
channel and consequently affect the elevation-discharge relationship.

3.2.5.5 calculate New Damage-Frequency Relationships
1) Update land use information.

2) Apply new elevation-frequency relationship.

3.2.6 Step Five: Calculate Equivalent Annual Damages
Equivalent annual damages are the discounted values of damages after the man­
dated interest rate has been applied. While projections are limited to 50 years,
equivalent annual damages are based on the entire project life, up to 100 years.

The elevation-damage relationship is calculated by the same procedure illustrated
in Section 3.1.7. Elevation-damage curves change as a result of work done in the
previous four steps.

Equivalent annual damages are calculated using established procedures similar to
calculating average annual damages as illustrated in Section 3.1.8. An important
difference between expected annual damages and equivalent annual damages is
discounting. Theeffect ofdiscounting is to lowerthe averageannual expected value
of future flood damages. For example, the equivalent value of flood damages seven
years into the future might be worth 50 percent of the same damages if they were
to occur this year.

Figure 3-13 shows some of the possible growth trends that could occur. Between
existing and base year conditions, damages could increase, remain constant, or
decline. Evaluation of the most probable future condition will determine which
growthtrend occurs. However, it is important to emphasize that existingconditions
must first be clearly defined. Without knowing "what is," it is unlikely that "what
will be" can be properly defined. Curve IT represents constant conditions over the
entire study period. Damages computed for existing conditions, therefore, repre­
sent annual damages over the entire period considered. If, on the other hand,
conditions change· significantly between existing and base year conditions, as
suggested by CurveI orCurve W, existing EADmustbeadjusted to establish a new
base year estimate. Generally, however, because of changed economic conditions,
Curve ill represents the future growth path of damages. This curve is isolated and
shown in Figure 3-14. Damage estimates represented by this curve are based on
future economic and hydrologic changes, generallycategorizedas futureurbaniza­
tion. These future values are discounted and annualized in accordance with the
procedures outlined in Chapter 5. •
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3.3.1 Overview of the Process
This section describes the types of costs that are incurred by floodplain occupants
beyond the physical flood lossesdescribed above. There are two types ofnon-physi­
cal costs: 1) costs that are incurred only in the event of a flood or when flooding
looks imminent enough to warrant emergency action; such costs include: income
loss, emergency costs/ traffic rerouting, and temporary relocation; and 2) costs that
are incurred because of the flood potential regardless ofany particular flood event.
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3.3.2 Problems inEstimating Non-Physical costs
The magnitude of non-physical costs are not well documented. There are few, if
any, commonly accepted generalized non-physical cost functions similar to those
for structure and contentdamage. Unless any generalized relationship is available,
these costs should be estimated from specific independent data, and not computed
as a percentage of physical damage. Accurate estimation of these costs requires
compilationofinformation from a numberofpublicagendes/serviceorganizations,
businesses, and individuals. Estimation of non-physical costs also requires the use
of "shadow prices" or proxies for the uncompensated time flood victims and
volunteers spend in damage prevention and post-flood recovery periods. Because
of these problems, non-physical costs often receive limited attention in benefit
calculation, and the alleviation of these costs does not generally constitute a large
portion of the average annual benefits. The level of detail spent on estimating these
costs shoulddepend on whether there is potential ofsignificantly reducing these costs.

The District uses five categories of non-physical costs. These are income losses,
emergency costs/ floodproofing costs/ restoration of land market values, and the
modified use offloodplain property. The definition of these categories, the applica­
tion of these benefits to Maricopa County benefit calculation, and formulas for their
calculation are all given below.

3.3.3 Income Loss
Incomelossesare reductions in income when flooding or the threat offlooding halts
production Or delivery of goods and services. These losses occur: 1) when the
production ordelivery of these goods and services are not recuperated by postpon­
ing theactivity or transferring itto another location, or/2) when there are additional
costs caused by delay or transfer of the activity.

Income losses are incurred by businesses and labor as a result of flood-induced
shut-down in the production and delivery of goods and services. These losses can
occuratany time during three periods: 1) flood warning, when business operations
shut down and effort concentrates on damage prevention and evacuation; 2) flood
inundation, when flood fighting and evacuation continue; and, 3) cleanup and
restoration, when there may be a phasing in of normal activity. Even the threat of
flooding can cause shut down of business operations for extended periods along
large river basins. Inundation can vary from several hours to over a week, depend­
ing on the sources of flooding.

•

• August 1990 53



Damage calculations

Income losses may occur directly to the business or institution being flooded. or
losses may occur indirectly when roads are closed and public utilities are cut off.
Business losses can also occur from the spoilage of perishable commodities and
when their processing or distribution are interrupted. by flooding. Income losses
also include any additional transportation or production costs that result from
transferring production from one area to another.

There are no general guidelines as to what constitutes non-recoverable income
losses. Thatdetermination would have to bemadebyquestionnaires and post-flood
surveys of the directly affected businesses and other firms that supply identical or
easily substitutable goods and services in the same market area. It is likely that
non-recoverablebusiness losses mostlyfollow unique patternsandwould therefore
require individual attention.

Businesses where losses would be expected to be non-recoverable include:

» Public utilities, including water supply, electricity, natural gas, and
telephone;

» Losses where delays in delivery or processing cause spoilage ofperishable
items, such as meat, dairy products, fruits and vegetables, and baked
goods;

» Businesses that produceunique productsorbusinesses whose competitors
are at full production;

» Newspapers, radio, and television stations which provide the onlysources
of local or national information;

The likely production loss that would occur from the use of company resources for
repair and clean up of damaged property should not be counted. if it has already
been used to estimate the physical damage to structure and contents.

The amount of income loss is measured by the value added. from the activity at the .
particular firm in question. ''Value added" refers to the increase in value to a final
product or service solely from input by the facility in question. Only factors that
provide real increases in the value of the output should beconsidered.. For example,
the labor and machine processing that goes into an industrial product adds to the
real value of a product. The taxes paid by the facility do not directly add to the real
value of the product, although they do add to the final price.

The procedure for computing income-loss for any given business is given by the
following equation:

L = NxVxD/H

where

L = the income loss for an individual business

N = the number of employees •
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v = the annual value added by the business per employee

D = the duration in operating hours that a business is closed

H = the number of hours the business operates in one calendar year

Most ofthe variables in this equationareself-explanatory. Thedata for most ofthese
variables are readily available. The value added for the business may be estimated
by multiplying thenumberofemployees in the businessbytheaverage valueadded
per worker for that industry. The formula given above is adapted from Industrial
Flood Losses: Damage Estimation in the Lehigh Valley (Kates, 1965, p. 56).

Value-addedstatisticscan beobtained from the RegionalAnalysis Division, Bureau
of Economic Analysis (BEA), U.S. Commerce Department. The BEA has compiled
value-added statistics for eachstate by two-digit SIC code equivalents, available on
microcomputer diskettes and published by one-digit industries in the BEA publi­
cation, Experimental Estimates ofGross State Product by Industry, StaffPaper#42. Both
the microcomputer data and published information are 1972 data. Annual es­
timated value-added data are available by the equivalent of 4-digit SIC codes on
BEA's National Regional Impact Evaluation System (NRIES) II. These annual data
are compiled by somewhat less rigorous means.

3.3A Emergency Costs
Emergency costs include:

» Efforts taken to monitor and forecast flood problems.

» Actions taken by police and fire departments, Civil Defense, the Flood
Control District, and other agencies to warn and evacuate floodplain
occupants, to direct traffic, and to maintain law and order during a flood.

» Flood fighting efforts, such as sandbagging and building closures, taken
to reduce flood damages.

» Costs of efforts, suchas emergency shelters and provision of money, food,
andclothing, offered to relieve the financial situation experienced byflood
victims during and after a flood emergency.

» Evacuation costs for floodplain residents.

» The administrative costs for public agencies and private relief agencies in
delivering emergency services.

Emergency costs generally include only the variable costs that would be incurred
at the time of a flood event.

The fixed costs ofemergencyprograms,suchasmaintaining theadministrativestaff
and equipment needed in typical daily operationshould be considered only if there
is a reasonable possibility that these costs could be reduced by a project. For
example, the number of people and equipment necessary for a flood warning
system might be reduced with a reservoir or a channel project. Less detail might be
necessary for maintaining the flood forecast program.

•
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3.3.5 Traffic Rerouting
Flooding can temporarily impede traffic by covering roads and bridges. Even the
threat offlooding and concern for publicsafetymay make it necessary to close roads
and detour traffic. Bridge and road damage may cause detours for several months
until repairs can be made. The costs of traffic disruption include:

» Additional operating cost for each vehicle/ including depreciation/ main­
tenance/ and gasoline per mile of detour.

» Traffic delay costs per passenger.

To determine traffic operating cost/ it is first necessary to determine the frequency/
elevation/ and duration of flooding along major stretches of road that are subject to
flooding. In order to concentrate on areas where the most significant benefits might
occur/ it is necessary to focus on portions of roads where there would be consider­
able traffic rerouting for long periods of time.

Beyond the inundation mapping/ there are eight tasks necessary to determine the
operating costs of traffic rerouting:

1) Estimate the amount of time that a particular stretch of road would be impassable.

2) Use local traffic counts to determine the extent of daily and seasonal traffic
crossing bridges and major thoroughfares affected by the flooding. Separate
counts are obtained for automobiles and trucks.

3) Determine the number of miles in the Original route.

4) Determine the number of miles in the best alternative route. Highway depart-
ments will often have detour plans that can beused for making these estimates.

5) Determine the additional miles per vehicle.

6) Determine the totalamount ofadditionalmileageforallautomobileand truck traffic.

7) Estimate the average vehicle operating expense from the closest office of the
American Automobile Association. The Private Truck Council of America and
Chilton Company publish the Cost Index Survey for Private Trucks. Average
operating cost statistics are multiplied by the total mileage requirements for
automobiles and trucks to obtain the total additional operating cost for each
type of vehicle.

8) Add the total additional operating costs for automobiles and trucks together to
obtain the operating costs by frequency of event.

An example of these procedures is given in Table 3-4.

The second portion of traffic rerouting is traffic delay costs. This cost accounts for
the additional time spent by individuals forced to take the detours due to road
closings. Since time is usually more valuable than the average vehicle operating •
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Table 3-4

Addldonal Operadng Cos1S AssocIated with Inundated Roadways
(100-year Event)

Step One: Rood duration above 1foot 100 hrs
Step Two: Average traffic count for flood period

Automobiles
Trucks

Step seven: Total Additional Operating Costs
Automobiles (350,000 x $O.30lmile)
Trucks (75,000 x $O.50/mile)

•

•

Step Three:
Step Four:
Step Five:
Step Six:

Number of Miles for the Original Route
Alternative Route Mileage
Additional Mileage per Vehicle
Total Additional Auto Mileage
Total Additional Truck Mileage

70,000
15,000

25
30
5

350,000
75,000

$105,000
$ 37,500

•
Step Bght: Total Additional Operating Costs

for a1oo-year Event $142,500

costs in the same period, traffic delay costs can be expected to be higher than traffic
operating costs.

The procedures for calculating traffic delay costs are as follows:

• 1) Determine the total number of miles for the Original route and for the detour
route for automobiles and trucks. This can be obtained from steps 2, 3, and 4 of
the traffic operating costs procedures.

• 2) Determine theamount oftime required on the Original route for carsand trucks.
The average speed under all times and conditions, weighted by the amount of
traffic, should be multiplied by the number of detour miles.

3) Determine the amount oftime required on thealternative route for automobiles
and trucks. Theweightedaveragespeedfor thealternative route underall times

• and conditions should be multiplied by the number of detour miles.

4) The additional travel time is computed by subtracting the original travel time
from the rerouted travel time for both automobiles and trucks.

5) Determine the approximate average number of passengers per vehicle by

• contacting the Arizona Department of Transportation or Maricopa County
Highway Department.

6) Assess the cost oftravel for automobile drivers and passengers, using one-third
theaverage localwage foradults and one-twelfth the average wage for children.

• •
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7) We can assume that truck drivers are mostly operating their vehicles in the
courseofwork. Therefore, it is reasonable touse the average local wage for truck
drivers to determine the delay costs for tmcks.

8) Add automobile and truck delay costs to determine the total cost per event.

An example of traffic delay costs, taken from the Passaic River Study, is given in
Table 3-5. Some numbers in this example have been rounded to the nearest tenth.

3.3.6 Floodproofing Costs
The costs of permanent or dry floodproofing measures taken by individuals to
protect their property and to meet the National Flood Insurance Program require­
ments can be eliminated by structural protection measures and permanent reloca­
tion.

T_3-5
Total Travel Cost Associated with Inundated Roadway

(100-year Event)

Step One: Original mileage for automobiles
25 x 70,000= 1,750,000 miles

Original mileage for trucks
25 x 15,000= 375,000 miles

Detour mileage for automobiles
30 x 70,000= 2,100,000 miles

Detour mileage for trucks
30 x 15,000 = 450,000 miles

Step Two: Original travel time for automobiles
1,750,500/45 mph = 39,000 hours

Original travel time for trucks
375,000/45 mph = 8,333 hours

Step Three: Detour travel time for automobiles
2,100,000110 mph. 210,000 hours

Detour travel time for trucks
450,000/10 mph = . 45,000 hours

Step Four: Additional travel time for automobiles
(210,000 - 39,000) = 171,000 hours

Additional travel time for trucks
(45,000 - 8,333) = 36,667 hours

Step FIVe: Delay costs
Automobiles (171 ,111 x $2.80/personl

hour x 1.25 adults per vehicle) = $598,000
(171,111 x $O.70/personlhour x

0.6 children per vehicle) = $71,820
Trucks (36,337 x $l21person hour) = $440,004

•
Step Six: Tolal delay costs to all vehicles = $1,109,824
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Floodproofing costs are incurred from the adoption of permanent features, known
as dry floodproofing, and the adoption of temporary measures during periods of
flooding, known as wet floodproofing.

Floodproofingcosts shouldbe thoughtofas applying to individualunits, asdistinct
from emergency preparedness activities that apply mostly to outside property.
These costs can be expected to vary a great deal, and they cannot be properly
estimated without extensive survey of the study area. The estimated costs should
include the expenses for all material and labor, with labor valued at the average
area rate for custodial services. The effects of these measures are considered in
elevation-damage relationships.

3.3.7 Temporary Relocation and Reoccupation Costs
Temporary relocation includes the additional living expenses incurred by
floodplain residents who are forced to find temporary housing during and after a
flood. Homes may be made uninhabitable due to:

» Extended periods of inundation.

» Structural damage that is too severe to live with, as when critical parts of
the structure, such as plumbing, heating, and electrical systems are ruined
or inoperative, or when silt and debris is widespread throughout the
structure.

» Large deposits of silt and debris.

» Cutoff of transportation routes and utility services.

Temporary relocation costs include:

» Costs of motel rooms orapartment rentals.

» The extent that costs of restaurant or prepared food exceed ordinary
grocery costs.

» Additional costs of commuting to work and school.

» The opportunity costs of the time spent in making household repairs,
contracting for repairs, and purchasing new furnishings and personal
effects. The net difference in utility expenses should also be considered.

Whether or not individuals are forced to temporarily relocate because of flooding,
they will still incur the expenditure of many hours in contracting, supervising and
inspecting repairs made on their homes, contracting for repair and replacing
household furnishing, and filling out casualty loss forms for flood insurance,
income tax deductions, and other disaster assistance. These costs should be deter­
mined by interviewing a sample of flood victims who have experienced varying
elevations of flooding.

Temporary relocation costs apply primarily to high levels of inundation and when
there are flood durations of one day or longer.

•
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3.3.8 Modified use of Flood-Prone Property
The threat of flooding will often cause occupants not to use areas of their buildings
that aresubject to the most serious flood threat orcausea less valuable or inefficient
use of the property. Arrangements of contents, although it may be considered
inconvenient, is not a major economic loss. For benefits to be considered for this
category, there should be evidence of a substantial number of rooms or properties
otherwise not in full use. This category closely parallels benefits for more intense
use offloodplain business propertyand the affluence factor for residential property
described in Chapter 4. The distinction is that intensification benefits and affluence
factor include the acquisition and use of new and more valuable contents, while
modified use refers strictly to a change (reduction) in the actual use of a portion of
the structure.

3.3.9 Restoration of Land Market Values
Restoration of land market values is a seldom used but legitimate benefit category,
intended to capture benefits that otherwise might be considered intangible. This
might include the psychological trauma and inconvenience of flooding which
would be perceived in the real estate market. These are costs faced by the property
owner which are over and above the costs of flood insurance premiums, uninsured
flood losses, and temporary relocation.

To determine the extent of these costs, it is necessary to compare real estate values
in the floodplain with comparable properties outside the floodplain or determine
the effects that similar flood protection projects may have had on land values. From
that, it isnecessary to project the increase invalues that flood protection might bring
to the project area. A sample calculation of the restoration of land market values
benefits is given below in Table 3-6.

Note that the specific concern here should be for long-termland values. The market
value of property can be expected to change significantly with the amount of time
since the most recent damaging flood. The evaluator should be concerned with
long-term land values that would average out the changes of land values "for·
flooding and non-flooding years.

If the land is currently undeveloped, it would be easier to measure the enhanced
value as a location benefit. If the land in question is part of developed property, it
should be clearlydemonstrated that there is no double-counting what may already
be claimed under physical inundation reduction benefits.

1able3-6
Restoration of Land Market Values
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Value of Restored Land
Value of Land in Present Condition
Increase in Value
Reduction in Flood Insurance Premiums, Uninsured Physical

Damages, and Temporary Relocation
Total Benefit
Average Annual Benefit

$20,000,000
$16,000,000
$ 4,000,000

$ 3,000,000
$ 1,000,000
$ 88,nO
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Various floodplain management options are available to reduce flood damages to
existingand future occupants. The optionscanbedivided into two maincategories,
structural and nonstructural. Structural flood damage reduction measures are
defined as those measures that modify the height, amount, duration, frequency or
extent of flooding in an area. Similarly, nonstructural measures are defined as
measures that modify the response to or susceptibility of floodplain property to
flood damage rather than changing the characteristics of the flood itself. Thus, a
project to keep river flows within banks would be structural, while removing
damageablepropertyfrom the natural floodplain wouldbe nonstructural. Building
a levee around a town would be structural, but building a floodwall around an
individual building would be nonstructural.

4.1 Inundation Reduction Benefits for Structural Measures

There are many types of structural measures, including traditional projects like
dams, channels, levees, and more recent proposals like movable barriers and
diversion tunnels. Each measure can be designed to provide varying degrees of
protection and geographic scope. Structural measures may becombined or supple­
mented with non-structural solutions.

4.1.1 Impoundments: Wet and Dry Reservoirs
The first type of structural measure is an impoundment that holds floodwaters
duringstormperiodsand graduallyreleases thewaterduringperiodsoflowerflow.
This serves to reduce the frequency of various flows, reducing flood heights and
decreasing flood damage. The storage volume could be part of a multi-purpose
reservoirallocated to flood control,ora singlepurpose flood control reservoir either
having a small permanent pool or acting as a dry dam. The magnitude of flood
reduction depends on the storage volume available, the amount and timing of the
runoff, and the distance to the damage area.

Flood elevations are determined by calculating frequency-discharges for the with­
and without-project conditions and converting the discharge to flood elevations
using a rating curve or a hydraulic model. The dam would have little effect on the
downstream hydraulics, but it would alter the frequency with which certain flood
flows would be expected to recur. Benefits may be computed by comparing
damages from the elevation-damage relationship, also unchanged, for each condi- •
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tion. Generally, flood control dams produce lower downstream elevations but for
a longer duration. This would normally result in l~ damage for a given frequency
flood (a lowerfrequency~amagecurve)anda netbeneficialeffect. Insomeagricultural
or forestry situations, the duration of flooding is more dismptive than the depth
(especially when the depth has been regulated), giving negative benefits (or costs) to
the evaluation of the project. These costs should be recognized and could play a
significant role in the future operation of the dam. Figure 4-1 shows how various
reservoir designs affect damage frequency relationships.

The analyst should note that when evaluating multi-purpose reservoirs, flood
control may be only one of many project benefits which must compete for the
availablestorage. Otherbenefitcategoriessuchas watersupply,hydropower, water
quality releases, recreation, and fish and wildlife enhancement may be adversely
impacted by the flood control storage. In some areas at certain times, flood control
storage is the only purpose served. The operating system for a reservoir is very
important in determining the after-project condition. A single size reservoir at a
particular site may have several plan formulations based on the storage allocated
to competing uses. The economist or study team must accurately weigh the benefi­
cial and adverse impacts to each category from a particular reservoir operation
system.

Most of the impoundments in Maricopa County will be dry dams-as there are
limited water sources in this area. A dry dam is a much simpler operating system
than a wet dam because it has one primary purpose (flood control, but possibly
including some outdoor recreation) whose benefits may be calculated using
straight-forward with and without-project conditions. Dry dams are more difficult
to justifyeconomically Oess benefit categories) and are often less popular with local
sponsors. They require large land areas and relocations much like a lake, but would
not have the same water quality or evaporation problems. In most urban areas, a
multi-purpose project would be much more feasible because of the high demand
for additional project outputs, such as water supply and water-based recreation.
Since the incremental cost for these features is usually less than the incremen:tal.
benefits, they improve the economics of the overall project.

An example of an impoundment analysis is a dam site which can be developed to
provide 2, 4, or 6 inches of storm runoff storage for all ofthe basin upstream of the
reservoir. Table 4-1 shows the beneficial flood control effects of each option.

Table 4-1
Damage Prevented by Reservoirs for aOne Percent Flood

Plan of
Development

Natural condition
2" Flood condition
4" Flood Condition
6" Flood condition

62

Acre-ft F.e. One Percent One Percent
Storage Discharge Flood Stage Flood Damages

o 50,000 30.0 2,000,000
6,000 44,000 27.0 1,200,000

12,000 37,000 23.0 600,000
18,000 29,000 18.0 200,000

One Percent
Flood Benefits

o
800,000

1,400,000
1,800,000
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4.1.2 Barriers: Levees and Floodwalls
A second type of structural measure is a barrier erected to protect the occupants of
the floodplain from inundation. The best known of these are the extensive levee
systems along the Mississippi River. Also included would be dikes and floodwalls,
floodgates, wind-tidebarriers,andcoastalberm-and-duneprojects.Thesemeasures
raise the beginningdamage level to the top of the structuredesign height, including
a freeboard allowance, and are then subject to complete or near-complete failure.
These barriers affect the extent of flooding and mayor may not change the flood
height or peakdischarge volume. Hydrologic and hydraulic (H & H) analyses must
be done to determine if lost storage volumes and flow areas are significant enough
to change frequency-discharges or flood heights. In the event that a levee is over­
topped, damages could be higher than ifno levee were builtbecause ofa false sense
of security, induced development, and longer flooding durations. The local flood
warning and evacuation plans are essential with low-level levees and should be
planned before such a project is recommended.

Barriers which prevent the entry of water also prevent the exit of water and may
require pumps and/or storage areas to reduce damage from interior drainage. In
these cases, economic analyses should include residual damages from interior
ponding and operation, and maintenance and replacement costs for pumps and
flood gates. Benefits for the leveeare calculated by modifying the elevation-damage
curves to show no damages until the level of protection is exceeded. Dikes are
usually designed to include an additional height called freeboard to account for
risk, hydrological imprecision, wave action, and uncertainties. A flood reaching the
design elevation of the dike would not cause immediate failure because of this
freeboard allowance. Present guidance allows for benefits to be claimed in this
freeboard area as one-half the totalbenefits in the area between the design flow and
the maximum flow that can be safely passed. In many cases the benefits from this
freeboard may be significant, especially when a large freeboard allowance is re­
quired. Figure 4-2 shows the effects of various levee designs on the elevation­
damage relationship.

An example of a dike plan is an urban levee providing nominal levels ofprotection
and including 3 feet of freeboard allowance. Table 4-2 shows the beneficial effects
of various levee heights.

Table 4·2
Average Annual Benefits for Levees

Plan of
Protection

3.33% (30-yr) levee
1% (1oo-yr) levee
SPFlevee

64

ProtectIon
Stage

9.0
12.0
15.0

Stage at Frequency Avg Annual
Top of atTop of Benefits for
Levee Levee Design

12.0 1% 600,000
15.0 SPF 1,000,000
18.0 >SPF 2,000,000

AvgAnnual
Benefits for
Freeboard
200,000
500,000
200,000

TolII Average
Annual BenefIts

800,000
1,500,000
2,200,000
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4.1.3 Channel Work
A third type of structural measure is an increase in the hydraulic capacity of the
stream channel to decrease flood elevations for the same rate of discharge. This
increase in flow area may come from widening and/or deepening the channel,
cutting a benchchannel at a specified height above the stream bottom, or providing
a diversion channel or cut-off. In some cases the channel walls may be modified to
decrease friction and improve flow, such as paved or concrete channels. Gearing
and snagging or removal of vegetation or aquatic weeds may also be done to
improve capacity and decrease flood elevations. The new channel capacity is often
defined by the frequency-discharge it can contain. Figure 4-3 shows how different
channel designs affect the elevation-discharge relationship.

These measures to improve hydraulic capacity may lessen floodplain storage,
increase velocity, and decrease peaking times which may result in higher
downstream elevations. Benefits may be claimed as the with and without-project
elevati9n-frequencycompared to the elevation-damagefunction. Any area ofnega­
tive impact should be included. Also, future damage predictions should take into
account any decrease in hydraulic efficiency over time, the cost of a preventive
operation and maintenance system, and future growth in floodplain occupancy.
Regulatory floodways should be established to prevent encroachment into the
improved floodplain and maintain hydraulic integrity.

Table 4-3 depicts a channel improvement project with SO, 80 and 120 feet bottom
widths and the beneficial effects of each plan.

4.1.4 Impediment Removal
A fourth type of structural measure would be the removal or modification of any
impediments to flow, suchas dams, restrictive bridges, piles, piers, or rock outcrop­
pings to improve flow and decrease elevations. Evaluation of this measure would
be similar to channel improvement and should account for any decrease in water
surface elevation for any given frequency of flooding. In bridge replacements,
highway betterments may be subtracted from the project cost in the economic·
analysis. Improvements to navigation should also be considered a benefit.

4.1.5 Combinations of Measures
The larger flood control studies often analyze combinations of structural measures
to produce the desired improvements. Plans are formulated with interrelated
measures ofvarioussizesandprotectionlevels to maximizenetbenefits to Maricopa

Table 4-3
Average Annual BenefIts for Channel Work
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Plan of Channel
Natural
50-ft bottom-width
80-ft bottom-width
120-ft bottom-width

Bankful
Capacity, cfs

5,000
10,000
20,000
30,000

BegIMlng Dam
Frequency, %

50 (2-yr)
6iJ7 (15-yr)
1.25 (80-yr)
0.5 (2oo-yr)

Average Annual
Damages

2,000,000
1,200,000

500,000
200,000

Average Annual
BenefIts

o
800,000

1,500,000
1,800,000
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County. For example, since land is scarce in urban areas and floodwalls or levees
maybeunappealing and difficult to locate, floodwalls,levees and channel improve­
ments are often combined to yield higher levels of protection than would be
available separately. In some cases, measures to modify the discharge-frequency,
elevation-discharge response, and elevation-damage results are all included in one
comprehensive plan. The effects of each of the plan's components must be deter­
mined individually and collectively during the economic analysis.

Benefits from a combination of measures are not additive, but must be analyzed to
determine the combined effect.

4.1.6 Other Concerns
The interactionbetween the economicandhydrologicaspects ofurbanflood control
planning is crucial to thedevelopmentofworkableplans that will function efficient­
ly. These two study aspects should be matched for level ofdetail, timing of results,
and data compatibility. Elevation-frequency curves should be developed for the
existing natural and improved conditions, and at least the base year condition, and
25th and 50th project year conditions.

Many economic flood damage programs are now available which compute
damages and benefits directly from hydrologic results, usually HEC-2 flood
profiles. They allow accurate computation of flood damages without requiring
adjustments to index points. This interaction is placing greater demands on the
economist to understand hydrologic engineering and on the hydrologist to become
familiar with benefit-eost analysis. Cross-training and developmental assignments
can be used to promote this mutual knowledge.

Thereare some majorconcerns inanalyzing the economicaspects ofstructural flood
control measures. The most important is obtaining accurate, timelyand compatible
hydrology data. In many cases, the frequency with which flooding can be expected
is much more critical to average annual damages and benefits than the dollar
damageestimatefora particularflood elevation. With largebasinand urbanstudies.
being performedalmost totallywith computerassistance, data which is compatible,
both geographically and operationally, between economics and hydrology is a
tremendous help. Having hydrology data that have been reviewed and approved
before completing the economic analysis can save many weeks of revision and
duplication. A good understanding of the effects of with- and without-project
hydrology can allow a much better feel for total costs and benefits of a structural
measure.

4.2 Inundation Reduction Benefits for Nonstructural Measures

Nonstructural measures generally have a negligible effect on any hydrologic or
hydraulic relationships. Nonstructural measures primarily modify the elevation or
elevation-damage relationship. The exceptions to this rule are the usually minor
and localized effects of floodproofing byuse of landfill and relocation ofstructures
from the floodway. Theconsequences ofeach type of nonstructural measure on the
elevation-damage relationship and the procedure for measuring the subsequent
benefits are described below.

•
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Inundation Reduction Bene!lts for Nonstruetural Measures

4.2.1 Flood Warning and Resp»nse ... .
In cooperation with the National Weather service and Civil Defense, the Flood
Control District has devised a flood warning and response system for Maricopa
County. Thesystemis designed to improve thecommunity's capability for accurate
and timely forecasts of damaging floods by providing the communications net­
work, information, and resources necessary for individuals to evacuate safely and
for floodplain occupants to take effective damage reduction actions. The system
incorporates six essential elements:

1) District personnel monitor the National Weather Service's radar system to
detect weather patterns early, and also monitor rain and stream gauges to
determine the magnitude and effect of storms.

2) Forecasts for the location, magnitude, and time of flood crests are calculated
after entering the gauge information into flood forecast models.

3) Civil Defense issues flood warnings to floodplain occupants and flood fighting
teams so they may take emergency actions.

4) Damage prevention actions are taken, including moving the contents of build­
ings, moving vehicles, shutting offand disconnecting equipment, rescheduling
business operations, sealing entrances, and. installing temporary barriers.

5) Evacuationoccurs,as necessary. Evacuation is theprocessoffaci1itatingorderly,
safe movement of floodplain occupants from areas where there is the potential
risk of physical harm.

6) Finally, there is the continual management of the warning and preparedness
system to maintain the physical integrity of the monitoring and warning equip­
ment, to insure the timeliness of the forecasting model, and to maintain the
public awareness ofthe flood threat, warning messages and channels, and what
actions to take in the event of an emergency.

The greatest potential lead time is limited, regardless of the forecasting equipment,
by the size of basin, topography of the basin, the source of flooding, and the
magnitude of flooding. Without the ability to forecast the amount and location of
precipitation before it hits the ground, the forecast lead time is limited by the time
of concentration, the amount of time between when precipitation hits the ground
and when it reaches the area with the potential flood hazard. Figure 4-4 shows how
inundation lead time will vary with the frequency of the flood event.

The benefits ofa flood warning and preparedness systemdepend on the extent and
quality of the investment made in all of the elements listed above. These benefits
are measured by the incremental level of damages and cost prevented by a new
system over and above what is already provided by the District's current network.

•
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figure 4-4
Frequency-Lead Time

The benefits of warning systems depend on:

» The accuracy and timeliness of the forecasts.

» Timeliness, informativeness, coverage, and credibility of the warning
message.

» The reliability of the forecast system to consistently give accurate site-
specific, and timely flood predictions. '. . .

» The degree and the effectiveness of the response by individuals, busi-
nesses, and local governments.

Since much of the benefit may not be realized without each part of the system
operating,and there isa greatdeal ofuncertainty involved in how well each ofthese
components will operate, the benefits of warning are very difficult to evaluate.
There is no specific degree of protection below which residual damages are cur­
tailed. Instead, judgments must be made as to how well each of these systems will
operate. Other significant problems are the lack of a track record in performing
benefit!cost analysis and the even more significant lack of post-flood study to see
how well flood warning and preparedness systems have performed.

Benefit calculations for warning and preparedness, when they have been made,
generally are limited to physical inundation reduction benefits. This is primarily
because of the laCk ofcase studies that would help determine the effect of warning
systems on non-physical costs, location, or intensification benefits.

•
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figure 4-5
Flood Warning Response

Maxlnwm PractIcal Flood Loss Reduction
(Adapted from Day, 1970)
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A basic tool for evaluating benefits of warning and preparedness measures is the
"leadtimeldamages prevented" function. This function was developed by Harold
Day, and has been· used by researchers ever since to determine the amount of
damage thatcan physicallybe prevented within a givenamount of time (Day, 1970).
The Day leadtimeldamages prevented curve is illustrated in Figure 4-5. Day's curve
assumed a 100percent response, which presumes that all of the affected population
will receive the message, know what to do and have the inclination and the
capability to respond.

The Corps of Engineers' New York District presented a modification of the Day
curve with more conservative assumptions on the extent of response in their 1985
feasibility report Flood Emergency Preparedness System: Passaic River, New Jersey and
New York, 1984 (U.S. Army Corps of Engineers, 1985). The degree and the effective­
ness of the response were believed to depend on the means by which the message
is received, with larger responses expected for a direct warning than a warning
broadcast over the media.

•
The prevention of income losses was another benefit illustrated in Industrial Flood
Losses: Damage Estimation in the Leheigh Valley (Kates, 1965). Robert Kates presented
a business downtime function which showed that flood emergency costs, such as
flood fighting, and policeand fire custodial safetyand traffic direction services, can
be expected to increaseas partofthecosts ofwarningandpreparedness. Effidendes •
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in delivering emergency service may occur with flood forecasting. The extent of
these efficiencies have not been well documented.

Other non-physical costs, such as floodproofing, the administrative costs of flood
insurance, temporary relocation, and land market value cannot be expected to
change substantially with warning and preparedness.

In areas subject to high velocity floods with limited lead time, public safety con­
siderations may override the need for economic justification.

4.2.2 Permanent (Dry) Floodprooflng
Permanent or dry floodproofing includes actions taken in a dry, non-emergency
period to reduce potential flood losses. Permanent floodproofing is generally
identified with individual properties. Even measures normally thought ofas struc­
tural, such as levees and floodwalIs, are defined as floodproofing.

The measures described above under warning and preparedness are only activated
in the case of imminent flooding. The floodproofing measures described here are
permanentand usually require no action in the event ofan emergency to make them
operable. The measures have the obvious advantage of not being subject to a
logistical constraint. Because of this advantage, floodplain activities can be assured
of a more specific degree of protection and a consistent modification of the eleva­
tion-damage function than what is found with warning and preparedness

. measures.

The degree of protection is, however, site specific. Floodproofing also leaves a high
level of residual risk to individuals, because access to and from the structure may
be blocked by floodwater and this will present a danger to individuals trying to
enter or leave. There is also the threat that floodproofing may fail, causing as much
or more damage than would have occurred without the floodproofing.

Permanent floodproofing devices can fall into three distinct categories:

1) Raising, which includes landfill, piers, and high foundations.

2) Closures, which include non-porous construction material and permanent
blockages.

3) Barriers, which includes floodwalIs and levees.

All of these categories include measures that can be applied to retrofitting existing
structures or to new construction. Raising merely involves an adjustment in the
building elevation in computing residual flood damage. There is the danger of
structuralfailure to buildings elevatedbypiersduring highvelocityevents. Benefits
for closures can only be considered up to a point where hydrostatic pressure might
causea problem. A particularbuilding might onlybenefit from closures when flood
levels are three feet or less above the first floor.

•
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Inundation Reduction Benefits for NonstructuralMeasures

4.2.3 Permanent Relocation
Permanent relocation is the complete evacuation of existing activities to locations
not susceptible to flood damage. Relocation may consist of:

» Physical movement of structures to new locations.

» Demolition of structures at flood-prone locations and construction of new
buildings at different locations; or demolition of structures and provision
of funds for purchase of new buildings.

In all three cases, the Surface Transportation and Uniform Relocation Assistance
Act of 1981 (Public Law 100-17) requires that the agencies implementing the
relocation provide funds for moving and resettlement to displaced residents.

Relocation has often been combined with other measures, particularly reservoirs
and levees. Traditionally, relocation has served to facilitate other measures by
clearing land for construction. Only in recent years has relocation been considered
a damage reduction feature in its own right.

Permanent relocation consists of:

» Purchase of all buildings and associated land within designated reaches
and flood zones.

» Relocation assistance in the form of direct grants to individuals for their
resettlement costs.

» Regulation of new uses for flood-prone property.

Relocation projects, like other nonstructural measures, generally have a negligible
effect on the elevation-discharge relationship. However, there can be a significant
drop in elevation on small streams for high levels ofdischarge when structures are
removed from the floodway and the flow is unrestricted. .

In a 1985 review, the Corps of Engineers found permanent relocation has had
limited use as the primary project component. It has been most successful when
combined with other mitigation measures, and for areas with severe and repeated
flood damage, within the 25-year floodplain (Moser, 1985).

Relocation is the only measure where the residual damages for the affected activity
can be assumed to be zero for all levels of flooding.

Benefits from permanent relocation can be classified into five categories:

1) Value for the new use of the vacated land.

2) Reduction in damage to public property, such as roads and utilities.

3) Reduction in emergency costs.

•
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4) Reduction in the administrative costs of disaster relief.

S) Reduction in the flood insurance subsidy.

Thefirst categoryrepresents the locationbenefit. Theotherfour categoriesrepresent
benefits from the reduction in the publicly-borne costs of flooding.

There isno benefit taken for reduction inprivateflood damagebecauseit isassumed
that expected flood losses are, for the most part, reflected in lower property values.
Because the reduced property values lower the costs of relocation, it would be
double-counting to also consider the costs of the physical damages.

The location benefit is critical to the economic justification ofa relocation project. It
is unlikely that a relocation project can be justified if the evacuated property does
not have considerable value in its new use. The location benefit is measured by the
value ofthe floodplain in its newuse. Unlike locationbenefits forstructuralprojects,
the value of the property in its old use is not subtracted because that value has
already been considered in the purchase price of the relocated property.

The location benefits for agricultural or other income-producing activities can be
determined by estimating the net income of the projected activity. An example of
the net income approach to location benefits is given in the section on location
benefit later in this chapter. Location benefits canalso bedetermined by thehedonic
price and contingent value approaches illustrated below.

The hedonic price procedure measures the internalized value of nonmarketable
attributes. An example of this approach would be determining the value of open
space land by comparing the market value of adjacent property to comparable
property without the open space land nearby. The difficulty with this approach is
finding "comparable" property with buildings and lots of similar size, condition,
accessibility, character, and availability ofcommunity services.

The publicdamage reduction considered in the calculation ofpermanent relocation·
benefits includes reduction in damages to streets, sewers, water supply lines,
lighting, electrical transmission lines, gas lines, and public vehicles. Care should be
taken to consider any residual costs to transportation facilities and utilities that
would remain to serviceareas outside the floodplain oranynew activity that moves
in as a result of the relocation.

Emergency flood costs, including the administrative costs of disaster relief, can be
measured by the procedures described in Chapter 3. Permanent relocation would
have the following implications to the emergencycosts listed in Chapter3: it can be
assumed that flood forecasting costs could not be substantially reduced, because
they are generally applied to a much larger area than would be affected by a
relocation. Warning, temporary evacuation, flood fighting, reoccupation costs, and
administrative costs of disaster relief could be virtually eliminated, depending on
the new use of the evacuatedfloodplain. The magnitude ofemergency costs should
be estimated for various land uses and frequencies of flooding. The benefit will be
the difference in expected costs with and without the relocation project. •
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Unlike structural projects, permanentrelocation is concerned with the reduction in
the flood insurance subsidy,ratherthart just the elimination of the administrative
costs of flood insurance. This subsidy, like the emergency costs mentioned above,
will cause distortions in the market value of land. The market value is distorted
upward because the subsidies reduce the out-of-pocketcosts to the landownersand
renters.

The flood insurance subsidy is determined by deducting the average annual in­
surance premium from the average annual expected insured loss and the ad­
ministrative costs of flood insurance. The insured loss assumes coverage of all
physical costs includingdamage to the building structure, damage to contents, and
cleanup of the structure and contents. Itexcludes damages to certaincontents, such
as paintingsorantiques, damage to outsideproperty, andrequiresa $500deductible
per loss for structure and contents. Table 4-4 is an example of the flood. insurance
subsidy benefit for a single residence.

An additional subsidy which can distort the value of floodplain property is the tax
savings from casualty claims on Federal and state income tax forms for individual
taxpayers. The magnitude of the casualty deduction is limited to uninsured and
otherwise uncompensated losses. Only the portion of uncompensated loss that
exceeds 10 percent of the taxpayer's adjusted gross income is deductible. Even
insured propertieswillstillhaveuninsured losses ondeductiblesand types oflosses
excluded from coverage.

•

•

•

•
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Table 4-4
Flood Insurance SUbsidy Calculation

Item

House Value
Contents Value
Agency Cost

Average Annual Damages
Agent Fee (15% of the premium)
Other Administrative Costs

Total
Policy Holder's Cost

Annual Insurance Premium ($0.40/$100 of structure
value and $0.50/$100 of contents)

Annual Uninsured Damage
Annual Expected Deductible

Total
Average Annual Flood Insurance Subsidy

Amount ($)

$15,000
8,000

1,450
15
20

$ 1,485

100

150
300

$ 550
$ 935
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4.3 Other Benefits

While inundation reduction benefits have constituted the great majority of
economic justifications for flood projects, they do not measure the total economic
gain for flood loss reduction. Location and intensification benefits represent in­
creases in economic welfare because reduction in flood risk allows for higher
economic use of the property. These benefit categories are described below. Also
described are benefits for advanced bridge replacements that extend the life and
improve conditions of stream and river crossings. Finally, this chapter describes
negative benefits, which result from damages induced by flood control structures
to neighboring properties.

4.3.1 Location Benefits
Location benefits occur when a reduction in the level of flood risk makes it profitable
for new activities to locate in the floodplain. Location benefits are determined by the
increase in net income or property values brought on by the new use.

4.3.1.1 Criteria for location Benefits: There are four criteria that must be met before
location benefits can occur. These include:

1) The land must become relatively flood-free. At a minimum, there must be less
than a one percent chance of a flood occurring in any year.

2) The land must go to higher economic use than it would without the project.

3) The land must have a location advantage over alternative sites. Physical, aes­
thetic, infrastructural attributes of the floodplain sight must be significant
enough to allow considerable location advantages over alternative flood-free
locations. This location advantage must be significant enough to allow an
increase in net profit over and above alternative sites and beyond any expected
residual flood damage. This criterion can be put to a test, which is illustrated by
the example given in Table 4-5.

Table 4-5
Test for Applicability of location Beneftts

Present Value at Year 0

Economic rente
Expected loss, wlo ftood protection
Expected loss, with protection
Location decision without ftood protection

FJoodplalnSite

$10,000
$5,000
$1,000

Non-FJoodplain
Site

$6,000
o
o

76

($10,000 -$5,000) < $6,000
The activity will select the ftood-free site.

Location decision with ftood protection
($10,000· $1,000) >$6,000
The activity will select the ftoodplain site.

*Economic rent is defined here as the net income of the activity occupying the land.
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Other Benefits

Since economic rent minus expected flood loss is less than the economic rent for
the non-floodplatil· site without project, but greater with protection than the
economic rent of the non-floodplain site, the project canbeassumed to meet the
location advantage criterion for location benefits.

4) Finally, there must be a sufficient demand within the affected area to support
the development of the new activity. This can be determfued by the economic
base study and land use allocation process described in Chapter 3.

Location benefits build on the procedures described previously for the calculation
of future conditions without-project. Before location benefits can be calculated, it is
necessary to determine the spatial requirements for various land uses, based on
demographic and economic projections. For many studies, it is assumed that land
use requirements will be the same with and without the project. However, the
distribution of activities may change, depending on the extent and location offlood
protection. For example, portions of projected requirements for 1,000 additional
acres of industrial land use can be allocated to newly protected floodplains, if that
area has a location advantage over alternative flood-free sites.

The following three sections outline three primary measures for location benefits:
net income differences, threshold levels, and changes in market values. These three
methods do not necessarily lead to the same results. At least two of the procedures
canbeapplied to help determinewhich procedure is the most appropriate. Justifica­
tion should be made in each case as to why a particular method was selected.

4.3.1.2 Net Income Difference
The net income difference approach is the most direct procedure for measuring the
location advantage of any site. It is the approach that most explicitly follows the
prescribed definition of location benefits. It· is crucial that advantages of the
floodplain versus alternative sites be quantifiable. It is also necessary to be able to
identify the change in net income for the displaced activity. Calculation of net
income differences consists of the following six steps:

1) Calculate the net income of the new activity for the floodplain siteand subtract the
net income at the alternative location. The costs of land and residual flood damage
are excluded in calculation of net income for the floodplain site at this point.

2) Calculate the net income for the displaced activity (where costs exclude
economic rent and residual flood damage) and subtract the net income at the
alternative site.

3) Subtract the loss in net income of the displaced activity (Step 2) from the net
tilcome of the new activity (Step 1).

4) Subtract the exPected annual damages to the new activity without project from
the increase in net income determfued til Step 3.

5) The without-project damages to the displaced activity should be added to the
total benefit. •
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6) Any external flood damage caused by the new activity should bededucted from
any increase in net income (See induced flood damages, later in this chapter).

Table 4-6 is an example of the net income method.

4.3.1.3 Threshold Method
The threshold level is defined by the amount of flood protection that would be
required for a change in activity to exist between the floodplain location and the
alternative flood-free location. When the threshold level has been identified, the
benefit can be determined by estimating what damage reduction there would be for
the new activity overand above the threshold level. Any benefits from reduction in
damages to the displaced activity must be subtracted if it has already been con­
sidered under inundation reduction benefits.

Assume that there are two industries that would find a location advantage to a
floodplain site if expected flood damages were reduced below a threshold. Table
4-7 shows the firm's net income at the floodplain and alternative site, the expected
flood damage without flood protection, and threshold level of protection necessary
to induce a floodplain location. Figure 4-6 shows how Industry 1 is indifferent to
the floodplain location at Tl at the 2 percent or 5O-year flood level, and likely to
choose the floodplain location for anything above that level of protection. Industry
2 is indifferent at point T2, the 2Q-year or 0.05 percent flood level.

The benefit under threshold level is equal to what the expected damage for the new
activity would be if it was located in the floodplain without the project, minus the
expected residualdamages with the project. To avoid doublecounting, the expected
annual damage for the displaced activity should not be counted as a benefit.

Table 4-6
Example: Net Income Method

78

Present Value of Average
ArnI8Ilncome New ActIvity, $

Net Income Aoodplain Site 550,000
Net Income at Alternative Site 390,000
Expected damages w/o project 150,000
Expected damages with project 10,000

Step One: 550,000 - 390,000 = $160,000
Step Two: 400,000 - 370,000 = $ 30,000
Step Three: 160,000 - 30,000 = $130,000
Step Four: 130,000 - 10,000 = $120,000
Step Five: 120,000 + 40,000 = $160,000
Step Six: No signiflCaf1t induced damages.

Total Location Benefits $160,000

Displaced
ActIvlty,$

400,000
370,000
40,000
7,000

August 1990
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Table 4-7
Threshold for location DecIsIonS

Industry 1 Industry 2

Floodplain Site Flood-free Site floodplain Site Flood-treeSite
Net Income Minus Expected Rood Loss $47,500 $50,000 $49,200 $50,000
Threshold Level for Residual Rood Loss $2,500 $800
Expected Annual Flood Loss Reduction $6,000 0 $5,000 0
Threshold Level of Protection 0.02 or 50-Yiar flood 0.002 or 5OO-year flood
Expected Annual Location Benefits $3,500 $4,200 'I

5.000fllllll;::O---------------------------,

•

•

• No
Protection

0.05 0.04
1z

0.02
11

Design Flood Protection

0.01 0.01

•

•

•

. figure 4-6
Threshold Method for Campudng Locadon BenefIts

4.3.1A Market Value of Land
The market value ofland is the simplest of the threemethods in theory and the most
difficult to practice. Themarketvaluemethodassumes that thevalue oftheproperty
will increase by an amount equivalent to the increased net income. There are many
factors that can iri.fluence changes in property value, including perceptions of the
level of residual flood risk. The change in market value is difficult, atbest, to project
but it is also necessary to segregate the individual factors that contribute to changes
in property values, It is therefore recommended that the market value approach be
limited to a verification of the other techniques. •
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4.3.15 LImitation on location Benefits
The limit on the amount of location benefits is the expected damages that the new
activity would have for without-project conditions. This limitation is a corollary to.
thesecondcriteria listedinSection4.3.1.1-thatthelandmust go to highereconomic
use than it would without the project. The rationale is that the flood protection will
not account for a change in land use productivity beyond the reduction in expected
flood losses.

4.3.2 Intensification Benefits
Intensification benefits are increases in net income where land use or type of
economic activity does not change under with-project conditions.

These benefits have most often been applied to agricultural areas, realized through
increased net income from crop production. This benefit category has had limited
application to urban land uses.

Intensification benefits can be substantiated when there is evidence that business
or agricultural operations have been considerably scaled back from what they
would be with flood protection. They apply to business activities where there is an
increase in net income due to a change in the method of operation. Intensification
benefits will occur when a reduction in flood threat is significant enough to allow
additional investment in labor or capital.

Intensification benefits can theoretically apply to residential property. However,
increases in net income or market value over the cost of intensification would
generally be small and difficult to verify. The benefit is equal to the increased net
income from the intensification of the operation at the floodplain site, minus any
increases in residual flood damages over what there would be if the intensification
did not occur.

Thesame threemethodologiesusedinevaluatinglocationbenefits-thenet income,
threshold, and market value approaches-are applicable to calculating intensifica...·
tion benefits. The specific procedures are somewhat Simplified because there is no
need to consider displaced activities.

The intensification benefit for each enterprise under the net income approach is
given by the following formula:

B = (1 - Ci) - (Fi - Fp)

where

80

B =
1 =
Ci =
Fi =

the intensification benefit

the gross income of the intensified operation

the annualized cost of the intensification

the annual expected costs of flooding to the intensified operation, •

August 1990



• Other Benefits

Intensification benefits under the market value method would be the increase in
market value for the intensified operation, minus the annualized cost of the inten­
sification.

=Fp the annual expected costs of flooding under
pr~intensificationconditions

Under the threshold method, it is necessary to know the extent of flood protection
needed to induce the intensification. As with location benefits, the benefit is simply the
average annual expected flood damage avoided to the intensified activity over and
above the threshold level of damage reduction necessary to induce intensification.

•

•

•
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4.3.3 Advanced Bridge Replacement Benefits
If a railroad, highway, street, or pedestrian bridge is replaced as a result of a flood
control project, a benefit can be claimed to at least partially offset the cost of the
bridge replacement. Advanced bridge replacementbenefits are taken for the period
that the usefu11ife of the bridge is extended by the project.

4.3.4 Affluence Benefits
Affluence benefits are an inundation reduction benefit based on an increase in
residential content value that coincides with an increase in residential income. The
basis for the affluence factor was described earlier in this procedure. Table 4.8 gives
sample calculations for Affluence Benefits.

•
Table 4-8

Example Calculation of Affluence Benefits

•

•

Average Home in Aoodplain
Structure Value
Contents Value

Average Annual Benefits, Existing Conditions
Structure
Contents

Number of homes protected by project
Per capita income growth rate
Current year (existing conditions)
Base year
Interest

Project Ute

$40,000
$20,000

$500 per house
$200 per house
1,000
2percent
1980
1990

8
1
/8%

100 years

•

•

eatculate benefits for protecting projected increase in content value:
Contents now are valued at 50 percent of structural value. They can increase to 75 percent a
50 percent increase. Benefits can increase at the same rate: $200 to $300. The annual in­
crease in benefitslhouse =2percent x$200 to $300. There is $100 increase at $4 per year =
25 years to reach the 75 percent limit There is no discounting to the base year, which is 10
years off. Until then, there is a$4 per year increase, for atotal of $40. The total benefit will be
the $40 +the present value of the benefits realized after the base year. This is computed by
multiplying the remaining $60 by apresent worth factor of (0.61215), which =$37. The average
benefit per house is $40 +$37 =Sn, multiplied by 1,000 rouses =sn,ooo. •
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4.3.5 Negative Benefits: Induced Flood Damages
Induced flood damages can occur as the result of a levee or floodwall constricting
a river channel and causing an increase in river or stream elevations for various
frequencies of flooding. Channel enlargement projects can also induce flood
damages to downstream locales by raising flood levels and increasing flood
velocity. It should be noted that only large levee, floodwall, and channel projects
have any appreciable influence on surrounding locations. However, when
hydraulic engineers are able to determine a significant increase in flood elevation,
induced damages should be calculated and treated as negative benefits.
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Discounting Procedures

The following text is incorporated from the Corps ofEngineers' discounting proce­
dures for economicanalysis offlood control projects (National Economic Development
Procedures Manual-Urban Flood Damage, COE, Chapter XI, 1988).

This chapter describes the procedure in a general way, giving users a sense of the
concepts required for discounting, and gives specific instructioll5 for performing
each step. The interest and discount rates for economic evaluation may vary by
project, by year, and by the other agencies that may be involved in the project. The
rate established for use on District projects is 3 percent. The Project Manager may
not change the rate to be used without input from the economist nor without the
approval of the Chief Engineer and General Manager.

5.1 Introduction

Corps of Engineer water resource development projects typically involve many
alternatives; require severalyears to planand install; andprovide benefits and incur
operation, maintenance and replacement (OM&R) and sometimes deferred instal­
lation costs for many years after implementation. They typically incur the greater
proportion of their costs early, during the construction (or installation) phase.
Benefits then accrue over an extended project life, often increasing ovedime.

Recognizing that a dollar in hand is not worth the same as a dollar I, 10, or25 years
hence, the problem confronting the water resource development analyst is to
convertunevenly distributedcostandbenefitstreams to comparablemeasures. The
concept of "equivalence," that is, that payments that differ in total magnitude but
that are made at different dates may be equivalent to one another, enables such
comparisons to be made. (Throughout the following discussion, the word payment
is used in a generic sense and could be replaced by either "benefit" or "cost."
Discounting and compound interest procedures provide the analyst with the tools
needed to make these comparisons. The purpose, of this chapter is to describe and
illustrate, with examples, some of the important concepts and procedures needed
to compare costs and benefits over time.

A typical"evaluation setting" for a Corps water resources development project is
depicted in Figure 5-1. Some of the important principles and terms associated with
this setting are described below. •
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introduction

The study year is the year the current study (evaluation) will be completed. As a
study proceeds through the planning process, the study year will move to the right
on the"time line depicted. in Figure 5-1. Existing conditions are the measures of
economic factors and water and related. land resources, existing at the time of the
study (normally referenced to the end of the study year). These conditions serve as
the bases for future projections under both with- and without-project conditions.
Since benefits and costs must be expressed in constant dollars, the conditions at the
time of the study also determine the price level to be used in the analysis.

The beginning ofconstruction is the year in which construction begins, while the base
year is the first year in which the project is expected to become operational. For the
purposes of this discussion, the period of analysis is defined as the time horizon,
beginning with the base year, for which project benefits and deferred installation
and OM&R costs are considered. For most Corps' studies, the period of analysis is
either 50 or 100 years. When comparing alternatives, the same base year and period
of analysis should be used for all plans being evaluated.

The expected annual benefits and costs, often referred to as benefit and cost streams in a
benefit-cost analysis, are the estimates of the annual benefits and costs that are
expected to occurduring the constructionperiodand project life. Generally,benefits
are only anticipated after plan implementation, but for some projects benefits can
also occur during the construction period. The analytical problem is to convert the
varyingbenefitand cost streams to their equivalentandcomparableaverage annual
measures over a common time period, that is the period of analysis.

An intermediate step is required to convert the benefit and cost streams to
equivalent average annual measures; the present worth of the streams must first be
determined. The present worth for each stream is the single value, in the base year,
that is equivalent to the many payments that would accrue from that stream.
Discounting is the procedure used to reduce future values, those occurring during
the project life, to their present worth in the base year. Compound interest procedures
are used to determine the present worth of benefits accrued and interest on con­
structionincurred during the construction period, prior to the base year.'!'As.will be
illustrated in the examples that follow, the present worth value of the entire benefit
or cost stream is dependent on the magnitude, number, and timing of individual
payments as well as the appropriate discount and interest rate used in the analysis.

The average annual equivalent benefit, generally termed the average annual benefit, is
then defined as the amortized value over the period of analysis of the present worth
(in the base year) of the benefit stream. The average annual or amortized value,
therefore, is a constant amount of benefit, occurring each year during the period of
analysis. This constant stream of benefits is equivalent to the present worth in the
base year of the entire benefit stream. Obviously, the constant stream of average
annual values is also equivalent to the benefit stream itself. Averageannual equivalent
costs are similarly defined.

.. In some texts, present worth refers only to discounted future payments, while
present value refers to the equivalent value-in the base year-of payments
received prior to the base year. For the purposes of this manual, present worth and
present value will be used interchangeably. •
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5.2 Interest and Discount Rates

As noted above, the interest and discount rate used is important for determining
the magnitude of the present worth and average annual value ofa particular benefit
or cost stream. In business, interest is usually defined as the charge for the use of
money. In more general terms, it is considered the return obtainable from the
investment of capital. The interest rate is the ratio of gain received to amount
invested, orthe amountpaid to amountborrowed. Somewhatsimilarly, the discount
rate is the ratio between the value ofa future payment and its present worth at some
specified time (the base year in water resource development studies). Since interest
and discount rates are critical to the analysis, a decision must be made as to the
appropriate .rates to be used.

Starting in 1969, the discount rate for water resource development studies has been
based on the average yield, during the preceding fiscal year, of marketable United
States securities, which, at the time of computation, have 15 years or more to
maturity. A policy decision was made by the Water Resources Council (WRC) that
the discount rate for Fiscal Year (FY) 1969 would be 4 %percent, and that the rate
should neither be raised nor lowered more than 114 of 1 percent in any year. This
WRC rule was enacted into law in 1974. The Federal discount rate to be used in
Corps' studies is distributed annually by the Office, Chief of Engineers in the Fiscal
Year Reference Handbook. In FY 1987, the discount rate was 8~ percent. The Federal
discount rate is also to be used for calculating interest during the construction period.

5.3 Interest Rate Formulas

Some examples will be presented later to illustrate the discounting concepts
described above. The basic interest rate formulas most frequently used in benefit­
cost analysis are first presented. The derivation of these formulas is described in
most engineering economy and business finance textbooks, such as Principles of
Engineering Economy (Grant,lreson, and Leavenworth, 1982).

5.3.1 Symbols
The symbols used in these formulas are:

86
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n

P

F

A

=

=
=
=

=

interest or discount rate for a given interest period, usually
a year.

number of interest periods.

present worth of a sum of money.

a sum of money at the end of n periods from the present­
worth date that is equivalent to P with interest i.

the end-of-period payment or receipt in a uniform series
continuing for the coming n periods, the entire series
equivalent to P at interest rate i.
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5.3.2 Formulas
The compound interest formulas most commonly used in benefit-cost analysis are:

•

•

•

Given P, to find F:

Given F, to find P:

Given P, to find A:

Given A, to find P:

F =p (1 +t)n

P =F 1
(1 +t)n

A =P i(1 +tt
(1 +t)n_ 1

P = A (1 + t)n -1
i(1 +t)n

(1)

(2)

(3)

(4)

•

•

•

•

•

•

The interest portions of the above formulas, e.g., (1 + on in Equation 1, are often
called interest factors. Values for these factors for various interest rates and time
periods are provided in Interest Factor Tables in most engineering economy and
businessfinance textbooks. Inaddition, theCorpsannuallycomputesandpublishes
the values for these factors, based on the current Federaldiscount rate, in its Fiscal
Year Reference Handbook. With the advent of micro-computers, and eSpecially the
accompanying spreadsheet software, these formulas can also be readily incor­
porated into analytical packages, minimizing the re-analysis effort required when
interest rates change. In fact, most of the larger, computerized flood damage
programsused onmainframecomputershavehad theseformulas incorporatedinto
their analytical package for some time. Following is a brief description of the
formulas and associated factors. Subsequent examples will illustrate their applica­
tion in benefit-cost analysis.

5.3.2.1 Single Payment, COmpound Amount Factor (equation 1): This is the amount
that willaccumulatewhen$1.00 is investedat compoundinterest for a givenperiod
of time and the interest is not withdrawn. The single payment, compourid amount,
interest factor at 8 percent is (1 + 0.08)1, or 1.08, for one year; (1 + 0.08)2, or 1.17, for
two years; and so forth. Similarly, the compound amount of $1 in one year at 8
percent interest is $1.08, in two years $1.17, and so forth.

5.3.2.2 Single Payment, Present Worth Factor (equation 2): This is the amount that
must be invested at the beginning of the period of analysis to have a value of 1 in a
givenlength of time and at a given interest rate. For example, the interest on $92,593
at 8 percent for one year is $7,407, and the interest and principal one year hence is
$100,000. The present value of $100,000 received 1 year hence at 8 percent is,
therefore, $92,593 and the single payment present worth factor is 0.92593.

5.3.2.3 CspltalRecovery Factor (equation 3): The pay back of a financial obligation
(both principal and interest) in equal installments is called amortization. The
amortization factor is also referred to as the partial payment, the annualizing, and, .
most frequently, the capital recovery factor. It is the amount of the installment
required to retire a debt of $1 in a given length of time. The product of the capital •
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Example 1

Amount of payment at base year (present = $1,000
worth)

Interest rate = 8percent
Number of years in period of analysis = 50
Compound interest formula used = 3

(equation #)

Averaae annual value =1,000 x0.08174* = $82
*The value 0.08174 is derived either by solving the ap-

propriate portion of Equation 3with the applicable inter-
est rate and time period (8 percent and 50 years in this
example) or by referring to Compound Interest Factor
tables as noted above.

Discounting Procedures

recovery factor and the present worth of a benefit (or cost) stream is the average
annual (equivalent) value of that stream.

5.3.2.4 Present Worth of Annuity (Equation 4): The present value of an annuity factor
is the reciprocal of the capital recovery factor. It is a measure of the present worth
of annual payments of $1 over a specified period of time. Since the present worth
of the annuity is the reciprocal of the capital recovery factor, their product must
always equal one.

5.3.3 End-of-Accounting Interval Convention
Before presenting specific examples, one additional concept needs to be discussed.
The end-of-accounting interval convention is typically used in discounting studies.
That is, all payments that occur throughout an accounting interval (most typically
a year, but other intervals such as months or quarters can also be used) are treated
as if they occur at the end of that accounting interval. This convention greatly
simplifies the application of discounting conversions and, usually, does not intro­
duce significant error.

5.4 Examples

5.4.1 Single Values
Thesimplest ofcasesiswhere there is a singlepaymentfor which theaverageannual
value is to be determined. Remember, for Corps benefit-cost studies, the objective
is to compute theaverage annualvalue, over the periodofanalysis, for allpayments.
To do this, it is necessary to first convert all prior (during the construction period)
and future (during the project life) payments to their present worth values at the
beginning of the base year, and then convert the sum of present worth values to
average annual values.

If, in the single value example, the payment occurred at the end of the year
immediately preceding the base year, the value of the payment would be the same
as its present worth. [The base year, the first year following implementation ala
plan, is year one in the period of analysis. With the end-of-year convention,
payments occurring during the
base year would have to be dis­
counted one year to determine
their present worth value. Pay­
ments at the end of the year im­
mediately preceding the base
yeararepresentworth values.] It
would then only be necessary to
convert the present worth, P, to
an average annual value, A, for a
specified interest rate, i, and
number of years (period of
analysis),n. Equation3, above, is
used for this conversion. The
compound interest factor that
results from solving the interest

•
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Example 2

Amount of payment .. $1,000
Interest rate .. 8percent
Number of years between prior payment .. 3

and base year
Compound interest formula .. 1
Present worth .. 1,000 x 1.2597 .. $1,260
Number of years in period of analysis .. 50
Compound interest fonnula .. 3

Average annual value .. 1,260 x0.08174 .. $103

•

•

•

•

Examples

portion of this equati9n foraparticqlar interest rate and time period is commonly
referred to as the capital recovery factor. It indicates the amount of annual return
required (for the particular interest rate and time period) to "recover" the value of
the investment made. See Example 1.

Next, consider the situation
where thesingle payment occurs
prior to the base year, (i.e.,
during the construction period).
The present worth of this pay­
ment first needs to be computed,
before thecapital recovery factor
can be used to determine the
average annual value. Equation
1 canbeused for this conversion,
althOUgh a slight change in the
terminology is required. In this
situation, the future value (F)
beingsolved for is actually the present worth value, since the timing of the payment
occurs before the base year. Likewise, the value of the payment is used as the value
of P when solving the equation. This situation is illustrated in Example 2.

Example 3 In the final single value case, con-

Amount of ent $1,000 sider the situation where the..
single payment occurs after the• Interest rate .. 8percent base year, during the period of

Number of years between base year and .. 25 analysis. The first step is to dis-
yment count F to P in the base year.

Com unci interest formula .. 2 Equation 2 is used for this first
Present worth value .. 1,000 x0.1460 .. $146 step, and then, once again, Equa-

• Number of in riod of 's .. 50 tion 3 is used to derive the
Com und interest formula .. 3 average annual valu~. from the
Ave annual value .. 146 x0.08174 .. $12 present worth <Example 3).

•

•

•

5.4.2 Effect of TIming of Payment and Interest Rate Used
Theabove threeexamples not only illustrate the basic discounting principles under
the simplest of scenarios, but also the effect of one of the important variables, that
is the timing of the payment. In all three examples the number (1) and amount
($1,000) of the payment are the same, as well as the interest rate (8 percent) and
length of the period of analysis (50 years). The only variable changed is the timing
of the payment relatiye to the base year, yet the results are three substantially
different average annual values. Thus, in the scenario presented above, the average
annual equivalent value of a $1,000 payment three years prior to, at the beginning
of, and 25 years after the base year is $103, $82, and $12, respectively.

Similarly, the effect of the discount rate used can also significantlyaffect the results.
For example, the following tabulation shows the results of the first three examples
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when using discount rates of 4, 8, and 12 percent, and a 50 year period of analysis.
That is, the present worth and average annual values for a single $1,000 payment
received3 yearsprior to, at thebeginning,and25 years after the base year areshown
for each of the three discount rates. As can be seen from this tabulation, the higher·
thediscount rate, the lowerthediscounted value (present worth) offuturepayments.

Present WOrth Value, $ Average Annual Value, $

Timing Of Payment 4% 8% 12% 4% 8% 12%

3years before base
Base year
25 years after base

1,125 1,260 1,405
1.000 1,000 1,000

375 146 59

52 103 169
47 82 120
17 12 7

Example 4

Unifonn annual value = $20,000
Interest rate = 8 percent
Period of analysis = so years
Compound interest fonnula = 4
Present worth =20,000 x12.233 = $244,700
Compound interest fonnula = 3
Average amual value =244,700 x0.08174 = $20,000

5A.3 Straight Line Growth
Before addressing straight line growth, it is important to first discuss constant,
annual, and future values. (It is also important to remember that, in Corps of
Engineers economic analysis, benefit-cost ratios are determined form average an­
nual rather than present worth,
values.) It is widely understood
that if there is a constant stream
of annual value of, say, $20,000
for 50 years, the average annual
value is $20,000. There is nothing
magical about this, since this
result is consistent with dis­
counting and analyzing proce­
dures, as demonstrated in
Example 4.

Thus, the average annual value of a uniform stream of values of $20,000, is $20,000.
Although somewhat obvious, the above finding also illustrates an important con:­
sideration in discounting. That is, when the discount rate is the same as the interest
rate, (as for Federal water project analysis), the present worth (or discount) factor
for a series of uniform payments is the reciprocal of the capital recovery (or
analyzing or amortization) factor. Regardless of the interest rate, the product of
these factors is, therefore, one, and the uniform and average annual values are the
same. With this in mind, discounting of a future stream, including a straight-line
growth segment, will now be examined.

•
= $2,000

= 25 ears
= 8 rcent
= $20,000

= 50 ears

Example 5

Incremental increase in payments per year

Growth riod
Discount rate
Base ar ent

Period of sis

ThepaymentstreamoutlinedinExample5 is also depicted inFigure5-2 A payment
of $20,000 occurs in the base year (year 1). Payments increase by $2,000 per year
through the 25th year, when the
annual payment equals $68,000.
Payments then remain constantat
$68,000 peryear for the remaining
25 years of the period of analysis.
This linear growth period con­
forms to a gradient series, typical­
ly used in engineering economy
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,
I

studies (Grant, et al, 1982).'I'hat is,t\le series changes at the end of each accounting
intervalbysuccessivelyincreasingmultiples ofa fixed sum. The gradientseriesdoes
not begin until the end of the second accounting interval. H the gradient is g, the
amount of yearly increase is then: zero for the first year, g for the second, 2g for the
third, and (n-1)g for the nth.

One way to estimate the average annual value of this stream is to repeat the process
described for a single payment in Example 3 foran 50 payments. That is, thepresent
worth of each payment would first be determined by multiplying the payment by
the appropriate single payment present worth factor derived from Equation 2. The
sum of the present worth values for all 50 payments, multiplied by the capital
recovery factor derived from Equation 3, would then yield the average annual
value. This procedure can be readily accommodated by most microcomputer
spreadsheet programs and is incorporated into most computerized flood damage
programs with a discounting capability. It is, however, quite tedious and time-con­
suming when automated programsare not available. Severalshort-cutmethods are
available, one of which relies on the gradient series present worth factor, given g to
find P (Equation 5).

•

•

•

•
[

1 n( i )~P-g ---
- i i (1 + On - 1 [

(l+zt- 1]
i(l + i)n

(5)

•
When using the gradient series factor, the payment stream depicted in Figure 5-2 is
analyzed in twosegments.SegmentI represents theconstant portionofthe payment

segment II

•

•

•
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ExampJe6

Period of analysis = 50 years
Discount rate = 8percent
Incremental increases in payments per year

Years 2-10 = $2,000
Years 11- 25 = $1,000

Discounting Procedures

stream. As illustrated in Example 4 above, the average annual value of a constant
payment stream is the annual amount of that stream, or $20,000 in this example.

The second segment contains two parts: a gradient series increase (Segment llA),
and a constant payment stream (Segment fiB). To find the present worth (in thebase
year) of Segment HA, the gradient amount ($2,000), is multiplied by the present
worth of a gradient series factor for 25 years at 8 percent (87.50 derived form
Equation 5), or $2,000 x 87.50 =$175,600. It requires two steps to determine the
present worth (in the base year) ofSegment fiB. The amount of the paymentstream
($68,000 - $20,000, or $48,000) is first multiplied by the present worth factor of an
annuity for 25 years at 8 percent (10.675 from Equation 4). This yields the present
worth of the payment stream ($512,400 in this example) at the beginning of year 26
(or the end of year 25). This value is then multiplied by the single payment present
worth factor for 25 years, (0.1460 from Equation 2), to determine the present worth
value in the base year ($74,810). The sum of the present worth values of Segment
llA and Segment fiB ($175,600 +$74,810), is then multiplied by the capital recovery
factor (0.08174 from Equation3), to determine theaverageannual value-or$20,470
(rounded) for the 50-year period of analysis.

The sum of the average annual values from Segments I ($20,000) and HA & B
($20,470) is the average annual value for the entire payment stream, or $40,470.

5.4.4 Straight Line Growth with Multiple Rates
In the above example, there was only one growth rate throughout the entire growth
period, that is the constant annual increase of $2,000 over the first 25 years. More
often than not, in an actual plan­
ning study, the rate of growth
may change, often between
decades, during the growth
period.Theabove procedurecan
still be used; however, some ad­
ditional analysis is necessary.
For example, consider the situa­
tion depicted in Figure 5-3 and
described in Example 6.

Using the gradient series approach, the average annual value for each of the three
segments of the payment stream depicted in Figure 5-3 are computed and then
summed, to estimate the average annual value for the entire stream. The computa­
tional process is as follows.

5.4.4.1 segment I: The derivation of the average annual value for Segment I is
identical to that used in Example 5. That is, the average annual value of a constant
payment stream of $20,000 per year throughout the period of analysis is $20,000.

5.4.4.2 segment IIA &B: The present worth (in the base year) for Segment llA is
$51,960, determined by multiplying the gradient ($2,000) by the present worth
gradient series factor for 8 percent and 10 years (25.98 from Equation 5). Segment
lIB represents a constant payment stream of40 years (years 11 through 50). Remem­
bering the end-of-accounting interval convention, the amount of this payment

•
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stream is $19,000; that is, the end-of-year 11 payment less the constant payment of
Segment I ($39,000 - $20,000). The present worth (in the base year) of Segment liB
is then the constant payment, multiplied by the present worth of an annuity for 40
years from Equation 4, multiplied by the single payment present worth factor for
10 years from Equation 2, or$19,000 x 11.925 x0.4632 =$104,950. Thesum ofpresent
values ofSegment ITA ($51,960) and Segment lIB ($104,950) or $156,910, multiplied
by the capital recovery factor (0.08174 from Equation 3) yields the average annual
value of $12,826 for the combined Segment IIA & B. '.

5.4.4.3 segment IliA &B: The average annual value for Segment ilIA & B is deter­
mined somewhat as for Segment II A & B. The present worth (in the base year) of
Segment ilIA is the amount of the gradient (now $1,000), multiplied by the present
worth of a gradient series factor for 15 years from Equation 5, multiplied by the
single payment present worth factor for 10 years from Equation 2, or $1,000 x 47.89
x 0.4632 =$22,183. The amount of the constant payment ofSegment IIIB is $14,000,
that is, the maximum annual payment ($53,000) less the sum of the constant
payments from Segment I ($20,000) and Segment lIB ($19,000). The present worth
(again, in the base year) of Segment IIIB is then the constant payment, multiplied
by the present worth of an annuity for 25 year (from Equation 4), multiplied by the
single present worth factor for 25 years (from Equation 2), or $14,000 x 10.675 x
0.1460 =$21,820.

The sum of the present values of Segment IlIA and Segment IIIB ($22,183 +$21,820
= $44,003), multiplied by the capital recovery factor for 50 years (0.08174 from
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Equation 3) yields the average annual value of $3,597 for the combined Segment
IIIA&B.

The average annual value for the entire payment stream is then the sum of the
average annualvalues from Segments I, ITA & B, and IlIA & B, or, approximately,
$20,000 + $12,826 + 3,597 =$36,400.

= 2 rcent
= $20,000

= 25

= 50 ears
= 8 roent

riod

Example 7

sis

Exponential Growth Rates
Formany projects, future benefit and cost streams areprojected to grow at exponen­
tial, rather than linear growth rates. As with linear growth projections, one method
for determining the average annual value ofa paymentstream with an exponential
growth component is to determine the present worth ofeachannual payment, sum
the present worth of all pay­
ments, and amortize the total.
An alternative procedure is
available when the growth rate
andperiod ofgrowthareknown.
Consider the payment stream
depicted in Figure 5-4 and sum­
marized in Example 7.

5.4.5

The total payment stream is divided into segments for estimating the average
annual value, somewhat similar to the linear growth examples described above. A
cumulative present worth (CPW) factor is used for estimating the average annual
value for the growth period (Segment I), while the basic compound interest for-
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mulas, described. at the beginning of this chapter, are used for the period where the
payment is constant (Segment ID.

•

•

5.4.5.1 segment I: The cumulative present worth factor is:

_ (1- (1 + k)-{n -l»/k ~+ 1
CPW - \! l' P+t

where:

(6)

CPW = cumulative present worth, or the summation of all
future discounted. values in the growth period

• k = «1 + i) /0 + j»-1

i = discount rate (8 percent in this example)

= growth rate (2 percent in this example)

=n number of years in the growth period (25 in this example)
Note: The gradient series concept is used again. The year
1 payment is $20,000. Payments then increase by 2 percent
a year, beginning with the/ear 2 payment. The payment in
year 25 is $20,000 x (1.02)2 .

Solving Equation 6 for the example conditions yields a CPW factor of 12.6741.
Multiplying this factor by the initial payment in the growth period yields the total
cumulative present worth (at the beginning of the period) of all payments for that
period. In this example, 126741 x $20,000, or $253,482 is the cumulative present
worth in the base year of all payments for the years 1 through 25. The capital
recovery factor, Equation 3, is then used. to convert the cumulative present worth
in the base year to an average annual value for the period of analysis: $253,482 x
0.08174 = $20,720.

•

•

•

•

•

•

5A.5.2 segment II: Segment II represents a constant annual payment over the
remainder of the period of analysis, Le., period of analysis less length of growth
period(s).1n this analysis, the constant payment is $32,200 and the remainder of the
period of analysis is 25 years. The average annual value for this segment is com­
puted. similarly to Segment III in Example 6, except that the first step isnot required.
Multiplying the constant payment ($32,200) by the present worth of an annuity
factor for 25 years (10.676 from Equation 4) yields the present worth of the segment
at theendofyear25 ($343,767). Multiplying this valuebythe singlepaymentpresent
worth factor for 25 years (0.1460 from Equation 2), yields the present worth in the
base year ($50,190). Finally, multiplying the present worth value by the capital
recovery factor for 50 years (0.08174 from Equation 3) yields the average annual
value ($4,102) for the period of analysis. .

Thesum ofthe average annual values from Segments IandII ($20,720 +$4,102) then
yields the average annual value for the entire payment stream, (approximately
$24,800 for this example).

•
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Note: For this, as well as previous examples, it is not necessary to separately
annualize the present value for each segment. The same result is obtained if the
separate present values for each segment are first summed, and then the sum
multiplied by the capital recovery factor.

ExampleS

Period of analysis = 50 years
Growth period = 25 years
Discount rate = 8percent
Base year payment = $20,000
Incremental decrease in payments per year = $2,000

5.4.6 Negative Growth
The three previous examples were all based on increasing future trends. There can,
of course, be declining trends. This topic will be addressed in less detail, however,
since these cases are the exception, and since much of the previous discussion on
growth curves still applies.

5.4.6.1 Negative Straight Line Growth: Example8is,basicallythe reverse ofthe situa­
tion depicted in Example 5. That is, an initial payment of $68,000 is received in the
baseyear. Payments thendecline
by $2,000 per year until year 25
when they equal $20,000, and
remain constant for the
remainder of the period of
analysis. This payment stream
is depicted in Figure 5-5 and
Example 8.

50

Payment Slream

40

Segment IIA

Segment I
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-- ---------------~--------------t

70

60

50

~c::: 40m
~
0.c:::
~ 30
E&

~ 20
~

i 10

0
Base
Year

Year

figure 5-5
Straight Une Negative Growth Payment Stream
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To compute the average annual value for the entire stream, estimates of the two
segments, I and II, are needed. As in Example 5, the estimate of Segment I is
straightforward, the average annual value of a constant stream of payments of
$20,000 is $20,000.

The approach to Segment II is less obvious, however, since this represents a
declining, rather than an increasing, payment stream. It can be seen, however, that
the sum of Segments II and ill equal a constant payment stream ($68,000 - $20,000
=$48,000, in this example) throughout the period of analysis. In addition, Segment
ill can be treated as an increasing growth segment, increasing by $2,000 per year,
from a payment of $0 in year 1 to $48,000 in year 25, and then remaining constant
for the remainder of the period of analysis. Although graphically Segment ill is an
upside down version of Segment IIA & B in Figure 5-2 (Example 4), its average
annual value is calculated exactly thesame, and is also equal to $20,470. The average
annual value ofSegment II in Example 8 is then $48,000 - $20,470 =$27,530, and the
total value of the payment stream is $47,530 ($20,000 from Segment I plus $27,530
from Segment m.
5.4.6.2 Negative Exponential Growth: To properly discount a trend that declines ex­
ponentially, it is first necessary to have an understanding of the derivation of a
negative growth rate. The equation used for this computation is:

• where

(1 - J) n - 1 = T / B (7)

T =
B =
j =• n =

•

•

•

terminal value of nth year value

base (year 1) value

growth rate

growth period in years (Note: Again the gradient series
concept is used; i.e., if there are n years in the growth
period, (n - 1) increments of growth will occur.)

With a growth period of 10 years and base and terminal values of 3,000 and 4,000,
respectively, the computation of j is as follows:

(1 - J)9 = 3,000/4,000 = 0.75

(1 - J) = (0.75)119 = 0.9685

j = 0.9865 - 1 = 0.0315

The annual rate ofdecline is 3.15 percent, or j =0.0315, in this example. The formula
for estimatingthe average annualvalue foran exponentialgrowth periodpresented
in Equation 6, can still be used when addressing negative exponential growth; the
negative growth rate is merely substituted for j, instead of a positive value.. •
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5.4.7 Some Special Cases
The plannerwill find itnecessary to do discounting in certain situations that can be
considered unique. These include benefits (or credits) for advanced bridge replace­
ment, major replacement costs, periodic maintenance, and operation and main­
tenance (O&M) costs. Again, techniques developed previously are applicable to
some of these cases, as discussed below.

5.4.7.1 Advanced Bridge Replacement: For many projects, relocations will result in
the replacement of existing bridge facilities. Often the expected life of the replace­
ment bridge will be greater than that of the existing structure, thereby extending
the.life of the bridge service being provided. Since the total cost of the new bridge
is included in the first cost of the project, a credit for this extension is needed on the
benefit side. A credit is also needed ifany reduction in O&Mcosts willoccurduring
the remaining life of the existing facility. Samplecomputations required to compute
these benefits are presented in the following example and described below. All the
interest factors used have been previously presented.

The first seven lines of Example 9 describe the basic conditions and values needed
for the analysis. The basis for the credit for the extension of the useful life is that the
replacement cost for the existing bridge will be deferred for 30 years. The annual
credit for years 21 through SO is assumed to be equal to the average annual value
(cost) ofthenew bridgeforeachofthoseyears. Thisannualvalue (line9) is estimated
by multiplying the cost of the new bridge (line 1) by the capital recovery factor (line
8). The credit is a constant annuity in years 21 through SO. Its present worth in year
20 (line 11) is the amount of the annual annuity (line 9) multiplied by the present

Example 9
sample Computation of BrIdge Replacement BenefIts

1. Cost of new bridge = $500,000
2. Ufe of new bridoe = 50 years
3. Aemainina useful life of existillQ bridQe = 20 years
4. Extension of bridae life (21 st through 50th year) = 30 years
5. Annual O&M of existina bridae = $5,000
6. Annual O&Mof new bridae = $2,000
7. Interest Rate = 8percent
8. GapitaI recovery factor (for 50 years) = 0.08174
9. AmuaI cost of new brictae = $500,000 x0.08174 = $40,900

10. Present worth of annuitY factor for 30 years = 11.258
11. Benefits in year 20, credited to brictae life extension = $40,900 x11.258 = $460,500
12. SillQle payment present worth factor for 20 years = 0.2145
13. Present worth in year 1of bridge extension = $460,500 x0.2145 = $98,800
14. Annual O&M savil'lQs (years 1-20) = $5,000 - $2,000 = $3,000
15. Present worth of annuity factor for 20 years = 9.818
16. Present worth in year 1of O&M savillQS = $3,000 x9.818 = $29,500
17. Present worth of total credit = $98,800 +$29,500 = $128,300
18. Average annual credit (benefit) = $128,300 x0.08174 = $10,500

•
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Example 10
sample Computation fOr Periodic expenditures

1. Ute of project = 50 years
2. Expenditure cycle = 10 years
3. Discount rate = 8percent
4. Periodic expenditure = $75,000
5. Present worth of 10th year value - single payment,

present worth for 10 years 0.4632 x$75,000 = .34,700
6. Present worth of 20th year value - single paymen~

present worth for 20 years 0.2145 x$75,000 = $16,100
7. Present worth of 30th year value - single payment,

present worth for 30 years 0.0994 x$75,000 = $7,500
8. Present worth of 40th year value • single payment,

present worth for 40 years 0.0460 x$75,000 = $3,500
9. Total present worth: (5) +(6) +(7) +(8) = $61,800

10. Average annual value -capital recovery factor for 50
years 0.08174 x$61,800 = $5,100

•

•

•

•

•

•

•

•

•

•

Examples

worth of an annuityfor 30 years (Uzte 10). The present worth in the base year (line
13), is then this value multiplied by the single payment present worth factor for 20
years (line 12).

The estimated annual savings in O&M costs expected during the remaining useful
life of the existing bridge are $3,000 (line 14). These annual savings would accrue
during thefirst 20 years, and their presentworth (line16) is theproductoftheannual
value and the present worth of an annuity for 20 years (line 15). The present worth
of the total credit (line 17) is the sum of the present worth of the bridge extension
credit (line 13) and annual O&M cost savings (line 16). The average annual value of
the credit (line 18), is the present worth value multiplied by the capital recovery
factor for 50 years (line 8).

5.4.7.2 Periodic Maintenance: Often project maintenance expenditures will occurat
periodic intervals, rather than uniformly every year. In the following example, the
project life is assumed to be 50 years with periodic maintenance expenditures of
$75,000 required every 10 years. Note that no expenditures are included beyond the
40th year since any additional expenditures would cover a period beyond the
project's life.

5.4.7.3 Major Replacement and Operation and Maintenance: If future replacement is a
single event, the procedure for discounting is the sameas that described in Example
3 for a single future payment. If the future replacement is recurring, the procedure
for discounting is
the same as
described for per­
iodic expendi­
tures (Example
10). Where opera­
tion and main­
tenance occurs
annually and the
value is constant,
as is usually the
case, the average
annual value is

. equal to the con­
stant O&M ex­
pense,aspresented
inExample4.

5.4.7.4 Interest During COnstruction: According to the Corps' Economic Considera­
tions (EP 1105-2-45, January 1982), interest during construction OOC) accounts for
the cost of capital incurred during the construction period. The cost of a project to
be amortized is the investment incurred up to the time that the project begins to
produce benefits, or the time when it is placed in operation. The investment cost at •
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that time is the sum of construction and other initial costs plus interest during
construction.

Costs incurred during the constroction period should be increased by adding
compound interest at the applicable project discount rate from the date the expen­
ditures are incurred to the beginning of the period of analysis (base year). Interest
on any additional expenditures incurred after the in-service date will be an operat­
ing expense. Example 11 is a sample calculation of IDC assuming uniform, end-of­
monthpayments.The process is similarwhenusingmore typical, irregularmonthly
payments (costs varying with the c.onstroction season or cycle), when using dif­
ferent accountingperiods (years rather than months), or whenassuming a different
timing of payments (costs being incurred at the middle, rather than the end of the
month).

The first four lines in Example 11 describe the basic conditions and values needed
for the computations. In line 5, the monthly interest rateto be used in the computa­
tions is derived. Normally in financial analysis, the monthly rate is found bysimply
dividing the annual rate by twelve. For example, if the annual rate is 12 percent, the
monthly rate is 12/12, or 1 percent. However, because of the cumulative nature of
compounding, interest earned on 12 percent compounded monthly will be greater
than on 12 percent compounded annually. The difference can be derived from
Equation 1, presented at the beginning of this chapter. The single payment com­
pound amount factor for an interest rate of1 percent, compounded over 12 periods
is 1.1268, whereas the factor for an interest rate of12percent, compounded over one

Example 11
sample Computation for Interest During Construction

A. Input Data
1. Construction period = 2years
2. Total construction cost = $24,000,000
3. Middle of month unifonn payments =$24,000,000/24 $1,000,000

..
=

4. Annual interest rate = 83/8 percent
B. Detennination of Monthly Interest Rate

5. (1 + i)12 = 1.08375
l+i • (1.08375)1112

i ::0 0.00672

C. IDC Computation
6.

IDC - !:Pm[(l +/)~1 - 1]

where
n = number of periods, in months
Pm ::0 the mth monthly payment
i = monthly interest rate

7. IDC (from Table 5·1) = $1,949,000
•
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Table 5-1
IDC COmputaUon Example

• Month Payment Interest Factor Interest

1,000,000 x [(1.00672)23 - 1] = $166,500

2 1,000,000 x [(1.00672)22 -1] .. 158,800

• 3 1,000,000 x [(1.00672)21 - 1] = 151,000

4 1,000,000 x [(1.00672)20 - 1] = 143,300

5 1,000,000 x [(1.00672)19 -1J = 135,700

6 1,000,000 x [(1.00672)18 -1] = 128,100• 7 1,000,000 X [(1.00672)17 - 1J 120,600

8 1,000,000 x [(1.00672)16 -1J = 113,100

9 1,000,000 x [(1.00672)15 -1] = 105,700

• 10 1,000,000 [(1.00672)14 - 1] 98,300x =
11 1,000,000 x [(1.00672)13 -1J = 91,000

12 1,000,000 x [(1.00672)12 -1] = 83,700

• 13 1,000,000 x [(1.00672)11 • 1] = 76,500

14 1,000,000 x [(1.00672)10 -1] = 69,300

15 1,000,000 x [(1.00672)9 -1] = 62,100

• 16 1,000,000 x [(1.00672)8 - 1] = 55,000

17 1,000,000 x [(1.00672)7 - 1] = '48,000

18 1,000,000 x [(1.00672)6 -1] = 41,000

19 1,000,000 x [(1.00672)5 -1] = 34,100• 20 1,000,000 X [(1.00672)4 - 1] = 27,200

21 1,000,000 x [(1.00672)3 -1] = 20,300

22 1,000,000 x [(1.00672)2 -1] = 13,500

• [(1.00672)1 - 1]23 1,000,000 x = 6,700

24 1,000,000 x [(1.00672)0 - 1] = 0

Total $24,000,000 $1,949,000

• •
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period is 1.1200. This stated annual rate of 12 percent is usually called the nominal
rate, whereas the compounded rate of 12.68 percent is usually referred to as the
effective rate.

Since the objective ofbenefit cost analysis is to compare all benefit and cost streams
at the same annual discount rate, it is necessary for the IOC computations to find
the interestrate that/ compounded monthly, will yieldanannualeffectiverate equal
to the discount rate being used. This can be done by solving the equation provided
in line 5 of Example 11.

Once the monthly rate to be used has been determined, the IOC can be computed.
The equation at line 6 is for computing the total interest earned for n monthly
installments at a rate of i. Solving this equation (Table 5-1) at an interest rate of
8% percent for 24 monthly payments of $1/000/000/ will yield the total interest
earned ($1/949/000 in this example) at the time of the final payment. If the payments
are assumed to be incurred at the end of the month, then the final payment will
usually occur concurrently with the beginning of the base year. The interest calcu­
lated with the equation at line 6 is then the total IOC. However, ifsome other timing
ofpayments is assumed (e.g., EconomicConsiderations, January 1982/ suggests inter­
est be computed from the middle of the month in which expendituresare incurred)/
then the additional interest that would be incurred between the timing of the final
payment and the beginning of the base year may also (if significant) need to be
calculated and included in the final estimate of IOC.

5.5 Summary

The above examples have been presented to illustrate someofthe basic discounting
conceptsandprocedures thatare oftenused in water resource developmentbenefit­
cost analysis. In order to clearly illustrate the concepts involved, lengthy hand
calculations were sometimes used, especially in Example 11. Some short-cut tech­
niques were presented thatcanreduce thecomputations required and, as indicated,
closely approximate the estimates derived from more detailed, analytical ap,..
proaches. These latter approaches, however, are readily adaptable to micro-com­
puter spreadsheet and other software programs. Analysts are encouraged to use
such programs. The programs are relatively easy to use, can minimize set-up and
computational errors, and can easily incorporate changes in such factors as interest
and growth rates and price levels.

•
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Minimum Study Requirements

At the outset of a study, its scope is determined. The preceding pages attempt to
cover the broadest scope of possible categories for economic analysis. The more of
these factors the report takes into account, the more accurate its results will be.
However, there are times when a report's scope must be very limited. In this event,
the following information provides guidelines on the minimum amount of infor­
mation and work an economic analysis should include.

6.1 Minimum Information to be Included in Final Report

The report's results should include the following:

i) Definition of the study area.

2) Summary of alternatives examined by the study, including the level of protec­
tion and costs of each alternative.

3) Other studies or considerations important to the study's results.

4) Summary of benefit categories and calculations.

5) Summary of implications of the data, including benefits, levels of protection,
costs, cost-benefit ratio, and any other important considerations revealed in the
course of the study.

6.2 Minimum Amount of Information to Gather for the Study

In performing an economic analysis, the following data must be gathered:

1) Elevation-d.amage relationships for without-project conditions (both present
and future) and with-project conditions. Establishing these relationships re­
quires the following data:

a) Floodplain evaluation:

» Structure count.

» Survey of 1st floor pads of all structures.
•
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» Assessment of average or cumulative value for structures (including
contents, and outside property).

» Assessment of other damage areas, such as public utilities, roads, and
traffic.

» Estimates of future developments of population and land use.

b) Hydrology:

» Establish the follOWing relationships for four or five frequencies:
elevation-discharge curve, discharge-frequency curve, and elevation­
frequency curve.

» Determine minimum damaging flood and velocities of floodwaters.

2) Compile and analyze damages/benefits.

» Estimate damages for all structures and other categories for selected fre­
quencies.

» Calculate average annual flood damages with and without project.

» Calculatepresent value ofproject benefits and discounted present value of
damage prevention at selected project life and discount rate.

The Flood Damage Inventory Forms in Appendix A should guide the analyst in
collecting the minimum study requirements outlined above.

•
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TUNt." r'11
:ILE CODE WS-14

FORN APPROVED
OMe NO. 40-R3806

U. S. DEPARTMENT OF AGRICULTUR;
SOil CONSERVATION SERVICE

,

FLOOD DAMAGE -- TRANSPORTATION -- UTILITIES

Valcrshed Reach State Interviewer Date _

~es pondent Institution Represented _

.oeal ion of Damage Item Damaged _

(6)Date of Flood - -
Estimated Damages if
Floods were:

(1) (2) (3) (4) (5) Higher Lower

Depth of Water Cost of Other Total
Related to Item Damaged Type of Damage Repair JI Damages Damages I' 2' 3' I' 2' 3'

(feet) (dollars) (doUars) (dollars)

V Indicute the year repair made if other than year damaged _

Bridge Information

(7) (8) (9) (10) (11)

Estimated Remaining Estimated Cost of Estimated Life of
Location Size and Kind of Bridge Life of Bridge ~ Replacement Replacement

(years) (dollars) (years)

Remarks

..,------------------------------------------------------------------
- . --



•
e

•

SCS-WS-3
JUNE 1972
FIL.E COOe: WS-14

,

FLOOD DAMAGE--COMMERCIAL--INDUSTRIAL

FORM APPROVEO
OMS NO. 40-R3808

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

• Waiershed State Reach _

llntetviewer -- Date _

Structure:

Construction: Frame 0 Brick 0 .MetalD Other (s,pecify)_---:-:-._~--------

Market Value (do not include land) $ _

Size: Basement sq. ft. 1st Floor sq.' ft. No~ of'Floofs_' _

Owner

•

•

Type of Business

Value of Contents:
(estimated)

Address

Basement $ _

Other ~$ - _

1st Floor $ _ 2nd Floor $ ....,.._

.e
1st Floor Storage (per cent stQred in relation to elevation):

0.0 - 1.0 ft. % 1.1- 3.0 ft. I % 3.1- 5.0 ft. % ?1 ft. and over %

Number of Employees How Often Do Damaging Floods Occur?__~ .....;.. _

Date of Flood, -- Type of Flood: Backwater 0 . 'Flowing 0'
Depth of Flood: Grounds ft. Basement ft. 1st floor ft. 2nd Floor ft.

•$====

,
Estimated Damages (Dollars). Remarks

'"

Grounds - Parking lots, walks, signs XXX XXX $ .: (Loss pr.evented by evacuation,

Lawns, shrubs XXX XXX emergency preparations, etc.)

Structure - FoundatiOn XXX XXX
Walls XXX XXX
Other XXX XXX

Contents -(Stock) Basement 1st Floor Other
Merchandise $ $ $

Equipmen:t
Records
Misc. ($pecify)

ther - Loss of Business XXX XXX $

EvacuatiOn-Reoccupation XXX XXX
Flood proofing XXX XXX
Employee Wages ~st XXX XXX
Misc. XXX XXX

otals $ $ $T
TOTAL LOSS FOR FLOOD

o•

•

•

Estimated Damages at Higher or Lower Stages Than This Flood

•
Higher

Lower

l' $ _

l' $, _

2' $ _

2' $ _

3' $ _

3' $ _

4' $ _

4' $ _

5' $, _

5' $ _



Location of automobiles when flooded

Depth of water in basement.,-. _

Describe source of floodwater (through windows, walls, basement drains, etc.)

FORM APPROVED
OMS NO. 4O-R380S

U. S. OEPARTMENT Of AGRICULTURE
SOIL CONSERVATION SERVICE

FLOOD DAMAGE - RESIDENTIAL PROPERTIES

___________________ State _

Depth below the above flood at which damages begin _

Depth of water in automobiles _.....;.. _

Depth of water in other buildings __---. ,--

Depth of water on or above first floor _

Depth of water on grounds or lawn _

Depth of water in garage _

Watershed

Reach Interviewer Date _

Address Years lived here _

,
SCS-WS-2
JUNE 1972
FILE CODE WS-14

Occupant __---. _

Date of specific flood event Hrs. of advance warning received _

Times residence flooded: No. Dates _

"

•

•

•

•

•

•

•

•

•

•

•



~~~~~~~~~~,..;.....- ~bi·"''''''isar1>.ic~· !dish'i( ·M"t~i'L1i·6¥1i··;';;t6:"'if(tfs:~;:·:i;-·ilc--·;;-~:/~·:·<:·;'~ ..

• - ._ ~~~:::esidence No. - Number of times tbis honse has been flooded since yon have lived in i:·····i~

Dates - Month, day, and year of all damaging floods mentioned in the previous

•

•

•

•

•

•

•

•

•
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•

•

•

•

•

•

•

•

•

FLOOD DA~IAGE - RESIDENTIAL PROPERTIES - APPRAISAL

-.
Specific Flood Event and Dates of Stages Above and Below

e Item
Specific

Flood Event

Extent of Damage

(DollarsXSpecify price base if different from flood year)

Structure -
House

Outbuildings

Driveways and walks

Contents-
Basement:

Furniture

Appliances

Personal belongings

First Floor: -
Furniture

Appliances

Personal belongings

Lawn

Vehicles

Other (s pecify)

Cleanup (Lawns, driveways,
basement, floors, etc.)

Subtotal - Direct" Damages

Emergency measures of
evacuation, etc •

. Loss of income·

Other (specify)

Subtotal - Indirect Damages

Total Damages

Size of residence sq. ft.

Market value of residence (do not include lot) S

Replacement value of contents $ _

".'-

.~



_ Approximate value of house and outbuildings exclusive of the value of the
land area (lot) on which they are located.

_ Income lost by occupant and family either to prevent flood damages or for
clean-up activities, that has not been accounted for in the direct flood
damage estimate above.

_ Give approximate living area of home in terms of square feet; e.g.,
30' x 60'=1800 sq. ft.

_ Give the approximate cost to the dweller of replacing, with equivalent
facilities, the furniture, appliances, and personal belongings normally
contained in this home.

- _Name other types of indirect damage which fit under the indirect damage
category for this watershed flood plain occupant, such as loss of
refrigerated foods due to power failure,added medical costs due to
flooding, added travel expenses caused by increased travel route, added
living expenses because of flood damage to residence, etc.

_ Dollar value of labor, equipment, utilities, and time expended in attempting
to prevent flood damages from the specific flood event.

Market value of
residence (not
including lot)

Replacement value
of contents

Loss of income

Size of residence

Indirect Damages:

Other (specify)

Emergency meas­
ures for evacu­
ation

Appraisal of Flood Damages:

Specific flood
event and stages
above or below

.
All information in the body of this table should be in terms of dollar damage estimates.
Physical effects should be described in the "remarks" section of the table.

_ The specific flood event is the historical flood for which detailed damage
estimates are to be recorded in one column of this table. Stages above and
below the specific flood event refer to floodwater depths in or at this higher
(above) or lower (below) than that experienced from the specific flood event.
Stages above and below the specific flood event should, as a minimum,
include large, medium, and- small flood events. The large flood event
should at least equal the lOO-year flood. These damage data may be related
to the first floor elevation of the house or may be obtained on a frequency­
depth of inundation type basis. Use these columns to fit your method of
obtaining flood damage for a range of flood frequency events.

Extent of Damage - Dollars - Give a detailed dollar listing of damage for each identifiable item changed.
• When damage estimates are obtained from the person being interviewed, it

is important to know what year his estimates are related to if other than
year of flood.
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FLOOD DMIAGE - RESIDENTIA L PROPERTIES

Class of Structure Type

(check one) Frame Mason.·y Other
(specify)

Single story, no basement

Single story, with basement

Two story, no basement

Two story, with .basement

Split level

Mobile .home

Other (specify)

Show height of experienced flood stage (depth) on the residence. Denote basement windows and depressed
basement entranceways as related to first floor elevation and depth of inundation by specific flood event.

•

•

•

•

•

•

•

•

•
I ·r
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residence. If the "other" block under "Type" is checked,

Check the one ·block which most accurately describes this

specify, by footnote, what this "other" refers to.

Class and type
of structure
(check one)

This standard drawing is intended to be used in numerous ways. Any use that can be made
of this drawing that serves the enumerator's purpose should be shown. Any penciled
modifications, as necessary, should be made.

•

•

•

•

•

•

•

•
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Flood ot _

Damage t~Cropeallcl p..atu~ rroJii~J'l,goa o{Ib~Q:~Da~!-e

Flood Damage Schedule Work Sheet
(SAlIIple)

Acres Flooded by Largest Flood _

!WTES

-----_._-_._--

!
("f-
CD
'1

\..oJ--------
• 't:1

III
-----_.~,-----..,...- ~

i'IJ
o

How frequently do tlooda ot thlll
.ize occur __

Subwaterahed _

Yield After Extra Cost trnll.s Saved
Flood tina Amount K Amount -

Expected Yield
It No Flood

Years on Fa1"lll _

Acres Flooded _

Present. Acres
This Crop

Acres
nooded

Depth

Nu.e

Crop

w
~
~
+=-

Cotton 0 ' .2' 10 5 200 lb. 150 Replant. Extre 10 Picking 50 lbe/ac
'"t.J Co:'ll 0'.2' 10 5 30 bu. 1; Cultivation 10 Harvest 15 bu/ac.... Whea.t 2.1'-4' 10 10 15 bu. 10 Comb1neoe 10% lenger llone -------------
~ to harvest ------------Joh.,:ong:'ull
ell 1'!oado.... 2.1'-10' 5 15 1 ton 1 None . None

\..oJ ?!\tture 4.1 ' ..0 ' 10 10 No damage.
~ ~ -----

Other Damage From thls Flood

Equipment None
Type-~- ----1l8Jii&ge

____ Quantity _ Value

Fence 4 rode
Poultry 12 hens
Livest.ock i helfer

Levee. None

*Scour 5A!20!
-Bank Cutt1nc __

*Sed1lllent _+.c;;5A~/-=-2...a!,"-__

Vduo ot Cropland: $100 a:re Value ot Pasture, -!l~

Q. What chAngea in land use have been made due to floods? A. 10 acres ot rov Cro~S to Johnson8ra811 meadov.
Q. What ehAngu Yould be Mde it the frequency ot flooding vere reaucsd by halt? III ot meadow to crops and 5 f.cres

~W'f) t.o cro~s. •
Q. H~ ao largeloods occur? (It the flood described above is a large flood, change thls question to small floods.)

A• Once in 8 )'ears.
Q. During wllit: 80&llOnS are tloods lIlOSt common? A. Large noods, Spring. 1/2; Fall. 1/2. Small £loollsl Spring - JL4;

Fall - l/b~
Q. In addition t.o t.he 108s 11'1 yield de"crlbed aboYe, vas there .an)' damage to qual1tT ot crope? A. Wheat-weeda beclluse

IIbeat down. Est1lllated rcent. Docked rice or wheat 2 •
Q. What damage did this food do t.o roads and bridges nearb;r? A. ~hed out approaches, about 10 loads needed.

_TheM iwa My be total clamAge since he has been on ~he tara.

-' \
i \ I
I \ J.' ../:...._.-
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Chapter 3 - page 22

li'I.JJOD DAs"4AGE - RESIDENTUL
(Sauq>le)

Watershed _ Reach

Location of pro-perty: Stream mile No.

• Ocr.upent _ Years Occupancy _

Demagfng noods~ No. Dates _

--==-=' -'.Al....PRAISAL OF DAMAGE

• :Experienced or Potential Flood~.t
Property damaged : :

: :
: Extent of dsmsge

Residence and contents
th of vater in basement : : :

• 1;h of vater on f'irst floor :
Foundation : :
Basement and. contents :
Floors and vall.s :
Furniture · : :·Personal. belongings : e: '. :• ~

: :
Lawn
Garaee ~~Qof' vater) :
Other b ~s (depth of vater) : :

:

• Automobiles {depth of vater} :
· : .·Other losses :

Clean-up

•

•

•

•

Relevant Data:
Type of residence: Frame Masonry • Size of residence

square feet. Market value of reside~. Replacement
value of 1"urn1turej • For experienced f'lood describe 8lJY
emergency activity f'or prevention ot losDes or eV8.i:Uation _

g Indicate the date of experienced floods. Show height o:f other flood
stages in terms 01' plus or minus depth increments re:ferenced to the ex­
perienced flood.

Figuro 3.8

J/l/6h

••



2. Respondent -- This would be the individual providing the information.

•

•

•
1.

Explanatory Notes

Location of damage -- This may be by reach or other meaningful terms to identify
where the damage occurs.

•

•

•

•

•

•

•

•

3. Institution Represented -- This may be the County Highway Department, railroad,
utility company, etc.

~

4. Item Damaged -- Specify item and kind of item such as gravel road, steel bridge,
ITIsin railroad line, electric generating plant, etc.

S. Column (1) -- This is to reflect the depth of water .either over or below item damaged
such as road surface, bridge deck, etc.

6. Column (2) -- This is to show whether damage consisted of washing out a bridge,
eroding of abutments, gravel washed off road surface, flooding pumps, breaking
utility poles, etc.

7. Column (4) -- This includes loss of business, wage loss, rerouting costs, emergency
measures, cost of preventing damage, etc. Explain under remarks.

8. Column (6) -- This is not for a specific flood but is related to estimated damages if
flood stages were either higher or lower. This estimate may be by respondent or
technicians or both. .

9. Bridge Information -- This data is to reflect without project conditions. This data
may be useful if the replacement period and cost of replacement is affected by project
conditions. It is most applicap1e to bridges in close proximity of structureS~" ..

10. Column (8) -- This is to show size of bridge opening and whether steel, timber, etc.

11. Remarks -- Use to clarify any data obtained or additional information not specifically
covered.

•
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Appendix B

FEMA Depth-Damage Relationships

The table that follows has been produced by FEMA and contains the data used by
the U.S. Army Corps of Engineers to estimate structure and content damages by
percentage relative to the inundation depth. Depth is measured in feet; structure
and content data are percentages of the estimated value. Hence, if a residential
structure is inundated to the one-foot level, the estimated damage would be:

13.35 x $ Value of Structure = $ Damage to Structure

17.00 x $ Value of Contents =$ Damage to Contents

Note that the Inundation Depth is measured from the first level (including homes
with basements) and that -1.0 Inundation Depth means flooding occurs to one foot
below the first floor.

•

• August 1990 B·1
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1989 FEMA Depth Damage

Inundation Residential Commercial Mobile Home
Depth

Structure Content Structure Content Structure Content

-1.0 0.00 0.00 0.00 . 0.00 0.00 0.00

-0.5 3.85 5.66 3.85 3.59 4.14 1.63

0.0 7.78 11.31 7.78 7.18 8.26 3.25

0.5 10.56 14.16 10.56 8.46 26.28 14.92

1.0 13.35 17.00 13.35 9.74 44.33 26.58

1.5 18.79 24.52 18.79 13.73 53.79 37.85

2.0 20.23 32.04 20.23 17.71 63.25 49.11

2.5 23.38 33.35 23.38 20.13 88.28 56.60

3.0 28.49 34.68 26.49 22.54 73.30 64.09

3.5 27.57 35.n 27.57 25.42 75.88 67.23

4.0 28.65 36.88 28.65 28.31 78.47 70.37

4.5 29.25 38.75 29.25 30.73 79.11 72.98

5.0 29.85 40.61 29.85 33.15 79.74 75.59

5.5 35.25 42.76 35.25 36.19 80.30 76.64

6.0 40.66 44.91 40.66 39.23 80.86 77.68

6.5 41.74 47.38 41.74 41.64 81.38 78.24

7.0 42.83 49.86 42.83 44.05 81.89 78.80

7.5 43.41 52.32 43.41 47.04

8.0 44.00 54.n 44.00 50.03




