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RESUME

Le présent_rapport décrit les méthodes employées pour évaluer
les possibilités de dommages causés par les inondations et les bé&néfices
structuraux que.l'on peut retirer grice i la construction.d'ouvrage de
contrdle contre les inondations dans la vallée du Fraser. . Bien qu'il fixe
les dommages-intéréts de la vallée, il porte essentiellement sur les
‘méthodes d'analyse et indique 1'exactitude des résuitafs., Donc, il offre
de bonnes lignes directrices pour les études futures.

La premidre partie du rapport &labore un plan général. Il fixe
les colits et fait connaitre les avantages de lfaménagement dans une plaine
inondable. Par la suite il met 1'emphase sur un des plus importants aspects
des €tudes sur les dommages causés par les inondations, le processur employé
pour calculer la moyenne des dommages annuels. I1 laisse entendre que
lorsque des digue$ font partie d'un ouvrage de protection dans un bassin,
une prime non reconnue est incluse dans les &valuations des pertes moyennes
‘annuelles de salaire et de propriété. Cette prime refléte la valeur
implicitement donnée aux pertes immatérielles,et i ceux qui courent des
risques. Selon la présente étude, les pertes moyennes annuelles de ce genre
peuvent atteindre jusqu'a 70%.

La deuxidme partie du rapport décrit 1es,techniqu¢ employées pour
évaluer les fonctions synthétiques étapes-dommages. Elle indique (1) comment
on s'est servi &es techniques de moyenne pour obtenir des &valuations justes
des possibilités des dommages aux récoltes et aux résidences. (2) comment
les cartes inondations-intensités furent dressées aux fins d'accélerer le
processus d'évaluatibn. (3) comment furent colligées et analysées les données
relatives aux &tudes sur le terrain dans le but de fournir des évaluations
acceptables des dommages commerciaux et industriels et des pertes de salaire,
et (4) comment on:a‘combiné des pronostics sur l'accroiSSement général et
sur la flambée des prix pour faire de justes prédictions sur les dommages

futurs.,
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ABSTRACT

This report describes the methods used to estimate potential
flood damages and structural flood control benefits in the Fraser Valley.
Although it includes estimates of damages for the valley, it focuses

primarily on methods of analysis and indicates tﬁe accuracy of the re-

sults. Therefore, it provides a good set of guidelines for future studies.

The first part of the report develops a general framework.

- It defines the costs and benefits of occupying a floodplain. It then

concentrates on one of the most critical aspects of flood damage

studies - the procedure used to calculaﬁe average annual damages. It

suggests that, for basins in which dykes form a part of a protection

scheme, an unrecognized premium is included in estimates of average

annual property and income losses. This premium reflects the value

implicitly assigned to risk-taking and intangible losses. In the present

study, it could be as much as 70%Z of the computed average annual losses.
The second part of the report describes the techniques used

to estimate synthetic stage-damage functions. It shows 1) how aver-

\

aging techniques were used to obtain accurate assessments of potential

‘ damages to crops and residences, 2) how floodfdepth maps were developed

to spéed the estimating process, 3) how field survey data were collected
and analysed to provide reasonable assessments of commercial and indus-
trial damages and income losses, and 4) how simple growth and price '
change projections were devised and used to make adequate fofecasts of

future damages.
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GENERAL METHODOLOGY
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CHAPTER I

INTRODUCTION

STUDY OBJECTIVE

Since the 1800's, urban and rural developments have encroached
upon the floodplain in the Fraser Vélley. Despit vast dyking systems and
upstream reservoirs that currently provide some protection for most of
these areas, the threat of flooding and the possibility of extensive damage
being suffered by floodplain activifies still remains. In order to assess
the magnitude of the problem, the present study was conceived to measure
the potential flood damage in the entire Fraser River System, the impact
that major floods would have on British Columbia, and the ameliorating
effects that proposed dykes and reservoirs would have on the flood hazard.
Major emphasis was placed on assessing flood damage potential in the Lower
Fraser Valley, Kamloops, Prince George and Quesnel because these areas
incorporate almost all of the urban and rural developments threatened by

floods in the basin.

REPORT ORIENTATION

Many studies of flood hazards and potential damages have appeared
since the early 1940's. Many devices have been used and proposed to
eliminate these hazards and many methods have been adopted to assess the
costs of floods and the benefits of flood control measures. Out of these
studies has arisen a body of literature that has gradually reduced, to
manageable proportions, the array of problems involved in such assessments.

This report describes the methods devised and used in the Fraser
Study to estimate potential flood losses and the benefits of s;ructural

flood control measures. Although it applies specifically to the Fraser

River, it is intended to be general enough to serve as a guide for other
studies. Thus, while it does enumerate potential flood losses (Appendix

H), it concentrates primarily on methods and indicates the significance of
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different types of damage and the accuracy of the results. In the process,

it offers both modifications of existing techniques where the latter
appear inadequate, and adaptations of standard procedures where data are
either unobtainable or unpredlctable.

Chapter 1 provides a general description of the costs of flood-
ing and the benefits of flood control. It outlines four recognized costs
of flooding and presents one of these, the opportunity cost of foregoing
certain activities because of the flood hazard, in some depth.

Chapter II describes the process by which potential, average
annual values of flood damages are calculated. It notes some of the tech-
nical problems that evolve when engineering and hydrological concepts are
translated literally into economic terms. It illustrates the standard
procedures for measuring structural flood control benefits, examines al-
ternatives that might be used to improve analyses, and outlines the method
employed in the current Fraser River Study.

| Chapters III through IX are devoted exclusively to describing
the methods uséd to estimate the losses of income and property that would
occur in the event of a Fraser River flood. They éummarize the steps used
to evaluate specific types of damage, such as residential and agricultural,
and comment upon the accuracy of the results. They also develop a crude
model depicting a likely growth pattern for the Lower Fraser floodplain
and present a method for predicting the impact that such a pattern will
have on the flood damage potential of the region.

This report does not examine the benefits of all structural means
of flood control nor does it consider. the benefits of non-structural
alternatives. However, its narrow focus should not be construed as an
indication of the significance of the role alternatives can play in a flood
control scheme. It is simply a reflection of the terms of reference under

1/

which this study was undertaken.—

1/ For an excellent and enlightening discussion on the benefits of non-
structural ways of approaching the flood problem (i.e. zoning and flood
insurance) and of emergency measures and other structural means of
flood control, see Lind (1967: 345-357). TFor an extensive presentation
of optimum combinations of structural and non-structural flood control
measures, see James (1965).

»
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THE COSTS OF FLOODING AND THE BENEFITS OF FLOOD PROTECTION

The benefits of providing flood protection are defined as the
reduction in costs due to flooding that oécurs with the introduction of
protective measures. These costs can be'grouped into four categories:
1) loss of property and income, 2) risk-taking, 3) intangibles and
4) restrictions on the use of the floodplain by certain activities be-
cause of the flood problems. This categorization facilitates a clear
identification of the costs of using a floodplain and an understanding

of the real benefits of flood control measures.

1. ©PROPERTY AND INCOME LOSSES

The first cost is conceptually simple. Floods destroy property
and disrupt economic activity thereby inflicting losses on an economy.
These losses are classified as '"primary" and "secondary' damages. Primary
losses are those that occur directly to economic activities located on the
floodplain. They incorporate such factors as residential, agricultural,
commercial and industrial property damage, destruction of roads, railways
and utilities, losses of profits and income of those employed on the flood-
plain, frictional costs involved in transferring and deferring production
of flood disrupted industries and losses of rents accruing to homes that
must be abandoned during high water periods. Secondary losses are perm-
anent income losses that occur to industries located off the floodplain as
a consequence of flood-inflicted severances of linkages with suppliers
and/or consumers. They afise either because production delays and losses
are caused by disruptions of the inter-industrial flow patterns of inter-
mediate goods or because final sales to consumers are interrupted. Both
primary and secondary losses and techniques of assessing them are the
subject of discussion in Chapters III through IX and warrant no further
attention here.

Standard methods of estimating flood damages require the calcu-
lation of the potential average annual values of these damages over a
given period. The specific steps in the calculation will be described in
detail in Chapter II, but at present, a simplified explanation is required.

Initially, the frequencies of occurrence of given annual maximum water
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levels are derived from historical data. Then, the probability distrib-
ution of these levels for any one year is assumed to mirror the histor-
ical pattern. Next, the damage that will occur in the event that the
river rises to each level is estimated. Finally, the potential average
value of damage is computed on the basis of the probability distribution
of these losses. This average value is assumed to represent the average
cost of flooding per annum (given no changes in floodplain conditions).

The benefits of flood control are estimated as the amount by
which flood protection measures reduce the estimated annual value of

2/

damages. Normal growth™ in economic activity, and subsequently in the
size of benefits, is incorporated into the analysis in the projection of
the stream of annual Benefits. This stream of benefits is discounted to
its present value. It is then assumed that, given the opportunity,
floodplain dwellers will pay an amount for flood protection equal to the
size of the benefits they receive in the form of the reduction of the
present value of the average annual losses over a specified period. This

willingness to pay is assumed to equal the benefits of flood protection.

2. RISK-TAKING

Lind (1967: 346-349) points out that this procedure ignores the
question of uncertainty and thereby fails to account for the second cost
listed above - the cost associated with risk-taking. He suggests that
people may be interested in more than just mean values; they may also be
concerned with avoiding very large losses in a catastrophic flood or in
the variance of the distribution of losses. He rightfully states that if
this is the case and if people are willing to pay a premium for avoiding
these risk-associated costs, then an estimate based on the average value
of the losses underestimates the total costs of flooding and the benefits

of flood prevention by the amount of the premium.

2/ Normal growth is defined as growth in economic activity that will occur
whether or not a flood protection structure is built. Benefits of pro-

(1

tecting such activity are measured as the reduction of potential damages

that this activity would incur if left exposed. Project-induced growth
is distinct; it provides "enhancement benefits' which are discussed
extensively later in this chapter.
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The benefits of reducing the costs of risk (as indicated by the
premium people are willing to pay) are not usually included systematically
in the benefits of flood protection. This is because of practical prob-
lems of measurement. Nevertheless, in practice, an attempt is made to
account for the risk factor because optimal levels of protection that would
be determined from average annual values on the basis of "marginal
benefit = marginal cost' criteria are frequently exceeded. Typically,
higher than optimal standardsg/as suggested by principles of marginalism
are introduced because larger scale projects.are purported to provide
risk-reduction benefits, It is contended that if these benefits were in-
corporated into the benefit estimates, then the marginal benefits would
exceed the marginal costs presently calculated using only average annual
values.

Lind (1967: 349) maintains that this argument is essentially
correct provided no alternative means, such as flood insurance, are avail-
able to eliminate risk at a lower cost;i/ And since, to date, institu-
tional constraints have kept flood insurance out of the scope of alterna-
tives of approaching flood problems, in the Canadian context at least, it
is legitimate to admit some risk premium as a benefit of a flood prevention

project.

3. INTANGIBLES

The third cost listed above is labelled "intangibles'. This en-
compasses costs such as loss of life and limb, psychological disturbances
and social upheaval which are difficult, if not impossible, to measure in
monetary terms. Loss of life looms particularly important in analyses of
flood problems as a further reason for justif&ing extensive sfructural flood

control measures. This cost, while very real, is probably exaggerated inso-

3/ The most common practice is to build a structure so as to protect
against some large 'design' flood determined more by political decree
or arbitrary selection than by any stated economically rational
criterion.

4/ Of course the magnitude of the value of the risk—premium currently
~assumed in studies may not be correct.
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far as few deaths have aqtually resulted from flooding (Eckstein,1958:141).
Moreover, it is far from clear that dams and dykes will reduce deaths.
Certainly, they will eliminate small floods (which would probably cause
little loss of life anyway) and in the case of dams, reduce the peaks of
large ones. However, structural measures capable of completely eliminating

the possibility of flooding seldom, if ever, prove economically feasible.

Consequently, a flood warning and evacuation system must always be a part
of flood protection networks. Moreover, in the case of levees, there is

no guarantee that a structure will not weaken and bufst unexpectedly caus-
ing more loss of life than would have occurred in its absence. Thus, while
loss of life may be a significant factor, it is questionable whether

structural measures are effective means of reducing this cost.

4, COSTS OF RESTRICTED USE

The last cost is, conceptually, the mosf difficult of the four.
Cleérly there is some opportunity cost of having only restricted use of a
floodplain but the true measure of the benefits of reducing flood hazards
and thereby enhancing land values has been the subject of considerable,
controversial discussion.

United States Senate Document 97 (U.S. Senate, 1962), borrowing
from the earlier "Green Book" (U.S. Inter-Agency Committee, 1958: 39),
defined project~induced (enhancement) benefits as the increase in the net
income of the floodplain that occurs when a flood reduction project
induces a change of land use. It stated that these benefits were to be
measured as the difference in net earnings of the‘floodplain before and
after a project is introduced. To obtain the het figure, all associated
costs except the rental value of the land had to be subtracted from the
gross returns. Thus, U.S. Senate Document 97 proposed measuring the
benefits of the project as if it were in isolation from the rest of the
economy. It did not comsider relevant the origin of the activities that
would locate on a floodplain once prﬁtection was provided.

Krutilla (1966: 186), following some general statements by
Eckstein (1958: 133), presented an alternative "correct'" measure of pro-
ject-induced benefits. He suggested that there was perhaps little real
economic gain in land enhancement because it represented merely a diver-

sion of economic activity from non-floodplain areas. He defined real

"
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economic gain in terms of the project's contribution to the national pro-
duct and stated that the remainder of the land enhancement described in
U.S. Senate Document 97 was simply an income transfer from owners of non-
floodplain to owners of floodplain land. He maintained that the true

estimate of the benefit was the difference between the increase in flood-

plain land values and the income redistribution between owners of the

floodable and non-floodable land under study.

Lind (1966: 77-87 and 1967: 350-354) expanded on this approach of
assessing project-induced benefits.é/ He proposed the now accepted theory
that the measure bf land enhancement benefits was only the difference
between the profits that an activity could earn off the floodplain and

those it could earn on the floodplain, given flood protection and the

initial set of prices and rents. He showed that this assessment would

provide an upper bound for project-induced benefits (Lind, 1966: 67-70).
The precise formula Lind proposed was the following (Lind, 1967:
350):
Enhancement benefit = (SFi - Pf) - (SUi - Pu)
where SFi = net earnings of activity i at floodplain location
after flood protection is provided (exclusive of

land costs).

Pf = rental value of land on floodplain before protection
is provided (i.e. in the initial state of equilib-
rium).

SUi = net earnings of activity i located on unflooded land.

Pu = initial equilibrium rental value of unflooded land.

5/ His explanation of enhancement benefits is the most detailed and exact
to date. His proposal has been adopted as the correct measure by the
United States Government (U.S. Water Resources Council, 1970: P.III1
B-2-6). This latest U.S. document also suggests that, where the data
required to use Lind's method is lacking, an alternative measure for
enhancement benefits is the damage that induced~growth activities would
suffer in the absence of protection if they were to locate on the flood-
plain. However, our experience suggests that this has no necessary
relationship with Lind's result. Consequently the Fraser Study adhered
as closely as possible to Lind's method for computing enhancement
benefits.
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Because of past difficulties in interpreting enhancement benefits
and because of the apparent divergence between Lind's measure of benefits
and that proposed by McKean in his general explanation of pecuniary spill-
overs (McKean, 1958: 136-150), it is worthwhile to explain Lind's formula
more fully. ‘

The heart of the problem rests in location theory. Given a
choice, a rational entrepreneur will locate on a floodplain only if he'can
earn a larger net income there than he can on unfloodable land. The costs
he must consider are the normal ones associated with location decisions
plus costs uniquely related to floodplain areas. The latter include both
flood protection expenses and residual damages that occur when the protec-
tion works fail. Now suppose an entrepreneur is trying to decide whether
or not to build on a floodplain. Further, assume that in his initial
cost calculations, he can exclude the cost of flood protection works
(like dykes and dams) because the government will provide the works at no
extra charge. Then clearly, he will select the floodplain option only if
his profit level, exclusive of flood protection expenditures at that site,
is greater than or equal to the profit level on unfloodable land.

If a government (or collection of interested parties) wishes to
know whether or not it is economically feasible to build a dyke or dam and
occupy a floodplain, it cannot ignore the opportunity cost of not locating
on unfloodable land. No rational entrepreneur would be willing to pay
more for protective structures than the difference between the potential
net returns on the floodplain and the net returns at unflooded locations.
The economic rent that could be earned at alternative sites must be consid-
ered an opportunity cost to be incorporated into the assessment of the
real benefits of occupying the floodplain.

A concise statement of the foregoing argument is that the
willingness of activities to pay more for floodplain than non-floodplain

6/

land depends upon the amount by which the net returns—' earned at the
floodplain site exceed those earned in non~floodplain areas. It will
therefore be worthwhile to invest in a flood protection project exclu-

sively on the basis of enhancement benefits only when the total site

6/ Exclusive of flood protection costs but including residual damages.

(1]



»

'

't

-9 -
advantage of the plain is greater than the total project cost. In symbols,

this will occur when

o sy =P - (s = 2] DD

i=1
where D is the cost of flood prevention and SFi’ SUi’ Pf and Pu are
equivalent to the symbols in Lind's formula (with the express understanding

that Spy excludes project costs). As long as [(SFi - Pf) - (SUi - Pu)J:>O
for each activity that is expected to occupy a floodplain, and as long as
the sum of these potential profits is greater than project costs, a gov-
ernment agency can claim that enhancement benefits justify the construc-—

. . . 7
tion of protective works on the basis of economic efficiency crlteria;*/

SUMMARY

This report describes the methods used to estimate the economic
value of potential flood damages and flood prevention benefits. Although
it enumerates the estimated damages and describes how they were used to
determine benefits of flood control measures, its primary concern is to
present a detailed outline of the techniques employed and the adequacy of
the results derived.

Four costs of flooding are considered in this study. These are
1) property and income losses, 2) risk-taking, 3) intangibles and 4) re-
strictions on floodplain use. In this analysis, the last is identified
explicitly, the third is given only minor consideration, the second is
taken into account indirectly, and the first is clearly defined for indi-

vidual flood levels.

7/ The criteria must, of course, be based on the principle that marginal

benefits equal marginal costs. When this principle is used in an
analysis, the reduction of residual damages must be included along with
enhancement benefits in the computation of the optimum level of the
flood control structures (See footnote 6, Chapter II).
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Estimating property and income losses is the subject of most pf
the subsequent chapters. As such, the significance of these losses for
individual flood levels is well explained. However, because risk is
introduced implicitly into the analysis when these damages are assessed in
terms of damage-frequency functions, the real value of reducing property
and income losses becomes obscure. As Chapter II indicates, thg final
calculation of the average annual economic benefits of flood control in
the Fraser Valley therefore represents a combination of risk- and damage-
reduction benefits (plus a separate computation of the value of reducing

restrictions on floodplain use).

CONCLUSTON

This presentation of the four costs of flooding is brief but it
provides an adequate overview of the concepts involved in flood control
studies and clarifies or identifies several specific problem areas. It
also sets the stage for introducing and examining, in the following
chapter, the procedures used to compute average annual values of flood
damages and, in subsequent chapters, the methods adopted for evaluating

potential economic losses during given flood levels.

"
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CHAPTER II

COMPUTING AVERAGE ANNUAL VALUE OF FLOOD DAMAGES

INTRODUCTION

One of the most significant determinants of the magnitude of
potential flood damage estimates is the procedure used to obtain the
average annual value of flood damages. Although there is a standard,
mechanical approach to the problem, frequently its unwitting use leads to
an abuse of economic data. The relationship between the average annual
value of damages and the four costs of flooding outlined in Chapter I is
sometimes poorly understood. Engineering data often are translated lit-
erally into economic terms. The result can be a misrepresentation of the
economic costs of flooding and the benefits of flood control.

This Chapter deals with the mechanics and philosophy underlying
computations of the average annual value of flood damages. It outlines
the traditional approach, illustrates problems that have arisen with the
application of the procedure, and suggests ways of improving standard
practices. Finally, it describes the method used in the present study
and explains the meaning of the average annual value derived on the basis

of this technique.

THE AVERAGE ANNUAL VALUE CRITERION

Estimates of the probability distribution of flood damages used
to determine the average annual value of losses depend largely on informa-~
tion on stream-flow characteristics. .The traditional approach involves
establishing the historical frequency of recurrences of yearly peak dis-
charges of water (measured in cubic feet per second at a specific point in
a river). A cumulative frequenéy distribution is developed to reflect the
frequency at which specified rates of flow are equalled or exceeded. The
frequency.of occurrence is expressed both in terms of recurrence intervals
(eg. '"one in 200-year flood"), and as a probability distribution of dis-

charges. Past events are assumed to mirror future conditions so that
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the historical probability distribution of discharges defines the probabil-
ity of given discharges being equalled or exceeded in each consecutive
year in the future. A typical frequency discharge curve is presented in
Figure 1 as:

Q = Q(p) : (1)
where p = a measure of probgbility ranging between 0 and 1.0 and Q =
discharge in cubic feet per second;l/

Associated with the discharge at a given point along a river is
a unique water level or stage (measured in feet above datum which is often
taken to be sea level). Thus, a relationship between discharge and stage
can be established and described as the following function (Figure 2):

S = S(Q) (2)
where S = water level in feet. A stage-frequency curve is then created
by substituting equation 1 into equation 2 (Figure 3). It describes the
frequency with which a given water level is equaled or exceeded and is
represented by:

s = s[Q()] (3)

When a river overflows its banks and inundates its floodplain,
it causes flood damage. The amount of damage that occurs depends on the
level of economic activity on the flood plain and on flood characteristics
such as the velocity ofrthe current and the depth of flooding. For any
specific area, damage is assumed to be contingent on the stage to which
the river rises. Thus, a fourth function, a stage-damage function, is
required in the analysis. It is shown in Figure 4 as:

D = D(S) (4)
where D = flood damage in dollars.

The final equation necessary to enable the computation of the
average annual value of damages is formed by substituting equation 3 into
4. This gives the result D = D {S[ Q(p))) or more simply:

D = P(p) (5)
where p = the probability of incurring damages (ranging from 0 to 1.0).

1/ While p = U(Q) is perhaps a more readily understood function, its in-
verse Q = Q(p) is used here because it is more easily employed in the
construction of the damage-frequency function to be explained later
in the text. '

k4
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DETERMINING THE AVERAGE ANNUAL VALUE OF FLOOD DAMAGES

FIG. 1 - DISCHARGE-FREQUENCY FUNCTION
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This last equation represents the damage-frequency function shown in
Figure 5. It is interpreted as defining the probability that given
magnitudes of flood damage will be equalled or exceeded in any one year.
The area under this curve represents the average annual value of flood
damage under the assumption that no changes in floodplain activities or
" prices occur over time.

For this study, estimates of damages were required for a 60-year
time period. Since normal growth in economic activity and relative price
changes are expected to alter the structure of flood damages over this
period, these factors had to be inéorporated into the analysis. This was
done by estimating the potential flood damage for each relevent flood and
for each year under study, given projected changes in prices and economic
activities on the floodplain. Thus, a stream of damages was computed for
each flood for a span of sixty years. Then, the present value of these
damages was calculated and summed. This gave the present worth of flood
damages for each flood stage under the assumption that each stage occurs
annually. By integrating the resulting "total present worth of damage-
frequency" curve, the present worth of the total value of flood damages

over the required sixty years was obtained.

THE BENEFITS OF PROVIDING STRUCTURAL FLOOD PROTECTION

1. RESERVOIRS

Damming a river is one of the most common structural methods of
providing flood protection. Proper reservoir regulatipn has the effect of
reducing the frequency of large floods and eliminating small ones. During
peak run-off periods, only a certain rate of flow of water is allowed
through a reservoir's control gates. If the inflow exceeds the permissible
outflow, the reservoir's storage capacity is used to hold back the excess.
As long as its capacity is not surpassed, it can effectively reduce the
expected level of the water downstream by extending the peak run-off over

a longer time horizon than would be the case on an uncontrolled river.

~s
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In Figures 1 and 3, a reservoir's effect on the normal size of
the discharges and water levels downstream can be depicted By a leftward
shift of the discharge and stage-frequency curves, from Q to Ql and from
S to Sl respectively. The implication of this movement is that a given
discharge or stage will occur less frequently under controlled than under
natural conditions.g/

The impact of the reservoir on the damage-frequency function is
likewise to shift it leftward as illustrated in Figure 5. This shift can
easily be traced to the movement in the stage-frequency function. The
benefits that can be attributed to the reservoir in the form of a reduc-
tion of the mean annual value of flood damages are computed as the area
between the D and D1 curves.

2. LEVEES

Dykes or levees are also commonly used to reduce £lood damages
in an area. They function differently from reservoirs because they have
no effect on the discharge or level of water reached during peak run-off
periods.éj Instead, they act directly on the stage-damage function by
preventing water below certain stages from causing any damage at all.

The standard approach in dealing with levees is to examine them
in terms of the maximum safe level up to which they can withstand high
water. A levee is assumed to prevent all floodbdamages that would occur
in its absence during all water stages up to thié_maximum safe level (U.S.
Department of the Army, 1962: 36-39). Figure 6 illustrates a situation in
which it is assumed that no stage up to the level associated with the
probability of occurrence Py causes flood damage because a levee provides

complete protection. All stages above this level are assumed to inflict

2/ Alternmatively, the curves may be thought of as shifting downwards.

" This is the traditional approach. The concept is best illustrated by
the sample statement 'A reservoir has the effect of reducing the dis-
charge of a one-in-ten flood from 600,000 cfs. to 400,000 cfs.' Since
the frequency-shift concept used in the text reduces the chances of
making errors in the economic analysis, it has been adopted in this
report instead of the usual approach. However, the same conclusion
should result from the careful application of either method.

3/ Actually, they can affect the water levels by constricting the stream
and causing changes in sediment loadings. These factors are ignored
in the present analysis. ‘
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damage every time they are reached. The benefits credited to the levee
are assumed to be equal to the value of the shaded area under the frequen-

cy-~damage curve in Figure 6.

3. COMBINING RESERVOIRS AND LEVEES

It is seldom feasible to build dykes or dams that, by themselves,
supply "adequate" flood control, defined in engineering terms as "reliable"
protection against a flood of a given recurrence interval (in the present
study, it is classified as a 26 foot flood measured at Mission, B.C.).
Consequently, structural flood prevention programs include both levee and
dam construction, and problems arise in measuring and separating the
benefits attributable to each.

The standard procedure for allocating benefits between upstream
storage projects and levees is to distribute the benefits among individ-
ual projects according to the sequence in which they are to be built,
thereby satisfying the criteria required for economic efficiency on a 3
project-by-project basis. Usually one set of projects (i.e. levees) is
taken as ''given', because in most cases a prior political decision will v
have been made to construct several levees. All of the benefits repres-
ented by the shaded area "A" in Figure 7 are attributed to these dykes.
Next, the economic impact of several reservoirs are examined in sequence.

If dykes provide some degree of protection, the impact of a new
reservoir on flood damage is confined to its effect on the frequency of
floods that exceed the maximum safe levels of the dykes. A reservoir can
capture none of the benefits of flood prevention for water crests of
less than this level even though it may have some influence on these
stages.ﬁj Dykes absorb all of the benefits. If this condition exists,
then the correct measure of the benefits of a reservoir clearly is equal
to area ""B" lying between damage functions D and Dl’ in Figure 7 because
the reservoir has the effect of shifting the damage-frequency curve from

D to Dl.

4/ As previously stated, confusion is most easily avoided at this point in
the economic analysis if the impact of the reservoir is thought of as
reducing the frequency of recurrence of a given flow (or amount of
flood damage) rather than as reducing the level of a flow of a given
frequency.
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PROBLEMS AND POSSIBLE MODIFICATION OF STANDARD PROCEDURES FOR
ESTIMATING AVERAGE ANNUAL VALUES OF FLOOD CONTROL BENEFITS

This section deals with the following problems and possible
procedural modifications: 1) instances where computed damages are greater
than actual net returns from floodplain activities; 2) the interpretation
of reservoir impacts in terms of damage reductions rather than frequency
reductions; 3) attempts to examine simultaneously the benefits due to a
system's dykes and dams; 4) the identification of the benefits of risk
aversion; 5) the interpretation of maximum "safe'" levels; and 6) further
procedural modifications.

(1) Attributing the average annual benefits of reducing potential
flood damages to specific structures is not without difficulties. One
computational problem may occur if the maximum safe level of an existing
levee is below the design level of the structure. If the usual economic

interpretation (see p.15) of the maximum safe level is accepted and damages

predicted for each flood above this level are large, then the estimated
average annual value of damages could prove greater than the annual net re-
turns of floodplain activities, and also greater than the maximum benefit

of flood protection works.éj
The size of the average annual damages becomes superfluous, since

it is illogical to suppose that any economic activities would be carried
on in an area where yearly damages exceeded yearly net return.
Under these conditions, the general measure of flood reduction
benefits should be taken to be
B = (Yi - Di)
where B = the benefits of flood reduction
Yi= either the net income and payments to fixed factors of activity i
(excluding hypothetical damages under present conditions) in a
floodable area or the average annual estimated flood damages
to activity i prior to project completion, whichever is less.
If a new operation can profitably replace an unprofitable

activity i even if the flood reduction program is not undertaken,

5/ For an example of such a problem, see Fraser River Board (1963:
Plate 4-6).
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Yl_represents the difference between the income of activity i,

exclusive of the hypothetical present damages, and the income of

-

‘the new operation, inclusive of its hypothetical damages (or, again,
the average damage to activity i prior to project completion).
D = average annual residual damages to activity i after project comple-
tion.
(2) A second common problem (mentioned earlier) arises when
analysts examine shifts of damage~frequency curves in terms of reductions
in damages rather than reductions in frequencies. A typical statement
resulting from the first interpretation would be: "A reservoir reduces
the design flood of 33 feet to a mere 31 feet. Therefore all damages that
would have occurred during the floods ranging from 31 to 33 feet in the
absence of any protection should be credited to reservoirs. This should be
done even though dykes are upgraded to withstand floods of up to 33 feet".
Obviously, since reservoirs diminish damages, not by eliminating 31 to 33
foot flood levels but by reducing their frequency of occurrence, dykes

are effective in the 31 to 33 foot range and should be credited with some

r'a

benefits of damage prevention in this range.
(3) A third related difficulty may occur if analysts attempt to
examine ‘a system's dykes and dams simultaneously. If this is done, there :

is a problem of dividing the benefits of flood protection between dykes and
dams over ranges of flood levels in which both structures have some in-
fluence. The standard approach in such cases is to assign, arbitrarily,

a portion of the benefits to each structure (e.g. Fraser River Board,

1963: 52). However, this method ignores the economic rationale of examining
each project on the basis of its marginal contribution to the benefits and

costs of the system. As indicated previously, the correct economic assess—-
ment of the benefits of a dyke built prior to a reservoir requires that

the dyke be credited with the full extent of its flood reduction benefits.
If the reservoir does have some positive impact, such as reducing stress
on the dykes, its benefits should be measured as the value of decreasing
repair costs and lengthening the dyke's economic life.

(4) A fourth and very important problem in calculating reasonable
flood reduction benefits derives from the extreme risk-averting character- s
istics of most flood control studies. 1In Chapter I, it was suggested that
costs of risk-taking may be legitimate and may be included in an analysis.

However, reports on flood problems often adopt the objective of providing a
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safe system with such single-purposed fervour that they tend to eclipse
real economic considerations. They dd this without expliéitly recognizing
the portion of estimated benefits being attributed to the costs of risk-
taking. Therefore, distorted or misleading estimates of flood control
benefits frequently emerge from such reports.

This failure to present a clear picture of the average annual
value of damage-reduction benefits, separate from any imputed benefits of
risk-aversion (and intangibles), has had some oblique recognition in the
literature. For instance, comments about the significance of the design
flood concept have appeared in several articles (e.g. Whipple, 1968: 1509).
These articles propose that since a design flood is simply a large flood
of some "infrequent" occurrence and is determined via an arbitrary engin-
eering or political decision, it may have no relationship with the prin-
ciples of marginaiism adhered to in economics. Thus, levees may be too
high and reservoirs too vast to satisfy economic efficiency criteria.

In the same vein, critics have noted that there is an existing
risk-averting practice of topping dykes with two-to-three feet of free-
board and that the effects of this extra protection are excluded from eco-
nomic analyses of dyking benefits. Since dykes have been known to with-
stand water levels greater than the design flood, this practice of ignoring
the freeboard is purported to violate the "incremental benefit - incremen-—

6/

tal cost" criteria.—

6/ This is not necessarily a valid argument. The purpose of the freeboard
is partly to prevent wave action from breaking down a dyke. 1If it is
to be brought into the economic analysis at all, it should probably be
introduced in conjunction with emergency measures like flood-fighting.
If flood-fighting is undertaken, the records indicate that freeboard
can be used to prevent flooding from discharges greater than those for
which dykes are designed.

Also, as an aside on the incremental benefit = incremental cost criter-
ion, it should be pointed out that Whipple (1968: 1511-1513) has noted
that both project engineers and their academic critics have actually
failed to include residual damages of project-—induced growth in their
analyses of marginal benefits and costs of flood control measures. He
contends that once project-induced residual damages have been incorpor-
ated into an analysis, the optimum level of protection may be higher
than that indicated when these damages are excluded., Thus, he suggests
that early projects that have come under attack for violating economic
efficiency criteria have been criticized on an incorrect basis. He
further proposes that many that were attacked for exceeding the optimal
size were, on the contrary, too small to be optimal.
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(5) One other standard procedure used in assessing the benefits
of flood control reflects the engineers' conservative approach and obscures
the meaning of the average annual value of flood damages. This procedure
has escaped criticism to date, even though it has a very significant impact
Lon the size of flood control benefits. It is the act of assigning a max-
imum safe level to dykes for the purpose of assessing economic gains.

The maximum "safe" level of protection offered by a dyke is det-
ermined by engineers who base their conclusion on the physical characteris-
tics of the structure. The level coincides with what the engineers feel
is the maximum water elevation the dyke can withstand virtually 100% of the
time. It may be several feet below the design level of the structure.

In engineering terms, the maximum safe level is a meaningful
statistic. However, when it is translated directly into economic analyses
with no modifications, a large bias is injected into the assessment of
flood control benefits. The distortion in the economic analysis exists
because there is a great difference between the maximum safe and maximum
possible level of protection offered by a dyke. Engineers do not expect
flooding to occur every time a river exceeds the maximum safe level.
Moreover, historical records show that water stages often rise above this
level with no resultant flooding. The maximum safe level simply marks the
point at which flooding becomes possible. Nevertheless, traditionally the
economic interpretation of this engineering datum is based on the implicit

assumption that dykes will fail every time the safe level is exceeded.

The potential for over-stating the average annual value of flood damages
is obvious.

(6) The standard procedure for estimating the mean annual value
of flood damage clearly fails to give reliable results when a set of dykes
exists in a system. It is not enough to consider stage-frequency functions
as the sole basis for constructing frequency-damage curves under such cir-
cumstances. Alterations must be made if realistic assessments are desired.

One way of introducing realism into economic analyses of such
flood prevention problems is to establish a subjective probability distrib-
ution for dyke failure as a function of water stage. This method is best
illustrated by example. Figure 8 shows how the technique might be applied
to existing dykes in the Lower Fraser. In this figure, the 20 foot level

is taken to be the maximum safe level of the existing dykes; there is zero

L1

Ll
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probability of failure at this point. The 25 foot level is assumed to be
the maximum possible level of protection offered by the dykes; at this ex-
treme, the probability of failure is 1.0. Probabilities of failure are
also associated with intervening stages and it is here that a subjective
appraisal of the dykes must be made.Z/ The resulting subjective failure-
probability path between the two extremes (0.0 and 1.0) may be concave,
linear or convex. In Figure 8 it is assumed to be linear (Path A); in
contrast, standard techniques imply that its shape is discontinuously con-
vex downwards (Path B), the most conservative path possible.

By combining ''Stage-probability of failure" Path A with the
hypothetical stage-damage functionéjof Figure 9‘(developed for illustrative
purposes only), a stage-expected damage curve can be constructed (Figure
10). This function describes the expected value of damages for every water
stage greater than 20 feet in elevation. ("Expected value" is used
loosely here to mean the estimated average value of damage that occurs each
time a given water stage is reached.)

Once this intermediate step is taken, the resulting function can
be combined with the previously constructed stage-frequency function to
obtain an expected damage-frequency function (Function Dy in Figure 11).

The area under this curve, in contrast to the area under the standard

curve (Function D2 in Figure 11), represents the best estimate of the
average annual value of the measurable economic benefits that could accrue
to flood prevention structures (under the assumption that dyke-failure path
"A" is more accurate than '"B").

Although hypothetical, Figure 11 clearly illustrates the possib-
ility of distorting flood damage estimates. The premium placed on "risk-
taking" and "intangibles'" in flood control studies is seen to be potentially
large (150% greater than the actual average annual damages in Figure 11).
Since such significant quantities may be involved, this premium cannot be
ignored in a flood control program that attempts to portray its benefits
realistically.

7/ The duration of flooding and its effect on under-seepage are two factors
that would have to be considered when the probability distribution is
being determined.

8/ Which effectively assumes no dyke protection above 2s<feet.v
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FIGURE 9

HYPOTHETICAL STAGE-DAMAGE FUNCTION REPRESENTING
DAMAGE DURING FRASER RIVER FLOODS
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FIGURE 11

DAMAGE-FREQUENCY VS. EXPECTED DAMAGE-FREQUENCY FUNCTION
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PRESENT STUDY'S METHOD OF COMPUTING AVERAGE ANNUAL VALUES

The Fraser River Program Committee (1971), aware of the possible
distortions linked to the average annual value measure, attempted to modify
the standard brocedures used in damage-prevention studies. Initially, it
considered esfimating probabilities of failure for both existing dykes
and proposed improved structures. However, after investigating the problem,
the Committee decided that more meaningful results could be obtained if
the benefit estimates were based on a "confidence level" criterion. It
therefore identified levels up to which it considered confidence could be
placed in existing and up-graded dykes.

These levels are not '"maximum safe levels" in pure engineering
terms. Rather, they represent the high water stages at which dyke patrols
are accelerated, equipment is committed for emergency action, and concern
about dyke stability emerges. They are not '"safe" levels because there is
some chance of dyke failure during lower water elevations. They are merely
rough indicators of the stages at which dykes stop providing fairly reliable
protection.

With this concept as a base, the Committee adopted the economic-
ally rational procedure of allocating flood control benefits among dykes
and several proposed upstream storage reservoirs on a ''first added" basis.
The mechanics of this process have been covered in previous examples.
However, to clarify the specific steps adopted, a final, complete inter-
pretation of the Committee's decision is presented in Figures 12 and 13.

Existing dykes are credited with all benefits derived from pre-
venting floods during peak water elevations lower than the established
confidence levels (which range between 21 and 23 feet at Miss{bn). These

benefits are represented by area A, in Figures 12 and 13. Existing

1
reservoirs are then allotted the flood reduction benefits shown as area A2
in the figures. The damage-frequency function on which the present study
is based is therefore D3, rather than Dl’ as it would be under natural

flow conditions.—

9/ As noted earlier, the acceptance of maximum safe levels (or, in this
case, confidence levels) associated with water elevations that recur
frequently creates problems of measurement of flood control benefits
if damage-frequency functions are used. These problems are not
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Figure 12 illustrates how benefits are credited to improved
dykes and dams if dyke improvements precede reservoir‘construction.
Upgraded dykeé supply full protection against all water stages less than
24 feet (i.e., with a probability of occurrence of P3 under the existing

partially controlled river regime). All benefits between P2 and P3 are

therefore attributed to these dykes (area A,. in Figure 12). However,

31
there is some probability that improved dykes will fail if water levels

rise to between 24 and 26 feet. Thus, it is assumed that dykes can be
credited with only 50% of the benefits of preventing all damages that
could occur in flows with probabilities ranging between P3 and P5 under
the existing river regime. The damage-prevention benefits of the dykes

in this range therefore are represented by Area A.,, in Figure 12; the

32

3 32°
The residual damages lying under the new damage function D4

total benefits of improved dykes are A 1 plus A

can be reduced by and credited to upstream storage projects. The impact

of the storage projects is to shift D, leftwards as is illustrated by the

4

movement of D4 to D5 in Figure 12. The damage-reduction benefits that

result from this shift are represented by Area AA'
If reservoirs precede dyke construction, the allocation of flood
control benefits between dykes and dams changes. Reservoirs will shift

D3 leftwards to D4

to A3. Dyke improvements are then introduced to decrease the size of the

in Figure 13 and capture damage-reduction benefits equal

residual damages lying under the curve D4. The benefits attributed to

9/ (continued) insurmountable as long as the fact that there is a ceiling
on the size of the potential damages is brought into the analysis. As
stated previously, this ceiling is equal to the value of net incomes
and payments to fixed factors that will be lost if the areas must be
abandoned for lack of flood protection. In Figure 12, it is assumed
that even under natural flow conditions, flooding is not serious or
frequent enough to prevent occupation of the floocdplain.

In the assessment of reservoirs in the present study, assumptions of
frequent floodings posed few problems. The question of a '"ceiling' on
the benefits did not arise for Lower Fraser areas because a decision

was made in 1972 to upgrade all mainstem Lower Fraser dykes. (It should
be noted that "ceilings" for individual dyking areas were too high to
affect the decision to upgrade the dykes.) In Upper Fraser and Thompson
areas, flood frequencies and damages were not large enough to necessitate
the introduction of a limit on the size of the benefits.
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these dykes are calculated following the same criterion described in the

preceding paragraph and are equal to area A41 plus A4 in Figure 13. 1In

2
this case, the final residual dykes is represented by Function D5 (which

10/

is the same as D5 in Figure 12)—

Because a decision was made in 1972 to build most mainstem
Lower Fraser dykes, the question of risk-reduction benefits being attrib-
uted to up-graded dykes under the Committee's allocation procedure is now
irrelevant. However, risk-reduction benefits may be a significant part of
the damage-prevention benefits credited to reservoirs under the Committee's
procedure. Most of these benefits are based on the assumption that Lower
Fraser dykes will be up-graded before dams are constructed. Therefore, it
is important to examine the impact of the Committee's assumption about the
potential damage that can be prevented by upstream storage regulation,
given that dyke improvements precede reservoir construction.

To facilitate the analysis, it is useful to describe the Commit-
tee's criterion in terms of "failure-probability paths'”. In this context,
Figure 14 illustrates several possible '"stage-probability of failure
paths'" of up-graded dykes. Path A depicts the Committee's

10/ One anomaly in the computation of average annual damages in the
present study should be noted. Two municipalities in the Lower
Fraser (Richmond and Delta) are subject to both tidal and river
influences. Each has sea and river dykes and each is cut by
Highway 499. This highway would act as a partial dyke protecting
the western part of these municipalities if river dykes fail during
peak run-offs of 24 feet (Mission) or less. Therefore flood depths
(and damages) would be lower than would be the case if this obstruc-
tion were non-existent. Because of the unpredictability of factors
such as the point during the tidal cycle at which the dyke would
break, the speed of dyke repair, and the duration of flooding, it
was impossible to determine the exact impact of the highway on flood
damages. However, to account for the highway's mitigating effects,
western areas were assumed to suffer only half of the damages that
would occur if there were no obstruction to water elevations of
24 feet or less.

R



_31_

decision to credit the dykes with 507 of the benefits of preventing damages
that could occur during water levels ranging bétween 24 and 26 feet;ll/
This is likely a conservative estimate of dyking benefits. Path B repres-
ents the lowest probability of failure path possible. It rests on the
assumption that dykes will withstand all water levels for which they are
designed (i.e., all levels up to 26 feet). Paths A and B represent two
extremes. Paths C and D are simply hypothetical, intermediate possibilities.
These failure-probability paths must be combined with potential
stage—-damage functions of the Fraser to determine the risk-reduction portion
of the damage-prevention benefits derived using Committee procedures.
Appendix H.9 summarizes the Lower Fraser damages computed for 1971 on the
basis of the methods presented in Chapters III through VII. These damages
are coupled with stage-frequency data and the failure-probability paths of

Figure l4. The expected damage-frequency functions of Figure 15 result.

11/ It should be noted that Path A is only one of many possible interpre-
tations of the Committee's decision. The path could be any shape that
conforms to the following constraints:

(1) 0 £ p* at 24 feet £ 0.5; (2) 0.5<€ p* at 26 feet £ 1.0

(3) p* at 24 feet £ p* between 24 and 26 feet £ p* at 26 feet;

(4) p* between 24 and 26 feet is such that area A,, in Figure 12 =

2 area under D, between P3 and P5 (where p* = probggility of failure).
The shape of the selected path has no effect on the benefits allocated
to dykes (given the constraints) and no significant impact on the bene-
fits attributable to specific reservoirs. Moreover, if probabilities
of failure such as "0" at 24 feet and "1.0" at 26 feet had been assumed,
then p* at 25 feet would have had to be calculated separately for each
dyking area as a function of the individual damage-frequency curves.
Therefore, the simplest and most practical interpretation of the
Committee's decision was to make p* = 0.5 at all three levels.

As an alternative way of recognizing the possibility of dyke failure,
the Committee could have assumed probabilities of failure to be 0.0,
0.5 and 1.0 at 24, 25 and 26 feet respectively, and eliminated the
fourth constraint listed above. Had this approach been adopted, the
resulting estimates of damages and reservoir benefits would have been
about 7% lower than those obtained using the criteria established by
the Committee.
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FIGURE 14

POSSIBLE "STAGE-PROBABILITY OF FAILURE PATHS"
OF UP-GRADED LOWER FRASER DYKES

Path B
26{ R o .-_-_'.-.i:.l.'} 82 2
" /@ath C "” -
ater 254 - ,/ — “Path D
Stage / /// Path Representing
/ Interpretation of
(Ft. / X
24 Committee Procedure
at Path A
Mission)
T 1 L) ¥ Lf 1
0 0.1 0.2 0.3 0.4 0.5 1.0

Probability of Dyke Failure

FIGURE 15

POSSIBLE RESIDUAL EXPECTED DAMAGE-FREQUENCY FUNCTIONS

SUBSEQUENT TO UP-GRADING OF LOWER FRASER DYKES
400

Possible Values Implicitly Assigned to
Risk-Taking Under Committee Procedure

SD, - /D, = 70% of /D

- = 2%
.y 2004 /Da /DC 65% of/Da
°° JD -/D 50% of /D
Damage a d = a

($'000,000)

100+

~—

—
——
— —
—

0 .005 .010 .015 .020 .025
Probability of Damage Being Equalled or Exceeded

L



-~ 33 -

Figure 15 illustrates the size of risk-reduction benefits that
could be hidden in the estimates of annual flood damages in the present
study. Actual potential property and income losses may be as small as the
area under Db. The Committee estimate is equal to the area under Da.lg/
The difference between the two represents the maximum likely value implic-—
itly attributed to risk-taking under the Committee procedure.

Since no growth has been incorporated into Figure 15, the

absolute values of the average annual damages are not very meaningful. The

sign{ficance of Figure 15 is that it shows that up to 70% of the residual
damages assumed reducible by reservoirs may consist of costs of risk-taking
énd intangibles. This means that as little as $0.30 out of every dollar of
average annual residual flood damages predicted in this study represents
actual potential property and income losses.

Unfortunately, nothing can be said about the validity of the
remaining $0.70. This figure is based on a physical criterion that may be
unrelated to the true value people place on risk-taking and intangibles.
However, the explicit separation and identification of the two components
of average annual damages is critical. It enables decision-makers to
recognize the maximum possible relative weight being assigned to risk-taking
and intangibles in the final damage estimate. Therefore, it should provide

them with a better understanding upon which they can base a decision.

SUMMARY

One of the most important determinants of the size of potential
flood damage estimates is the procedure used to calculate the average
annual value of flood damages. The average value of flood damages rep-
resents the weighted mean of a specific distribution of potential losses.
This distribution defines the statistical probabilities of various magni-
tudes of flood losses. that could occur in any one year for a given state of

economic development.

12/ is the expected damage-frequency curve derived from failure-
probability Path B. Da is based on Path A. '



Both the average value measure and its underlying pfobability
distribution are susceptible to gross distortions that occur when hydrolog-
ic data and engineering criteria, upon which the measure is based, are ’
translated literally into economic terms. Standard procedures fail to
acknowledge any difficulties in the translation and have, consequently, s
led to peculiar results in past reports.

A study of the Fraser River Basin is particularly complex in this
aspect because of the river's extensive dyking system. Problems arise when
predictions of frequencies of flooding in the Fraser's dyked areas are made.
Engineers tend to approach dykes in terms of their maximum safe levels of
protection. However, if this tactic 1s adopted by economists, biased
answers emerge. Thus, meaningful estimates of the potential economic
impact of floods in a dyked region must be based on some other criterion.

Estimates of potential average annual flood damages in this study
rest on a modified version of traditional methods. One modification is
that "confidence levels" instead of "maximum safe levels' were assigned to
dykes. Another is that each project's damage-reduction benefits were
examined on a "first added" basis and arbitrary divisions of benefits
among projects were avoided. Still another is that the value assigned to
risk-taking and intangibles, implicit in most analyses of flood reduction

benefits, was identified explicitly in this analysis.

CONCLUSTON

There are many serious problems inherent in analyses of flood
control benefits based on the average annual value of damages derived from
damage~-frequency curves. The method used in the present Fraser Study,
although incorporating a potentially large premium for risk and intangibles,
is superior to traditional procedures.

This method represents a positive step towards providing realis- .
tic estimates of flood control benefits because it allows for a partial
blending of economic and engineering criteria. The explicit recognition :
of the premium placed on risk-taking and intangibles is, in itself, an-
asset., However, the technique used in this study does not completely

eliminate the bias found in most flood control studies. Consequently the
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existence of the bias must be considered both when methods of assessing
damage in the field are being selected and when a decision to accept or

reject a proposed project is being made.



PART II

ESTIMATING STAGE-DAMAGE FUNCTIONS
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CHAPTER III

ESTIMATINC RESIDENTIAL FLOOD DAMAGE

INTRODUCTION

Studies of potential flood damages normally divide residential
losses into two components: structural and content damages. Estimates
of structural damages are more reliable because there is greater uniformity
in the design of houses than in their contents. Nevertheless, most analyses
develop unit stage—damage functions for both the contents and structures
of houses.

Previous studies have shown residential losses to be highly
predictable. Thié conclusion has been illustrated both in theoretical
studies which derived synthetic stage-damage functions for individual
houses (White: 1964; Acres: 1968) and in empirical analyses which estab-
lished linear damage functions on the basis of data collected in the wake
of actual floods (Stanford Research Institute: 1960).

The predictability of residential flood losses is particularly
important in an analysis of potential damages in the Fraser River Basin.

An examination of the data collected for the 1963 Fraser River Report
revealed that, in the event of a major flood, residential property losses
would make up the most significant portion of total flood damages. It
showed that, if there were no river dykes, residential losses would account
for approximately 457 of the primary damage likely to occur during a 24-
foot flood stage (measured at Mission). Consequently it was considered
essential to develop an accurate method for estimating residential damages.

This chapter describes the development of synthetic unit stage-
damage functions for high, medium and low quality houses in the Fraser
Basin., It outlines the method used to combine these unit-damage functions
with variations in structural housing characteristics and flood depths and

estimate potential damages for different areas throughout the basin.
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GENERAL METHODOLOGY

The original Fraser River Study (Fraser River Board: 1963)

based its estimates of residential damage on an assumed "average house'

with a single story, no basement, a market value of $7,0001/ and a main

4

floor elevation of two feet above ground level. The study further developed
its stage—damage curves with information from the Winnipeg Flood Cost-
Benefit Report (Royal Commission: 1958) which had presented graphs
expressing real and personal property damage as a percentage of the equal-
ized assessed values of buildings.

As a first attempt at estimating residential damage, this approach
was adequate. However, it was too general to give the level of precision
required in the present study and had to be revised. -

While the 1963 study established its description of an "average
house" largely on the basis of professional opinion, the present research
team constructed models of "average houses" by using sound statistical data.
House types in the British Columbia Appraisal Manual were grouped into three

classes (A, B, and C), primarily according to their value per square foot

4

(Appendix A.2). Then, for the "average' house in each class, component
stage~damage curves were derived from information on house characteristics
obtained from assessment rolls and field surveys.

The mix of house classes in given areas on the floodplain and
the average value of houses in each class were obtained by taking a random
sample from assessment rolls of two separate areas of the floodplain:
Richmond Municipality and Chilliwack City and Chilliwhack District
Municipalities. These areas were selected because they contain about 90%
of the houses on the floodplain and account for most house types found in
the Fraser River Basin. By sampling both areas, it was possible to con-
struct models capable of describing major variations in house types through-

out the study area.

1/ Excluding land value.
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STRUCTURAL DAMAGE ESTIMATES

A series of reports on structural flood damage provided the
background required for establishing a method for estimating residential

losses. Two major studies were particularly useful: the Royal Commission

on Flood Cost-Benefit (1958) and the more recent Guidelines to Analysis,

Vol. 2: Flood Damages (Acres Ltd.: 1968). Unfortunately, there were large

unexplained discrepancies between the reports and no basis existed for
deciding which was more relevant to the Fraser River area. Consequently,

a new study was undertaken to determine the probable stage-damage relation-
ships for Fraser Valley dwellings.

Initially, all data on potential structural damage were to be
obtained from a random field sample of houses from each class. However,
because assessment rolls contained all the required information on housing
characteristics except elevations of main floors above ground level, and
because a larger, mdre accurate sample could be taken from these rolls than
in the field, the survey approach was abandoned. Eventually, only data on
ground floor elevations were collected in the field.

Estimates of standard unit costs of replacing and/or repairing
high, medium and low quality flood damaged material were obtained from the
Federal Department of Public Works. Although this department, with its
wide access.to information on construction costs, was thought to be the
most reliable source of such data, its estimates were checked against
information from the Appraisal Manual of British Columbia and from a number
of firms contacted about specific items (Appendix A.l). Because the
results of the spot-checks compared favourably with the figures provided
by Public Works, the latter were modified only slightly (Appendix A.S)%/
before being combined with information on A, B and C class house character-

istics to determine stage-damage relationships.

2/ Note that no depreciation rates were applied to obtain these figures.
Only in the case of paint damage could a depreciation rate have been
justified and the inclusion of such a rate would have had an insignifi-
cant effect on the total structural damage estimate.



Damage relationships were established for three house classes to
enable the development of typical unit residential stage~damage functionms
for all distinct areas on the basis of the proportions of such houses in

each area. These functions could have been developed in several ways. One

(8]

method considered in this analysis involved the following operations:

1) calculating exterior and interior basement and main floor damage per
foot of flooding for each sample house; 2) finding the average "per foot'
damage for the main floor and basement of all houses within each class;

3) combining the stage-damage curves of the main floors and basements into
a composite stage~damage function for each house class in each dyking area;
4) constructing a stage-damage curve of the "typical” house in each area
by taking a weighted average of the functions developed for the three house
types.

Because this procedure required an excessive number of calcula-
tions, a simplified system was adopted in the present study. Before any
damage was estimated, the structural characteristics of houses in each class
were determined. The first step was to calculate average perimeters, areas

of floor and walls, heights of main floors above ground level, and lengths

+

of interior walls. The second was to establish the percentage of A, B and
C class houses made of specific materialé.éj Once derived, this information
was combined with the unit-damage estimates provided by Public Works to
form stage~damage functions for exteriors, main floor interiors and base-
ments of houses in each of the three classes.

Two exterior damage functions were developed for each house class
because exterior damages were found to vary with the heights of main floors
above ground level and with the percentage of houses having basements. One
function was based on the sample of houses taken in Richmond and the other,
on the sample taken in Chilliwack. The two functions were used to repres—
ent potential damages in all areas in the Fraser‘Valley. The selection of
a particular function for a given area depended upon whether an area's

houses were similar to those in Richmond or to those in Chilliwack. .

3/ For instance, it was found that 60% of the B class houses have plaster
walls and 40% have gyproc; 12%Z have wall-to-wall carpeting, 36% have
hardwood flooring, 297 are tiled and 237 have fir flooring. Hence, it
was possible to describe an "average" house as being 60% plaster and
40% gyproc, etc.
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" Appendix A.4 shows the characteristics of A, B and C class houses

and the computations used to determine their damage functions. The final

stage—-damage functions for main floors, basements and exteriors are i1llus-
trated in Appendices A.4.1.3, A.4.2.3 and A.4.3.3.

CONTENT DAMAGE ESTIMATES

A large field sample would be the most reliable source of data
on which to base a description of the average contents (and subsequently,
flood damage) of typical A, B and C class houses. However, because a sample
would require the use of more resources than were available for the present
study, the information had to be acquired through gecondary sources.

An attempt was made to obtain a déscription of house furnishings
from the records of the Canadian Undexrwriters Adjustment Bureau. However,
the Bureau—li/in Vancouver advised that rather than keep detailed records on

. furnishings for insurance purposes, the Bureau simply assessed the value
of the contents of a residence at 40%Z of the market cost of the building
(excluding the property). Since this figure proved to be the only indica-
tion of the value (and characteristics) of house contents évailable, it
was used in the present study as a basis from which unit stage-damage
functions for house contents could be determined.

' Damage to basement contents was aésumed to be 10%Z of the total
value of the furnishings of each house. Estimates in the Acres Report
(1968) ranged from 7% for "B" and "C" class houses to 20% for "A". However, -
since "A" class houses on the floodplain are rare, the present study has
ignored the possible differences that might exist between houses of
different classes. Moreover, because basements tend to have old or dis-
carded furnishings and, because their contents can often be moved upstairs
in an emergency, the 10%Z selected for this report was considered to be a

generous figure.

4/ Personal communication
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The only other information needed to estimate unit stage-damage
functions was obtained from a report on the Squamish River flood problem
(Engineering Division: 1967). Figure 16 illustrates that report's estimate
of potential damage at various flood depths expressed as a percentage of
total content value.éj This percentage distribution was applied to the
previously calculated value of furnishings on main floors and in basements

to determine the content damages outlined in Appendix A.5
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COMBINED STRUCTURAL AND CONTENT DAMAGE

Total structural and content damages estimated for main floors
and basements (Appendix A.6) were combined with exterior damage functions
(Appendix A.4.2.3(3)) to determine total stage-damage functioms for each
house class in 22 areas in the Lower Fraser Valley (Appendix A.7.1 and

/

Figure 1 in Appendix A.7).é- The functions calculated for each house class
differed among areas solely because of differences in average heights of
main floors above ground level, in the percentage of houses with basements,

and in exterior damage functions (Appendix A.7.2).

5/ A similar distribution of content damage was used in the Winnipeg (Royal
Commission: 1958) and Fraser River (Robertson: 1963, Dwg. 4433-G)
benefit studies.

6/ Housing characteristics and unit stage-damage functions were also
determined for 10 areas in Kamloops, Prince George and Quesnel in the
upstream reaches of the Fraser system (Figures 2, 3 and 4 in Appendix
A,7 and Appendices A.8.1 and A.8.2).

<}
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Ultimately, a single unit stage-damage function was developed for
each of the 22 areas by combining stage-damage functions of A, B and C class
houses weighted according to the numerical importance of these houses in

each area (Appendix A.7.2).Z/ -

DETERMINING FLOOD DEPTHS

Time and money constraints made it impossible to determine the
exact elevation and potential flood depth of every floodplain dwelling.
Consequently, specific elevations and flood depths were identified for
individual houses only in lightly populated areas. In highly urbanized
areas, an averaging technique was adopted as the best way of approximating
these data. This technique was effective because it enabled the computa-
tion of reasonably consistent and accurate results, eliminated inconsisten-
cies in flood depth estimates that could have resulted from speculation
about the level of flooding at each house, and speeded up the process of
tabulating the number of residences affected by various flood depths.

In lightly populated areas, flood depths for individual houses
were established for various potential floods by subtracting the elevation
of each house from anticipated flood elevations. Land elevations were
obtained from air photographs containing spot heights, and flood levels,
from maps§/ containing one foot contour lines representing water surface
elevations that would occur during various floods (Figure 17b).

In heavily populated areas, several adjustments were made to the
basic data before flood depths were determined. First, all spot heights
taken from air photographs were rounded to the nearest foot and transferred
to overlays. '"Zones" of equal land elevation were then outlined on the
overlays (Figure 17a). Secondly, average elevations between consecutive

one foot water surface contours (Figure 17b) were computed and bands of

7/ The proportions of A, B and C class houses were determined through
assessment rolls in Richmond and Chilliwack and in the field in all
other areas.

8/ Supplied by the Engineering Division, Water Planning and Management
Branch, Department of the Environment.
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"equal" flood elevations were drawn on the water surface maps supplied by
the Engineering Division (Figure 17c). Thirdly, these bands were trans-
ferred to the overlays containing the outlines of zbnes of "equal" land
elevations so that areas of "equal" flood depth could be determined by
comparing bands with zones (Figure 17d)2/ Finally, these areas were
drawn on enlarged 1969 air photographs (scale 1:6,000). This made it
possible to identify quickly the range of flood depths to which houses
would be subjected and enabled the enumeration of dwellings flooded to
.each depth.

Although the averaging technique used in the present study is
adequate for residential areas like those in the Fraser Valley which have
relatively uniform distributions of houses, an alternative method should
be used in areas which do not have uniform distributions. One such method
is to draw topographic and water surface contour lines on a common map or
photo (Figure 18b). By marking flood depths at the points of intersection

of the two types of lines and contouring the resulting map of "spot"
depths, it is possible to create a flood depth map (Figure 18c). Then, if
every house lying within any given contour interval on this map is assumed
to be flooded by the average flood depth for that interval and if the map
contains one foot intervals, there will be less than six inches difference

between the true flood depths and the averages computed using this method.

CALCULATING TOTAL POTENTIAL RESIDENTIAL DAMAGES

Once the depth of flooding was determined for every house on the
floodplain, it was possible to combine this information with the umnit
stage-damage functions developed for selected areas. This procedure pro-
vided an estimate of the total residential damages each selected area

would suffer during floods of various magnitudes (Appendix H.1l).

9/ This procedure enables the estimation of flood depths accurate to
within one foot of true ﬂ}ood depths (if spot heights and water surface
contours are accurate).

(%)

[t
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FIGURE 17 A
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FIGURE 18

MAPS SHOWING DERIVATION OF DEPTH OF FLOODING MAP FROM
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SUMMARY

A review of previous studies of flood losses in the Lower Fraser
Valley showed that the most significant portion of the total damage that
would occur in a major flood would consist of damage to residential
property. Consequently, it was considered essential to develop an accurate
method for calculating residential damages in the interest of attaining
a reasonably accurate estimate of total losses.

Municipal assessment rolls proved useful in providing information
on the structural characteristics of high, medium and low quality houses in
floodplain areas. This source, in conjunction with a field survey and
data obtained from the Federal Department of PuBlic Works, formed the basis
for determining potential structural damages to houses on the floodplain.

The Canadian Underwriters Adjustment Bureau and earlier studies
of flood damages in the Lower Mainland were the sources of information used
to compute potential content damages for the three classes of residences
identified above.

A separate unit stage-damage curve was constructed for each
dyking area ih the Fraser Valley to represent the damage that would occur
at various flood depths to the "average" house in each.

In urban zones, one-foot contours of depths of inundation were
drawn on air photos to help identify residential areas subject to identical
depths of flooding during selected floods. The use of these contours
enabled a rapid and reasonably accurate estimation of the total damage that

would occur to residences during floods of various magnitudes (Appendix H.1).

CONCLUSION

Although there is little empirical evidence with which to compare
the residential damages estimated for the Fraser River Dyking areas,
several features of the methods used in this study lend credibility to the
results. TFirst, the sample of houses is large, the data on structural
characteristics are detailed and accurate, and supplementary information
on repalr costs were obtained from reliable sources. These factors sug-

gest that the unit stage-damage functions are reasonably precise. Moreover,
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because sound techniques were used to determine the depths of flooding,

errors that could have originated in this area were minimized.

Y]

Numerous variables, which can affect flood damages significantly,
have, however, been excluded from the analysis., Perhaps the most important
one lies in the realm of potential "human reactions'" to floods. Any
evacuation of furniture or emergency measures undertaken during a flood
will drastically affect the validity of the estimates of total damages as
they have been computed in the present study. Hydrologic variables such
as water velocity, duration of flooding, channel changes, sediment loads,
and the amount of debris in the water can also influence the size of
damages during particular floods. All of these variables are presently
unpredictable or else have unknown effects on the houses found in the
Fraser Basin. What is certain, however, is that these variables do affect
the size of damages and their exclusion in any study of potential flood
damages invites criticisms of that study's estimates.

Despite inherent weaknesses in the present analysis, the tech-
niques adopted were the most reliable ones available during the implemen-
tation stages of the program. The study offers a level of generality that

Py

should, on average, outweigh the advantages that a summary of actual

damages inflicted by one specific historic flood might have. Moreover, .
the data base is sufficiently detailed and accurate to guarantee a high
correlation between estimated and actual flood damages in the long run.

Thus, regardless of divergences of actual and computed damages that might

appear during particular inundations, the residential damage estimates
calculated for the Fraser River Basin form a sound foundation upon which

total damage estimates can rest.



- 48 -
CHAPTER IV

COMMERCIAL AND INDUSTRIAL DIRECT FLOOD DAMAGE

INTRODUCTION

All flood damages inflicted on the contents, structures and
property of commercial and industrial establishments are classified as
primary direct damages. They include costs of clean-up and damages to
inventory, equipment, raw materials and buildings.

Past methods of measuring these damages have varied consider-
ably.l/ In some studies, surveys of actual flood damages were carried out.
In others, synthetic damage curves were constructed on the basis of field
surveys of plant lay-outs and conjecture about the extent of potential
destruction. In still others, assumptions were made defining speculative
relationships between plant value and damage at different flood levels.

On the basis of a review of the methods used in these previous
studies, three fundamental procedural deéisions were made in the present
analysis. The first was to develop synthetic démage curves from field
survey information. The second was to group different types of commercial
activities into categories and to compute an average unit-damage curve for
each, The third was to determine industrial damages by surveying every
industry on the floodplain.

This chapter describes how these three general guidelines were’
used to estimate potential industrial and commercial damages in the Fraser
River Basin. It outlines the techniques applied during the field survey,
the development of unit stage-damage functions, and the computation of
total damages.

The results of this analysis are to be used with caution.

Errors in the final damage estimates may be significant. In studies of
this type, the extent of potential flood damage reported by a proprietor
during an interview depends upon his ideas of how he thinks he will react

in the event of a flood. It fluctuates from person to person and firm to

1/ For example see: Acres (1968), Kates (1965), Robertson (1963),
Royal Commission (1958), Stanford Research Institute (1960),
U.S. Corps of Engineers (1965), and White (1964).
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firm. In fact, the only relatively consistent factor unifying the data
gathered in the interviewing process is the research team. And the
accuracy of the entire damage estimate rests on the ténuous premise that
each researcher makes a correct subjective decision about the validity of

a firm's estimate of its probable damage in a hypothetical flood.

e

COMMERCIAL PRIMARY DIRECT DAMAGE

1. ASSUMPTIONS

Since all commercial enterprises on the floodplain are located
behind dykes and since the type of flooding considered in this analysis
would result from a major dyke failure, it was assumed that proprietors
would have no time to remove inventory from their establishments in the
event of a flood.zj Perhaps a few firms located near high ground in
areas such as Mission would be able to evacuate some goods. To the extent <
that this is true, commercial damages are over-stated in this study.
Generally, however, little such evacuation is likely to occur and the use ‘
of average stage-damage curves based on anything but the assumption adopted

could lead to a gross underestimation of commercial damages.

2. DEVELOPMENT OF THE QUESTIONNAIRE AND DAMAGE CATEGORIES

The objective of the field research on commercialéj activities
was to gather enough information on potential damage to allow the
construction of stage-damage curves for several distinct categories of
commercial enterprises. To meet this objective, 15 tentative groups
were formed on the basis of previous reports on the subject (White, 1964;
Acres, 1968). Then, a questionnaire modelled after one used by Acres
(1968: V.2, App. B.8) was drawn up and a pilot survey was conducted at

Mission, B.C. s

2/ This is consistent with the residential content damage estimates.

3/ "Commercial" refers to wholesale, retail and service trades.
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The pilot run revealed two very useful facts. First, it proved
that poor results were obtained when a questionnaire was presented and
explained to a proprietor with the request that it be filled out and
returned by mail. Proprietors responded so adversely to this approach
that the questionnaire had to be remodelled to enable the researchef
himself to take stock of potential damages during the interview (Appendix
B.1). Secondly, it revealed the need for constructing stage-damage
functions for 20 categories within the commercial sector to account for
the diversity of commercial activities on the floodplain.

The final 20 categories for which average stage—damage relation-
ships were determined are the following:

1. Petroleum Services - service stations, bulk oil plant.

2., Financial Services - banks, trust companies, finance

companies.

3. Gfocery Retail - supermarkets, medium-sized grocery store,
corner store, grocery wholesale, confec-
tionery, and liquor stores.

4. Hardware Stores -

5. General Stores — dry goods, feedstuffs (eg. Buckerfields),

‘ and variety stores.

6. Retall Stores - essentially large retail establishments.

7. Furniture and Furnishings - furniture, appliances, carpets,

draperies; also includes paints, television.

8. Small Retail Trade - jewellers, stationery, music stores,

photogréphic, florist, needlework, sporting
goods, book shops, fabric, bicycle and
mower stores, etc.

9. Retail Apparel - men's wear, ladies' wear, and footwear.

10. Mechanical Retail - machine shop, (i.e. wreckers, parts,
body shop, retail - air-cooled engines).

11. Buildiﬁé Supplies - lumber yard (when associated with "do-it-
yourself" type stares), sash and door,
glass - often included mirrors.

12. Contractor Services (small) - electrical, plumbing,

upholstery.
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13. Personal Services -~ beauty salon, barbers, laundromat, dry
cleaners, and funeral homes.

1l4. Recreation Services - theatres, billiard halls, bowling
alleys, ice rinks, bars, etc.

15. Hotel-Motel Services - hotels, motels, autocourts.

16. Transportation and Communication Services - printing, news-
paper, publishers, trucking and freight
services.

17. Professional Services - doctors, dental surgeons, lawyers
and solicitors, veterinarians, optometrists
and realtors

18. Institutional Aspects - courthouse, post office, hospital.

19. Food Services - restaurant, drive-in, coffee shop, cafe,
delecatessen, specialty foods, butchers,
bakers, and similar.

20. Drug Stores - all types and sizes ranging from the very
large to quite small,

3. SAMPLE SELECTION AND USE OF ASSESSMENT ROLLS

Two researchers carried out the field survey of potential
commercial flood damage during May through August, 1971. Data were
obtained for 81 of the 1,150 commercial enterprises located on the Lower
Fraser floodplain. From 1 to 10 establishments were sampled for each
category, depending upon the diversity anticipated within each., Because
of the small sample sizes, random sampling techniques could not be used
effectively in the data collection. Instead, representative selections
were made on the basis of prior information about the types of commercial
establishments in Richmond, Chilliwack and Mission City.

The researchers used two sources to develop a complete list of
floodplain establishments and their structural characteristics. 1In areas
with few commercial activities on the floodplain, ;stablishments were
identified directly in the field. 1In the municipalities of Richmond,
Chilliwack and Delta, firms were first identified through municipal assess-

ment records. The accuracy of these records was then checked in the field.

W
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Assessment records were useful as a source of data on the type
of activity, the address of the.firm, the type of structure, its dimensions
and interior finish, and the value of machinery, equipment and furnjture.
They proved unreliable however, because they.were seldom up-to-date. Con-
sequently, every listing in the assessment cards had to be checked in the

field before a complete inventory could be drawn up for 1971.

4. DAMAGE ASSESSMENT

Prior to the investigation of individual firms, a list of unit
costs of repalring and replacing different structural features of commer-
cial buildings was prepared. The information required for this index was
obtained from the Federal Department of Public Works, private concerns,
and B.C. Appraisal Manuals (Appendix A.3). As the study progressed, the
. list was expanded to include the values of machinery, furniture and
equipment commonly found in stores. This composite list was useful in
untangling conflicting information given by different proprietors and
acted as back-up data for estimating damage to goods whose values were not
known.

During the interviews, the field representatives asked propri-
etors to cooperate by providing information on the value of their inven-
tories, the percentage damageable at each foot of flooding, possibilities
of salvage, and values of equipment and furniture. If such cooperation
was not given, the researchers had to obtain the data by sampling the
inventory in the stores.

The sampling procedure used in the latter case varied with the
type of establishment. However, the general approach was to measure
shelves, racks, countérs and display cabinets and to record the value
of goods found in selected sample areas within each type of display or
storage unit. For example, an inventory of all the goods found on a shelf
within a number of one foot lengths was taken at regular intervals. The
average value per foot of sample shelving was then applied to the entire
length of shelving to obtain the total value of goods in the unit. When
this information was combined with the proprietor's estimate of the pro-
portion of his inventory that could be salvaged, it was possible to

determine the firm's total inventory damage for every foot of flooding.
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Structural damages were estimated by applying re-calculated

unit costs (adjusted for age and quality of the structures) to statistics

on the structural characteristics of the buildings selected in the field
survey. These characteristics included the quéiity, material and area of
windows, walls, doors and floors and the flood depths at which the buildings
would be damaged. The estimates of structural damage were combined with
inventory, equipment and other content damage to form a composite stage-
damage table for each sample commercial enterprise.

"One of the most difficult problems of the field survey was to
determine realistic salvage rates for the many types of goods encountered.
Other studies (White, 1964; Acres, 1968) had identified salvage possibil-
ities for certain goods and these were tentatively accepted in the beginning
of the analysis. However, they were subsequently abandoned because no
establishments in the Fraser Valley could confirm them. The set of salvage
rates finally adopted was based on the consensus that the salvage value

would usually be negligible and only in the following cases would some

W

degree of salvage be possible;

1. Liquor Stores 85-100% salvageable »
2. Hardware 35~ 407% salvageable
3. Jewellers 35- 33% salvageable
4, Sporting Goods 8- 12% salvageable
5. Drugs (including cosmetics) 8- 10% salvageable

5. UNIT STAGE-DAMAGE RELATIONSHIPS

Once total aamages had been tabulated for each sample establish-
ment per foot of flooding, average damage curves were formed for the
various commercial categories. This was done by calculating the damage
per square foot of floor area per foot of flooding for each establishment.
Then the resulting figures were allocated to their appropriate groups and
a simple average damage per square foot per foot of flooding was computed

for each category (Table l).é/

4/ Category 6 had to be determined by averaging 4, 8, and 9 because none
of the stores in this group would cooperate.
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TABLE 1

AVERAGE DOLLAR DAMAGE PER SQUARE FOOT OF COMMERCIAL BUILDING AREA

AT ONE FOOT FLOOD DEPTH INTERVALS

Cumulative Damage ($) per Foot of Flooding

CATEGORY OF
ESTABLISHMENT 1 ft. 2 ft. 3 ft. 4 ft. 5 ft. 6 ft. 7 ft. 8 ft. 9 ft. 10

l.Petroleum

Services 2.6 3.5 4.2 5.0 5.1 5.1 5.1 5.1 5.1 5.
2.Financial .

Services 2.3 3.2 5.3 5.8 5.9 5.9 5.9 5.9 5.9 5.
3.Grocery

Retail 2.3 5.6 7.5 8.5 9.2 9.8 10.1 10.1 10.1 10,
4 ,Hardware 1.9 3.1 5.2 6.4 7.6 8.7 9.9 10.3 10.3 10.
5.General-

Stores 2.2 4,5 5.9 7.0 8.1 9.2 10.0 10.1 10.1 10.
6.Retail

Stores 5.0 10.2 13.0 17.4 19.4 21,1 22.4 23.1 23.1 23.

7.Furniture &

Furnishings 11.3 14.3 18.7 20.5 21.6 22.6 23.2 23.3 23.4 23.
8.Small

Retail Trade 3.9 6.5 9.5 14.4 17.3 20.0 21.1 21.5 21.5 21.
9.Retail

Apparel 9.2 21.1 24.2 31.3 33.2 34.8 36.2 37.4 37.4 37.
10.Mechanical )

Retail 2.1 3.1 4.7 6.6 8.0 9.0 10.1 10.1 10.1 10.
11.Building

Supplies 4.4 4.8 5.3 5.7 6.2 6.7 7.2 7.3 7.3 7.
12.Contractor

Services 2.0 2.7 3.5 4.5 5.7 6.3 6.6 6.9 7.1 7.
13.Personal

Services 3.3 6.6 9.7 10.7 11.3 11.4 11.4 11.4 11.4 11.
14.Recreation

Services 1.3 1.8 3.4 3.6 3.7 3.7 3.8 3.8 3.8 3.
15.Hotel-Motel

Services 2.3 2.8 3.5 4.3 4,5 4.6 4.6 4.6 4.6 4.
16.Transp & :

Communic.

Services 3.4 5.5 7.6 9.6 11.5 13.3 13.3 13.3 13.3 13.
17.Professional

Services 2.6 3.8 4.9 5.9 6.1 6.3 6.4 6.4 6.4 6
18.Institutional

Services 1.8 5.7 7.7 7.8 7.8 7.8 7.8 7.8 7.8 7.
19.Food Services 1.7 3.7 7.0 9.6 10.5 10.5 11.5 11.5 11.5 11.
20.Drug Stores 1.3 3.9 6.9 10.0 14.2 14,9 15.6 15.6 15.6 15,

oy Lt 00
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This method of calculating stage-damage relatidnships is
superior to alternative methods. It avoids biases towards large stores
inherent in techniques in which recorded damages of all sample firms are
summed within a given category and divided by the total floor area
measured in the sample. Moreover, it does not attribute an unrealistic
degree of accuracy to the sample damage estimates. Such would be the case
if the individual damage curves had been weighted according to the size
distribution of the firms on the floodplain.éj For these reasons, the

"mean of means' approach was adopted in the present analysis.

6. ESTIMATING TOTAL DIRECT COMMERCIAL DAMAGE BY DYKING AREA

The total potential commercial damage for each dyking area was
determined in four steps. First, all establishments were assigned to their
appropriate categories. Then, the depth of inundation of each structure

was calculated by comparing floor elevationséj with water surface

contours.—/ Next, floor areas were multiplied by the unit damage estimates.

of Table 1 to obtain the total potential damage for each firm. Finally,
total damages for each dyking district were computed by summing the

damages estimated for the individual establishments (Appendix H.2).

INDUSTRIAL PRIMARY DIRECT DAMAGE

1. ASSUMPTIONS

In assessing industrial damages, generally it was assumed that
no evacuation would be possible and no emergency measures would be under-

taken in the event of a flood. This assumption was made for two reasons.

5/ The same argument accounts for the failure to weight the damages for
each type of activity within each category according to their prepon—
derance on the floodplain.

6/ Spot heights plotted on 1961 air photographs were used to estimate
these elevations.

7/ Water surface elevations of different hypothetical flood levels were
provided by Engineering Division, Water Planning and Management Branch,
Department of the Environment, Government of Canada (1971).

(¥
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First, the type of flooding considered in this study would result only
from a major dyke failure. Secondly, according to the field survey, only
7% of the floodplain firms were concerned about the flood hazard or had
developed any kind of emergency program.

The few industries that were prepared to evacuate their equipment
and materials were assumed to bear evacuation costs rather than flood
damages. These industries were usually located near high ground or could

move their goods to elevated parts of their plants.

2. DEVELOPMENT OF THE QUESTIONNAIRE

A study by Acres (1968) proposed that the most effective way
of obtaining flood damage information from industries was to use an open-
ended interview approach rather than a formal questionnaire. This technique
was initially adopted in the present study and tested in a pilot survey at
Mission, B.C.

' The pilot survey showed that this procedure was inadequate. Not
only were important questions omitted in the interviews, but also, direct
damages were difficult to record. Therefore, a formal questionnaire and
an inventory sheet were drawn up to overcome these problems.

The questionnaire was designed to obtain an industry's struc-
tural characteristics, production, wages and salaries, potential to defer
production, inputs and outputs, inventory value, and assessed plant and
equipment values (Appendix B.2). Answers to all but the input-output
questions were used in estimating primary damages. Those related to
production, wages, and potential to defer were used for calculating both
primary and secondary damages. The input-output data were used for
computing secondary losses and for verifying reported production. The
assessed values, acreage, employment and production were used for checking
the validity of a firm's damage claims and forming a base from which
estimates of damages to non-participating firms could be made.

Of the questions asked, those related to assessed values and
construction materials proved least useful. Replies to queries on
appraised values were inconsistent because different firms reported dif-
ferent types of values for the same items (i.e. depreciated book values,

replacement values or value used for tax purposes). Moreover, municipal
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appraisal records which should have been a good secondary source of
information were too outdated to be of any use. As a result, assessed
values were excluded from the analysis. Statistics on construction
materials were fouhd to be most effectively gathered during the inventory
of damage potential and were therefore redundant in the main body of the

questionnaire.

3. THE FIELD SURVEY

After all industries on the floodplain had been identified from
listings in assessment rolls, from air photos and by field reconnaissance,
the field survey of industrial establishments proceeded in two stages.

The questionnaire was delivered in the first; an inventory of direct damages
was taken in the second.

Initially, the researchers approached a firm with a letter of
int:oduction (Appendix B.3). They arranged an appointment with the manage-

ment to explain the requirements and usefulness of the questionnaire which

-~

they left with the firm to be retrieved at a later date. In the second
stage they took an inventory of potential damage to stock and equipment 4
with the assistance of informed personnel.
This two-stage approach enabled the researchers to obtain direct
damage estimates from 677 of the firms;gl accounting for 82% of the
employees on the floodplain. The response to the‘questionnaire portion of
the survey was slightly better at 70%Z of the industries and 86% of the
employees. This success rate was attained only after companies that had
failed to return the first questionnalre had been sent a revised and con-

densed version (Appendix B.4).2/

8/ 45 of the 268 floodplain firms contacted were really wholesale and
service trades mistakenly assessed as industries in the direct
damage survey (Appendix B.5).

9/ Damage estimate for Kamloops, Quesnel, and Prince George were based
largely on information collected in the Lower Fraser. Only a few
major industrial establishments were actually interviewed to obtain
data on primary and secondary industrial losses in these areas.
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4. INVENTORY OF DIRECT DAMAGES

The objective of the field survey of direct damages was to record
all significant potential flood-induced industfial property losses or the
costs of avoiding these losses. In almost every case, the 1osseé were
counted either as the cost of repairing damaged equipment or as the
depreciated value of that equipment, whichever was less.

Initially, potential damages and repair costs of standard
equipment, furniture and structures were listed in an index similar to
the one used in the commercial survey. This index included items such as
costs of rewinding motors and replacing or repairing windows, doors and
furniture. Depreciation rates were not applied to structural items such
as doors and windows; Instead, their replacement values were equated to
the costs of typical modern structural furnishings.

Unit costs were listed in a form that could be used in the field.
For example, the costs of rewinding or replacing motors were associated
with motors of various horsepower and RPM, the costs of replacing windows
were recorded as dollars per square foot of window area, and the value of
chairs (along with depreciation rates) were indexed by type. Thus the
interviewers were provided with a "rule-of-thumb guide" to costs that
could be used to estimate damages to goods common to most industries and
to fill gaps in information that firms were unable to provide.

Because some industries chose not to participate in the study,
their potential damages had to be estimated from other data. Wherever
possible, these estimates were based on information obtained from indus-
tries of like fuﬁction and size. However, if no similar establishments
- had been surveyed, damages were computed by using average unit-damage
functions.

These average unit-damage functions were determined for several
industrial groups classified according to the 110 categories defined in
The Input-Output Structure of the Canadian Economy (D.B.S., 1968: V.2)lg<
Field survey data were used to calculate three different functions. These
were: 1) damage per employee, 2) damage per acre of land in use and

3) damage per square foot of plant area.

10/ A list of these industries is presented in Appendix B.5
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Unit-damages were sometimes difficult to estimate because damages
had not been recorded over the same range of flood depths for all industries.
For instance, some industries were expected to be flooded by one foot of
water and others by 10 feet in a 26 foot flood. Thus, for some industries,
damages were assessed for only 1 foot of flooding while for others, they
were estimated for every foot of flooding between 1 and 10 feet. Another
problem was that industries located on slopes could not be included in
unit-damage estimates because often only a portion of the plant would be
subject to flooding; depth-damage relationships were meaningless in such a
lay-out. These irregularities, coupled with differences among plant lay-
outs, made it extremely difficult to provide consistent estimates of damage
that could be applied to non-participating industries. Nevertheless, the
tables in Appendix B.6 were constructed from selected statistics to repres-

ent "typical" industries in several important categories.

5. 'ESTIMATING TOTAL DIRECT INDUSTRIAL DAMAGES

Ul

Total direct industrial damages were calculated for various flood
levels for each dyked and undyked area by summing the damages estimated for
individual firms (Appendix H.3). Damages to individual firms in a given
flood were determined by combining depth-of-flooding information with
stage-damage data gathered in the field survey. The depth of flooding was
estimated for each plant by comparing floor elevations with water surface

11
contours.—

SUMMARY

Primary direct commercial and industrial flood damages are
damages inflicted on the structures, contents and property of establish-
ments located on a floodplain. In many areas they are the most important

source of potential flood losses, but in the Fraser Valley they rank

11/ The water contours were taken from the same 1:25,000 maps that were
used in the residential and commercial damage surveys and prepared by
the Engineering Division, Department of the Environment. The eleva-
tions of the buildings were established by surveyors who related them
to benchmarks in the area.
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second to residential, comprising about 177 of the total damage potential
(Appendix H.9). '

The most salient feature about primary direct commercial and
industrial flood damages is their diversity. This feature makes predic-
tions of losses in a generalized model difficult and has led to a wide
range of results in past analyses.

In the present study, commercial activities were grouped into 20
categoriés. A 7% sample of floodplain activities was taken to determine
the average damage that establishments falling within each category would
suffer when subjected to given depths of flooding. The average damage per
square foot of floor area was calculated for each category and applied to
all firms within the floodplain to obtain the total commercial direct flood
damage for selected flood levels.

In the case of industrial damages, all industries on the flood-
plain were contacted and an inventory of potential damage was taken to
provide the basis for estimating total direct industrial damages in selec-
ted floods.

CONCLUSION

The inaccuracies of the procedures used in the present analysis
to estimate commercial and industrial damages have been stressed frequently.
They have been emphasized to impress upon the reader that the resulting
"point" estimates really are "best" estimates representing a broad range
of damages that could occur during specific floods,

In future, more detailed studies might yield more accurate
assessﬁents of damages in the Fraser Valley. A larger number of commercial
establishments could be examined and additional categories formed. A
meticulous item-by-item inventory of all contents and structural charac-
teristics of industries could be taken. But the final answer would
probably not prove significantly more reliable than the one derived in

this study.
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Many uncertainties inherent in flood damage estimates would
remain. Factors such as the probable effects of water on materials and
equipment, the depreciated and salvage values of goods, and the responses
of entrepreneurs to floods would still require speculative, subjective
judgements. Moreover, the host of localized flood conditions listed in
Chapter III would continue to defy prediction.

When the results of this analysis are considered in the context
of these uncertainties, they appear to be well within the range of accuracy
possible in estimating flood damages. In fact, a more extensive survey
and greater expenditures on collecting data would be very difficult to

justify.

Y

«
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CHAPTER V

AGRICULTURAL FLOOD DAMAGE

INTRODUCTION

Floods can cause severe damages to agricultural operations on a
floodplain. These damages can include crop and equipment losses, reduc-
tions in the productive capacity of livestock, premature slaughtering of
poultry, and extra costs of importing feed to replace that lost during a
flood.

Since most of the best agricultural land in the Lower Mainland
lies on the floodplain, a major flood could cause significant agricultural
production losses in British Columbia. Because these losses could be sub-
stantial, an error in estimating them could seriously affect the precision
of an estimate of total flood damages in the Valley. This is especially
true for some dyking areas in which the agricultural sector accounts for as
much as 30 or 40% of the total flood damages. Therefore, accurate assess-
ments of agricultural losses are important in a study of potential damages
in the Fraser Valley.

This chapter describes the methods used to derive estimates of
potential agricultural damages in the Fraser Basin. Since past studies
of agricultural losses are fairly comprehensive, the current analysis
draws heavily upon them. The Fraser River Flood Control Benefit Study
(Robertson, 1963) was particularly useful in supplying both basic data
and methods of analysis. Where 1963 data were inadequate, markéting
boards, government agronomists and individual farmers were consulted for

additional information.

ASSUMPTIONS

Following the guidelines of the 1963 Benefit Study (Robertson,
1963: App. A, H and J), it was assumed that (1) on average, floods
would begin on June 1, (2) all work would proceed normally up to June 1,

and (3) all livestock would be safely evacuated in the event of a flood.
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o AGRICULTURAL FLOOD DAMAGE AND INCOME LOSS

1. CROP LOSS

The most appropriate way of computing total potential crop
damages in various floods is to base estimates on the average loss per
acre. Although researchers could identify and record damages to crops
on individual farm plots in a field survey, these data would be useful
only for a specific point in time. By using the average damage per acre
for a given floodable area, analysts can allow for annual changes in
patterns of land use without placing excessive weight on existing patterns.
They also can gather and synthesize data more rapidly than would otherwise
be possible. For these reasons, in the present study, the weighted
average damage per acre of agricultural land was determined for each dyking
area and used as a basis for estimating total potential damages during

different floods.

a, Crop Damage Categories

Before average losses per acre could be calculated for
specific regions, it was necessary to estimate potential damages
for individual crops or crop groups. Where data were available,
damages were computed for individual crops which had distinct produc-
tion functions. Damages were estimated for oats for hay, corn for
ensilage, strawberries, raspberries, hops and vegetables (Appendix
C.1). However, separate damages were not calculated for every crop
type. Where data were inadequate or where crops were expected to
suffer damages similar to other crops, they were grouped into
categories for which average potential losses were estimated. All
cereal grains, for example, were placed under the general heading
"grains'. Other categories identified were tame hay and legumes,
pasture, tree fruit, other small fruit, nursery products, and green-

house products (Appendix C.1).

b. Crop Damage per Acre

Per acre flood losses were established for annual crops by
taking the average gross return per acre for each crop and subtract-
ing the non-labour costs (i.e. machine time, gasoline, fertilizers,

insecticides, etc.) avoided when operations are interrupted by

[#]

)
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flooding (Appendix C.1l). The gross return per acre is the income,
including returns to land, management, labor and capital, generated
by a farming operation, If a flood completely destroys a crop, a
farmer loses all income attributable to that crop. However, he will
not have realized all of his normal annual costs of materials
(fertilizers, sprays, containers, sacks and gasoline) and equipment
(wear, repairs and depreciation) before the flood occurs. Therefore,
his total loss is less than his normal annual income by the size of
the expenditure he fails to incur.

It was more difficult to determine the damage per acre of
perennial crops because the annual income needed to retire the initial
establishment cost over the life of the plants had to be calculated.
Plants, such as raspberries, strawberries, pasture and tree fruits,
require an establishment cost before they yield an annual return over
a specified number of years. This cost is normally amortized over

. the expected'productive cycle of the plants and specified in annual
terms. Therefore, when a field is flooded and perennial plants are
destroyed, the loss per acre includes both the normal gross income
for the flood year and the unretired establishment cost.

Ideally, the unretired portion of the debt associated with
the flooded crop can be determined if the ages of all crops are known.
However, since these data were unavailable for the Fraser Valley, the
loss was estimated on the basis of the assumption that all plants would

be mid-way through their productive cycle when flooded (Appendix C.1).

¢, Crop Mix by Dyking District

Agricultural data required to estimate the relative impor-
tance of each crop or crop group within individual dyking areas were
obtained from Statistics Canada and the British Columbia Department
of Agriculture. Statistics Canada supplied information on the number
of acres under different crops in all Enumeration Areas (E.A.'s) on
the floodplain.l/ Since Statistics Canada did not provide an adequate
breakdown of all crops (eg. vegetables were lumped together), addi-
tional data were obtained from the British Columbia Department of

Agriculture.

3/ Unpublished data collected by the Dominion Bureau of Statistics for
the 1966 Census of Canada, Agriculture.
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The information from the two sources formed the basis for
describing the agricultural characteristics of twenty dyking districts
listed in Appendix C.2. The percentage crop mix within each district
was determined by dividing the acreage under individual crops by the

total agricultural acreage in each area (Appendix C.2).

d. Average Crop Loss per Acre by Dyking District

To determine the weighted average damage per acre of
agricultural land in each dyking area, estimates of the loss per
acre for specified crop types (Column 5, Appendix C.l) were multiplied
by the percentage of farmland occupied by these crops in each of
these areas (Appendix C.2). The resulting values were summed to

2/

obtain a weighted average for each area (last row, Appendix C.2).~

e. Estimating Acres of Floodable Agricultural Land and Total Crop

Damage
Air photographs (1969; scale 1:6,000) and 1966 Statistics

Canada data were used to estimate floodable acreage. The accuracy of
the Statistics Canada data was checked by planimetering several E.A.'s
outlined in the air photographs. Since differences between the two
sources were insignificant, census data were adopted wherever feas-
ible. However, if census Enumeration Areas did not lie completely
within floodable regions or had experienced urban development after
1966, the agricultural acreage had to be determined by planimetering
relevant areas. Once the total acreage floodable in each dyking
district had been calculated for different flood levels, it was mul-
tiplied by the appropriate estimate of damage per acre to derive the
total potential crop damage during various floods (Appendix H.2).

2. LIVESTOCK LOSSES

a. Dairy Production

Although it was assumed that all dairy cows would be evac-

uated safely from floodable areas in the event of a flood, it was

2/ A sample of the process is illustrated in Appendix C.3.

ol
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recognized that their evacuation would cause a substantial reduction
in milk production. This reduction would arise as a result of reloca-
tion problems including changes in the cows' daily routine, erratic
and perhaps reduced feeding, crowded conditions, and lack of milking
facilities. .

In 1963, officials of the British Columbia Department of
Agriculture estimated that evacuated cows would lose 22.2 pounds of
milk per day (Robertson, 1963: Appendix J). To obtain the total
loss per cow, the 1963 Benefit Study combined this estimate with the
assumption that losses would occur for 45 days.

Although dairy specialists (British Columbia Department of
Agriculture, 1971) confirmed the 1963 conclusion that milk production
would be negligible during the flood period, current estimates of
milk losses differ from those of 1963 in several ways. First, the
average daily production per milk cow in the lower Fraser has risen
by one third,éj so that the potential daily flood-induced loss is now
33 pounds per cow. Moreover, the weighted average price of bulk milk
paid to producers is $6.10 per hundred pounds (1971).&/ Finaliy,
present estimated losses are based on the assumption that cows would
be relocated whenever farm buildings\were inundated and would produce
no milk during the flood period (Appendix E.3) and for 30 days
thereafter.

Records of the British Columbia Department of Agriculture,
Dairy Branch, provided the information required to estimate the number
of cows to be evacuated from each floodable area. By combining this
information with calculations of the loss per cow, the total value of

milk losses was derived (Appendix H.5).

b. Beef Cattle Production

The procedure used to determine losses of beef production

in the present analysis closely follows that of the 1963 Benefit Study

3/ Average annual production was reported to be 12,000 pounds per cow in
1971 (personal communication with Department officials).

4/ 60% of the milk delivered in the Fraser Valley is Class 1, and 40% is
Class 3.



- 67 -

(Robertson, 1963: Appendix J). As in 1963, it was assumed that
evacuated beef cattle, while absent from their normal. feeding areas,
would fail to gain 1.5 pounds per animal per day. In 1971 prices,
this is the equivalent of $0.48 per head per day.éj The total loss
per aniﬁal for specified flood levels was assumed to be a direct
function of the duration of flooding (Appendix E.3) plus a two week
allowance for both the movement of stock and the post-flood prepara-
tion of fields. To determine the total loss by dyking area, the
estimated 6,000 head of beef cattleé/ on the Lower Fraser floodplain
were allocated among dyking areas according to the proportion of

cultivated acreage in each (Appendix H.5).

c. Hog Production

Based on the findings of the 1963 Benefit Study (Robertson,
1963: Appendix J), it was assumed that hogs would fail to gain weight
only when they were being transported to and from their farms and not

| during the entire flood period. Therefore, the loss per hog during

a flood would be only 17 pounds valued at $0.30 per pound in 1971
(Canada Department of Agriculture, Livestock Divisionm).

The British Columbia Department of Agriculture, Livestock
Branch, provided accurate data on the number of hogs in each dyking
district. This information was combined with the estimated loss per

hog to determine total potential damages by dyking area (Appendix H.5).

3. POULTRY LOSSES

While the 1963 Benefit Study (Robertson, 1963) proved a valuable
point of departure for establishing poultry losses, the methods used and
the results obtained in the current analysis are distinct. They are the
product of extensive consultation with officials of Marketing Boards and
the British Columbia Department of Agriculture.

Two general assumptions were adopted and applied to the entire

poultry industry. The first is that high costs of transportation and the

5/ Personal communication, Canada Department of Agriculture, Livestock
Division.

6/ Personal communications, B.C. Department of Agriculture.
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possibility of disease arising from excessive crowding would prevent any
evacuation of poultry from floodable areas. The second is that although
many birds would be mere chickd, their loss should be measured as the
value of mature birds (less any feed costs not incurred) to account for
the unretired portion of a farmer's investment and his loss of anticipated

income.

a. Broiler Production

A flood would cause only a partial loss of the income
normally generated in broiler and fryer operations. Since broilers
require only 8 weeks to reach market size, farmers would slaughter
and sell all birds older than 5 weeks. 1In this way, they could
recover one-third of their normal gross output (B.C. Department of
Agriculture). Birds less than 5 weeks old would be too small to
salvage.

Because floods would likely affect production for no more
than 8 weeks in any area in the Fraser System, it was assumed that the
total loss in any flood would not exceed two thirds of the value of
birds on hand at the time of inundation. The 1971 value of the
lost production would be $0.63 per bird (B.C. Broiler and Fryer
Marketing Boards). Total losses by dyking area are presented as

part of "Other Agricultural Damages' in Appendix H.5.

b. Egg Production

Floods would seriously affect egg production on the flood-
plain. Since hens would not lay during the flood period and for
about 8 weeks thereafter,zj their evacuation would be uneconomic
(B.C. Department of Agriculture, Poultry Branch). Therefore it was
assumed that all hens in the inundated areas would be sent to the
slaughter house. Because hens do not begin laying until they are
six months o0ld and because their average productive life is only

one year, it was estimated that a farmer would lose about one half

7/ Poultry officials with the B.C. Department of Agriculture indicated
that laying hens would go into moulting for 8 weeks following a
relocation.
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of his annual egg production.§/ Estimates of the total value of

lost egg production by dyking area are shown in Appendix H.5.

c. Turkey Production

Although it would not be feasible to evacﬁate turkeys,
floods would inflict ohly small losses on turkey producers for two
reasons. TFirst, only part of the normal annual income derived from
turkeys would be lost in the event of a flood. Even with a two-month
interruption, the seasonal nature of the turkey industry gives
farmers the flexibility needed to satisfy all of the Christmas and
probably part of the Thanksgiving market demands. Secondly, birds
eleven weeks and older could be slaughtered and part of their normal
value could be recovered. For these reasons, it was assumed that
only three months of production would be lost.

The total loss by dyking area was computed on the basis of
Marketing Board production statistics. The 1971 unit loss was

" estimated to be $2.90 and $1.20 for large and small birds respec-

tively.gj

4, EXTRA FEED COSTS

Flooding would destroy stored feed and eliminate a large portion
of British Columbia's fodder-producing capacity, thereby causing substan-
tial increases in feed costs in the province. Because B.C. Department of
Agriculture officials felt that inundated fodder crops could not be re-
placed with new production until the year after a flood had occurred, it
was assumed that livestock would have to be supplied with feed from
alternative sources for one year. Since most of this feed would be impor-
ted from out-of-province areas, its cost to farmers would be higher than
normal. Department officialslg/ suggested that increased demand from
flood-stricken areas would force the normally high price of imported hay
even higher by 25%. Therefore, the additional cost of feed to farmers

was estimated to be $20 per ton of hay equivalents.

8/ 1971 producer's prices were $9.50 per case of 30 dozen (B.C. Egg
Marketing Board),

9/ Producer's prices reported by the B.C. Turkey Marketing Board.

10/Personal communication.

«
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Estimates of floodable agricultural acreage (Appendix C.2)
formed the basis for determining additional feed requirements that would
arise in the event of a flood. The total extra cost of feed was computed
by combining the acreage under various crops in each dyking district, the
physical yields per acre of fodder crops converted to hay equivélents
(Table 2), and the additional cost per ton of hay equivalents ($20) that

would be incurred when floodplain fodder is destroyed.

TABLE 2

ANNUAL '"HAY EQUIVALENT" YIELDS OF VARIOUS FODDER CROPS

(Tons/Acre)

Crop Hay Equivalent
Grains, Pasture 3 tons
Tame Hay, Legumes 4 tons
Corn 6 tomns
Rough Pasture 2 tons

5. DAMAGE TO MILKING EQUIPMENT

Damage to milking equipment was determined by up-dating the
results of the 1963 Benefit Study (Robertson, 1963: Appendix C). In the
1963 report, damage and rehabilitation costs for milking equipment were
estimated to be $15 per milking cow. This was based on the assumption
that damage would be 30% of the capital cost of milking equipment. The
1971 value of damage, therefore, was estimated to be $20 per cow.l;/

This was combined with data on the number of dairy cows(provided by B.C.
Department of Agriculture) to obtain the total damage to milking equipment

by dyking district.

11/ This was derived by raising the 1963 price by 3% per annum
(Appendix G.6).
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6. LIVESTOCK EVACUATION COSTS

Three general assumptions underlie the estimates of livestock
evacuation costs in this study. First, a flood on the Lower Fraser would
cause the complete evacuation of livestock from inundated areas. Secondly,
the animals would be moved to the nearest safe and accessible areas

available. Thirdly, an equal number of producing and non—producing cows

would have to be evacuated.

Probable unit costs of evacuation were taken directly from the
report "Flood Control Benefit Study of Fraser River Below Hope" (G.E.
Crippen and Associates, 1972: Table F.3). These costs were recorded as

follows:

Livestock Transportation Cost Per Head
Dairy Cattle $ 6.00
Beef Cattle $ 1.60
Hogs $ 1.00
SUMMARY

Since most of.the best agricultural land in the Lower Mainland
lies on the Fraser floodplain, a major flood could cause significant
agricultural production losses in British Columbia. Direct agricultural
losses comprise 16Z of the total potential flood damage in the Fraser
Valley, ranking close to commercial and industrial damage in size
(Appendix H.8). ‘ ,

Estimates of potential agricultural losses can be made rapidly
and accurately on the basis of generalized unit-damage models. Both the
speed and the precision with which estimates can be made are crucial
features of the methods used to calculate agricultural losses in the
Fraser Valley.

In the present study, the average damage per acre of farmland
was determined for individual dyking districts by combining data on the
crop mix iIn each area with estimates of the damage likely to be inflicted
on different types of crops. The resulting weighted average was then
multiplied by the total acreage floodable in each area during various floods

to obtain total crop damage.

L]
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Total livestock ‘production losses were derived mainly from
estimates of weight losses per animal established in the 1963 Benefit
Study (Robertson, 1963). The 1963 figures were updated to account for
productivity and price changes.

The British Columbia Department of Agriculture, and Turkey,
Broiler and Egg Marketing Boards contributed much towards assessing
potential production losses in the poultry industry.

Extra costs of importing feed, repairing damaged milking equip-
ment and evacuating livestock were determined on the basis of earlier
reports, and with the assistance of the British Columbia Department of

Agriculture.

CONCLUSION

The methods used in this study to estimate agricultural
damages are believed to yield reliable results. A greater expenditure
of time and elaboration of detail would have dubious benefits.

The technique devised to determine crop damage appears to be
particularly effective. Crop damage estimates are probably very accurate.

Appraisals of other potential agricultural damages are more
tenuous because they are dependent upon numerous assumptions. However,
unless good historical records are available, the application of alternative
methods of gathering and synthesizing data is unlikely to produce signif-

icantly better estimates.



CHAPTER VI

PERMANENT INCOME LOSSES INFLICTED BY A FLOOD

ON THE BRITISH COLUMBIA ECONOMY

INTRODUCTION

Income losses in flood damage studies are normally classified
as "primary" or "secondary". The former refers to losses incurred by
floodplain activities forced to shut down because of a flood., The latter
includes losses born by non-floodplain firms forced to reduce production
when a flood destroys their markets or sources of raw materials.

This chapter describes the methods and assumptions used to
estimate primary and secondary losses in the present study. Because the
problem of identifying such losses is complex, the chapter outlines the
rationale underlying the selection of assumptions, reports the qualitative
responses of managers of firms that assisted the analysts, justifies the
methods used to determine estimates of losses, and indicates the accuracy

and significance of the results.

THE REFERENT GROUP AND THE ADMISSABILITY OF INCOME LOSSES

The point of view from which flood-inflicted income losses are
assessed is a critical factor affecting the size of such losses. Since
the referent group in this study is British Columbia, only the income
portion of production losses that can neither be deferred nor transferred
to parties within the province is an admissable income loss. Production
(and income) transfers between two parties within the province represent
redistributions of income and not net losses to B.C.

Mandatory delays and transfers of production can, however,
inflict some costs on the economy. One such cost is the hardship suffered
by those whose income is transferred to others within the province: but
because this hardship is off-set by the benefits accruing to those to
whom the income is transferred, no net loss can be recorded. The only

costs of production delays and transfers representing a real loss to the

)
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economy as a whole are frictional costs.l/ In this study, tﬁese costs
have been estimated to be 27% of the value of transferred or deferred
production (Kates, 1965: 54).2/

True income losses, both primary and secondary, are represented
by returns to labour, land and capital permanently lost to the province
during a flood. They vary directly with the size of production losses and
are confined almost entirely to certain types of industries. They origin-
ate in floodplain industries whose productive capacities, markets or
raw material sources are so inflexible that British Columbia establishments
cannot recoup flood-induced losses by deferring production or by trans-
ferring it from one firm to another.

The trade sector would not realize true income losses. The
disruption of normal sales of wholesale, retail and service trade
establishments located on the floodplain would not constitute a net loss
to British Columbia because such sales can be either deferred or trans-

ferred to non-floodplain firms.

BIASES IN INCOME LOSS ESTIMATES

In the present study, three upward biases in estimates of income
losses arose because of data limitations. These limitations were related
to problems in determining the foreign component of income losses, the
importance of imports, and the potential of industries to defer or transfer
disrupted production.

The first bias was introduced when all permanent losses of
British Columbia-based industries were counted as income losses even
though returns destined for out-of-province investors should have been

subtracted from the total.éf This error could have been corrected by

1/ Frictional costs result because transfers in space involve extra
transport costs, and transfers in time (deferrals), increased produc-
tion costs.,

3/ It was functionally convenient to assess transfer costs and income
losses simultaneously even though the former are not true income
losses.

3/ This is true only to the extent that dividends paid to non-residents
would not normally be re-invested in British Columbia.
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conducting a complex and costly assessment of the foreign component of
income losses. Because the results of such an assessment would have
‘been tenuous, and because they would have had only a minor effect on the
estimates of total potential flood damage in the basin, this bias was
ignored.ﬁ/

The second exaggeration in the estimates of income losses
arose because the impact of import leakages was excluded from the analysis
of secondary losses. In the publication "The Input-Output Structure of
the Canadian Economy, 1961" (D.B.S., 1968), impact tables show that the
income-generating capacity of an expenditure of one dollar in final demand
varies among industries from $0.80 to $0.90 when allowances are made for
import leakages (D.B.S., 1968: Table 16, V.2). While not directly
applicable to the British Columbia economy, this information does indicate
the magnitude of the import-component of final demand. If it were
relevant at the provincial level it would imply that (other things being
equal) for every $1.00 of production permanently lost to the province
when an industry is flooded, $0.80 to $0.90 would represent the total
primary and secondary income loss. Since no such information was
available for B.C., however, no allowance could be made for import
"leakages; net income losses have been overstated accordingly;é

The third upward bias occurred because the potential of some
industries to defer or transfer production was unknown. Since it was
possible to identify the transferable and deferable portion of primary
losses in the field survey, a large part of this bias was eliminated.
However, the ability of indirectly affected industries to find new
markets and sources of raw materials was not usually determined so that

some exaggeration remained in the estimates.

4/ It should also be noted that there might be an influx of foreign
capital to replace industrial property destroyed in a flood. This
would mean that industrial property damages have been overstated in
Chapter IV in the same way that income losses have been exaggerated
in the present chapter.

5/ Foreign industries supplying goods to B.C. firms would suffer losses
inadmissible in a net benefit study of the B.C. economy. Nevertheless
these losses would be more than simple transfers because they would
be felt in Canada's balance of payments accounts.

-}
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Because of the incomplete data base and inflationary biases
described above, several assumptions were adopted to provide consistent,
basic guidelines for determining legitimate income losses. Although,
individually, some of these assumptions either inflate or deflate potential
income losses, they were selected as a whole to present an accurate picture

of potential net income losses in British Columbia.

GENERAL ASSUMPTIONS GOVERNING THE IDENTIFICATION OF INCOME LOSSES

Because of the danger of inflating secondary damages, it usually
was assumed that income losses would be incurred only by floodplain
industries and their immediate British Columbia suppliers. While permanent
potential losses were specifically identified for floodplain industries,
all losses of input industries were simply accepted as being permanent.
Potential losses of third and subsequent round industries were ignored.

Normally, it was assumed that industries dependent upon flood-
plain firms for their inputs would not suffer income losses. This was
considered reasonable because firms would be able to find alternative
suppliers of inputs more easily than markets for their oﬁtputs. However,
this assumption proved invalid for the dairy, egg processing, and fruit
and vegetable processing industries in the lower mainland. Because of
their heavy reliance on floodplain agricultural production, these indus-
tries would not likely be able to find substitute sources for all produce
lost in a major flood. If the necessary agricultural products could not
be obtained from other areas, food processing industries and their
suppliers would incur sizeable permanent‘income.losses. In such cases,
the general assumption that income 1ossés in forward linkages would be

negligible was relaxed and specific losses were estimated.
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ESTIMATING PRIMARY INCOME LOSSES

1. METHOD

Returns from questionnaires issued in the industrial survey

.

(Appendix B.2) formed the basis for estimating primary income losses.
Only 70%Z of the surveyed industrieséj provided useful information about
the value of their output and their ability to defer or transfer production.
The income portion of this production (value added by manufacturing) was
determined by combining survey information with other data relating numbers
of employees to output in various industries;zl In this way, reasonable
estimates of production, income and permanent flood-induced losses were
obtained for the floodplain.éj

The total time lost by each industry as a result of a flood was
calculated by adding an allowance for clean~up to the number of days
during which each industry would be flooded and inaccessible. It was
estimated that five to ten production days would be needed for clean-up
operations. The exact time requirement would depend upon the depth of

flooding above the main floor and the type of plant.

o

The period during which industries would be flooded and
inaccessible was assumed to be a function of the river hydrograph
(Appendix E.3) and road and land elevations. Generally, it was assumed
that flooding would begin when the river reached the confidence levels
of dykes and that industries would be inoperable as long as they or major
roads remained inundated. This general assumption was relaxed in areas

of extreme tidal influence (Richmond and Delta). 1In these areas, it was

g/lAccounting for 86% of the employment of the significantly affected
industries on the floodplain.

7/ The principal sources of these data were: The Input-Output Structure
of the Canadian Economy 1961: Vol. 2, Table 14 (D.B.S., 1969);
Manufacturing Industries of Canada, Section F, 1968 (D.B.S., 1971);
and Key Business Ratios in Canada (Dun and Bradstreet, 1968).

8/ All industries were assessed individually. Their abilities to transfer
or defer production were established on the basis of their production
capacities, products, and relative importance in the province. <
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assumed that any breaches that might occur in dykes during floods of

less than 24 feet would be repairable during low tide periods and that

flooding would last a maximum of ten days.

2. PRIMARY INCOME LOSSES - OVERVIEW

The level of accuracy of estimates of permanent production losses
is unknown. According to most company officials,gj such losses would
depend on too many uncontrollable and extra-provincial factors (including
national economic conditions) to be reliably predictable. Many companies,
whose markets are local and specialized, expected to be able to defer all
production losses not transferred to other British Columbia firms. Others,
whose local sales can easily be replaced by imports (eg. meat packers),
believed that any disruption would result in a complete loss to the
province. Still others, whose products compete in world markets, thought
that unfilled out-of-province orders would be transferred to foreign
competitors and lost to British Columbia.

In the present analysis, many refinements of estimates of the
effects of flooding on production were made for individual firms within
each broad industrial class. Some were based on responses of these firms
and others were subjectively determined by the analysts. 1In all instances,
however, a high degree of subjectivity was invol&ed and the resulting
"best estimates" of primary and secondary income losses are simply rough
"order-of-magnitude" approximations of the true losses (Appendix H.6 and
H.7).

3. PRIMARY INCOME LOSSES - SPECIFIC INDUSTRIAL GROUPSEQ/

a. Sawmills and Shake and Shingle Mills

Results of the industrial survey indicated that if all
vulnerable Lower Fraser lumber mills were inundated simultaneously,
an average of 55% of their lost production would be permanently

forfeited to out-of-province firms. There are two reasons for this

9/ Personal communication, field survey.

10/ Industrial groupings are listed in Appendix B.5.
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loss being permanent. First, the international lumber market is so
competitive that foreign sellers would capture most orders unfilled
because of minor delays of‘British Columbia shipments. Secondly,
since floodplain industries produce roughly 15 to 20% of the coastal
lumber, énd since a flood would occur during the peak production
period, unaffected British Columbia firms would not likely have the
capacity to compensate for lost production on short notice.

Such extensive losses would be sustained only if all dykes
in the Lower Fraser were to fail, causing the coincidental inundation
of all floodplain lumber industries. This event is very likely to
occur when water levels exceed 26 feet. However, when the river
peaks at levels much lower than 26 feet, there ié little chance that
it will happen.

Because no information existed for estimating the probability
of total flooding, two arbitrary assumptions formed the basis for
determining permanent income losses in the lumber industry. One
assumption was that, because upgraded dykes in the Lower Fraser would
provide reliable protection to the 24-foot water level, no permanent
production losses would occur in floods of less than this magnitude.
The other was that all water levels of 24 feet and more would cause
permanent losses of the size indicated in the returned questionnaires.

These assumptions, although arbitrary, provided a realistic
foundation for the estimates of income losses. The first was
apprbpriate because, even if a dyke were to fail at water levels
below 24 feet, it would be protecting only a small portion of the to-
tal coastal lumber industry. British Columbia firms could therefore
adjust their inventories to compensate for lost production at no
extra cost. The second assumption, while tending to exaggerate
permanent losses, was also reasonable because the closure of major

producers on Lulu Island, the North Bank of the Fraser, or in Surrey
.would have a serious impact on British Columbia's lumber industry.
And the losses caused by their closure would be enhanced by the
simultaneous disruption of production of smaller firms in other

areas.
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-b. Paper Box and Bag Industry

Returns from the industrial survey indieated_thet-British
Columbia would suffer permanent. income. lesses if paper box end bag
industries were forced to halt productlon. Three reasons were given
for the losses. 1) Brltish Columbia s maJor paper box and bag
producers are loeated on Lulu Island. 2) Markets for their
products are typically of a "short—order demand" nature.

3) Producers carry very little inventory. Theréfere, it wae concluded
that B. C firms would be unable to fill any of the 1mmed1ate excess
market demands created by a flood-orlglnated closure of manufacturers
of these paper products.ll/'

~ Determining t1me-outage for this industry was very difficult.
Although plant managers stated that any damage to their highly
specialized equipment Egglg_mean cut-backs or shutdowns of six months
or mere; they aiso agreed that they might clean and utilize damaged
machinery on a temporary basis. Furthernore, it wae‘found that only
one major producer was likely‘to suffer serious flooding Therefore,
although there was a danger of underestimating losses, it was assumed
that the paper box and bag industry would require only 10 production

days for cleaning up and making.repelrs once flood waters receded.

c. Plywood Manufacturers

All Lower Fraser plywodd manufacturers potentially
af fected by flooding claimedbthat most'prqduetion losees could be
either deferred or transferred to-B.C; firms.ﬁ They suggested that
the only poseible problem wouid be a-ioss-of fereign markets,
Their estimates of permanent 1oeses‘to out —-of-province firms, which
ranged from 0 to 10% of the value of the production prevented during
a flood, were adopted in this study. _ 5

The total time-outage anticipated for these firms was
established by combining the expected number of days of inundation
with the standard 5 to 10-day clean-up allowance. As in the case

of paper products manufacturers, the shut-down period of plywood

\

}gj'Some companies indicated that their diversification would enable

them to defer a portion of their gross production losses. These
anomalies were accounted for when losses were being estimated.
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producers may have been underestimated. However, since no plywood
plants would undergo more than a foot or two of flooding, no

additional allowance was made for clean—up time.

1
s

d. Meat and Fish Processing Plants

Managers of meét processing plants stated that imported
meat would immediately fill any market voids created by delays in
shipments induced by production set~backs. Consequently, it was
assumed that all production and income (value added) losses
inflicted by a flood on British Columbia meat processors would be
perﬁanent. _ '

A field survey of fish processing plants showed most
factories to be sufficiently elevated to escape serious flooding,
even during major inundations. Thus, it was assumed that most
producers, although surrounded by water, éould maihtain full produc-
tion because they would still have'écéeés to their wharves during a
flood.ig/ Losses of the few minor processdrs that would actuallf

suffer significant flooding were also discounted because their

production could be transferred to other planté in British Columbia.

e. Fruit and Vegetable Processors

Fruit and vegetable processors located on the floodplain
would have to shut down their Operations'during>a flood. However,
even British Columbia processors'ndt_éituated 6n thé‘piain would
suffer production losses because their”soprces of raw materials
would be inundated. Therefore, primary iﬁcbmeIIQSSes inflicted on
floodplain factories were not specifically identified. Instead,
they were included in estimates 6f secondary losses resulting from

the flooding of agricultural land.

f. Other Industries

No "typical" income losses could be ascribed to other

classes of floodplain industries. Even within classes such as

12/ 1f electricity were cut off, this assumption would become invalid.

However, because June is a slack month, the fish industry could
absorb the fish supply even if some firms were to lose their power.

=
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"Sash and Door and Planing Mills", "Boat Building" and "Metal
Fabricating" no standard portion of production losses could be
ldentified as being.permanent., Therefore, industrial managers and
the field team had to estimate lbsses,by examining each establish-

ment individually.

SECONDARY ‘INCOME LOSSES

1. METHOD

Many sonrces in addition to direct field observations were used
in this study to derive secondary losses. Firms accountlng for 667% o
the total employment of floodable industries dld answer questlons concern-
ing backward 11nkages; their responses'gig_reveal many_of their purchases
and out—of-oroyince sources of materials. -ﬁdwever, firms often reported
oniy their Egigi inputs,'and notutheir'full_range of purchases. Therefore,
gaps in field survey information had to Be'filled with simulated data
based upon 1ndustrial coefficients 1isted in. Table 14 of The Input-QOutput
Structure of the Canadian Economy - 1961 (D.B.S. 1969. Vol.2). Once the

data base was complete, it was p0351ble to calculate4the'income lost by
non—~floodplain establlshments as a result of the fallure of floodplain

13
industries to make purchases from them.. /-

a. Secondary Effects of Agrlcultural Crop Damage
. (1) Backward Linkages ~ During.a flood farmers with flooded

fields would make fewer purchasesiof materials and equipment
than usual. . In .Chapter V, the value of'these foregone |
purchases was logically deducted‘from the gross value of
floodable crops to obtain estimates of.potential primary

agricultural damage. However, such reductions in demand

13/ See above, "Estimating Primary Income Losses, Section 1 - Method"
for gene:al technique and sources of data.
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cannot be excluded complétely from an anélysis of flood damage
because they cause secondary losses in the economy.l&

In the Fraser Basin, most secondary losses originating
in the agricultural sector would result from the flooding of
vegétable acreage. Manufacturers of fertilizers, insecticides,
sacking, cardboard boxes and wooden crates would be forced to
reduce their normal production levels because flooded vegetable
farmers would fail to make their usual purchases of these goods.
The income portion of this reduced production represents the
secondary loss a flood would inflict on' British Columbia.

In this study, the scope of the investigation of
secondary losses was dictated largely by data constraints. It was
possible to estimate the losses that bdth'car;on and craﬁe prod-
ucers and their suppliers would‘inqur as a result of a reduction
in demand for their products. This could be doné because many
carton and crate producers are iocated'bn-the floodplain and
information on theirvinputs was«obtaine& in the field survey.
However, the impact of a reduction in purchases of'fertilizers,
insecticides and sacking could be traced back only as far as the
manufacturers of these commodities.‘ o

Because carton producers are located on the floodplain,
they would suffer primary income losses for 20 days during a

flood irrespective of the state of demand for their products.

Therefore, adjustments had to be made .in the estimates of second-
ary losses such producers would,suffer as a,resul; of the flooding
of vegetable acreage. ’To.accommodate the impact of the primary
losses, only 80% of the value of_purchases of cartons foregone

by vegetable farmers was incorporated intoAcomputations of
secondary losses. The-remaining 20% had alreadis?een included

in calculations of primary losses of producers.

14/ Even if farmers had pre-ordered materials, they would have to postpone
using them until the year following a flood. At that time, they would
fail to make their normal purchases from the British Columbia producers
and thereby affect the economy's output level,

15/ Cartons for the agricultural sector are manufactured for 6 months a
year, the peak period being the 20 days during which a flood would
force producers to shut down their operations.

el
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(2) Forward Linkages - Seven of nine major British Columbia

fruit and vegetable canning and processing firms reported that
they would suffer severe income losses 1f their sources of small
fruits and vegetable crops Were-destroyed.by a flood. They
claimed that the destruction of floodplain crops, for which no
substitutes were available, would force them to reduce their
total production. by $ll,366,000'(under 1971 conditions).}é/

Of this total, $3,190,000 would consist of income of the firms
and their employees and $1,296,000 would be income lost by
British Columbia suppliers of these firms (excluding farmers).
Thus, the total "forward linkage" income loss caused by the
inundation of all floodplain fruit and vegetable acreage would
be about $4, 43? ,000 (or $344 per acre of land under relevant

crop types).—

(3) Allocation of Losses Among Dyking Areas’ - Because differences

in the types of crops and flood potential exist among dyking
districts, the origins of backward and forward linkage losses had
to be established. First, the acreage occupied by crops whose
destruction would induce-these losses was determined for each
dyklng district. Secondly, these calculations were combined

with estimates of backward linkage losses for individual crop types
to compute the total backward linkage loss for each district,
Thirdly, because the forward linkage loss was initially estimated
only for British Columbia as a whole it was divided among dyking
areas according to the relative number of acres of pertinent crops
in each Fourthly, the forward and backward linkage losses were
summed and used to calculate the average loss per acre of farm-
land for each dyking d1strict., Finally, the average loss per
acre was multiplied by the total acreage inundated during floods

of different magnitudes to determine total secondary losses for

16/ Information is based on responses to 1etters mailed to the companies
(Appendix D.2).

17/ The floodplain contains 13 042 acres of Vegetables and fruits that
could be used in the processing industry.
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each area (Appendix H.7).— 18/

b. Egg ProceSsing '

Almost all eggs produced in the lowef mainland are
bought by wholesalers directly from farmers. Wholesalers grade,
crate, transport and sell these eggs, adding between $.06 and
$.08 per dozen to the farm gate price (Egg Marketing Board,
1971). Of this mark-up, $.04 to $.06 represents income earned
by the firms and their employees.

Because wholesalers can import eggs to fill local short-
ages, a flood that reduces local production would cause only
income losses at grading stations and extra freight and handling
costs. Since these losses comprise an unknown portion of the
normal mark-up, in this analysis, secondary losses associated
with a reduction in the local egg supply were simply assumed

to be $.03 per dozen

¢. Dairying

Any flood in the Fraser Basin that prevents dairy
farmers from producing milk would inflict secondary losses on
milk processors. Interviews with managers of major British
Columbia dairies revealed that milk processors generate
(directly) $.40 of income for every<$l.00 of.efﬁde milk they
purchase. 1In this study, it waS‘aseumed_that the entire
$.40 would represent the secondary loss ihduced by a temporary
disruption of crude milk shipments -On this’ ba31s, it was
estimated that secondary losses would be directly proportional
to primary losses incurred by floqded farms and would amount

to $2.44 per cwt. of milk not produced.

18/ Since the size of the loss depends on the availability of alternative
sources of raw materials, significant losses would occur only when
major producing areas are flooded. Because this is unlikely in
floods of less than 24 feet, in the present study, losses are counted
only for floods of 24 feet or greater.

>
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d. Manufacturing Industries

The steps outlined above undér the general title
"Method" adequately 'describe.the approach used to determine the
secondary'ibsses_resulting from the temporary closure of manu-
facturing industries. No'further‘description'sh0uld be necessary.
An example of the calculations of the ﬁriméry and secondary

income losses of a "typical' industry appears in Appendix D.l1.

SECONDARY LOSSES RESULTING FROM
THE SEVERANCE OF TRANSPORTATION ARTERIES

A study by Pearse Bowden (included ‘as Appendlx 1) revealed that
few permanent losses would be incurred as a result of severances of major
transportation arteries. The report suggested that losses would consist
of costs borne by transportation induétries'having'to delay or transfer
shipments normally scheduled to travel on the Canadian National (C.N.),
Canadian Pacific. (C.P.), and British Columbia Hydro'Raihways and on the
Trans—Canada Highway. It foﬁnd that no éigﬁificant costs would be assoc-
iated with thé flooding of oil and gas pipelines. It also concluded that
' no British Columbia industry'(including the toﬁrist.industry) would suffer
permanent income losses because of the fléoding'of transportation arteries.

A range of possible costs of delaylng and transferring normal
railway and road shipments was presented. Estlmates of potential losses
caused by the closure of railways varied bepween‘$30,000 and $676,000
per flood, depending upon the length_of-time_lipes_were assumed to be
closed and the location of the track failﬁre. lFor roads, oné estimate

proved adequate.
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1. SECONDARY LOSSES RESULTING FROM THE DISRUPTION'OF RATLWAY
TRANSPORTATION

There were several problems in using the estimates -of railway
transportation disruption costs provided in.the Pearse Bowden}study.lg/
First, there was some uncertainty about the potential size of railway
costs and their chance of occurrence during a particular flood.

Secondly, secondary losses resulting from breaks in the track at various
parts of the rail network would be interdependent and frequently non-
additive. Thirdly, it was difficult to allocate costs among different
areas in the Basin even though this had to be done before flood prevention
benefits could be attributed to altemative flood control measures.

The only apoarent solution to these problems was to base the
analysis on assumptions that would enable a.reasonable (if arbitrary)

assessment to be made of potential secondary losses. The following set

of assumptions was ultimately adopted.

a. Upper Fraser (Thompson River) . o =

(1)A Because of the design of thevrailroad network, only 507

of the floods in excess of the 1972 ievel on the Thompson River
would cause one-week closures of both.the.C.N;"and C.P. Railway
lines south of Baeque. The ‘cost of the resulting delays and
transfers would be $157,000. o

(2) 50% of the floods in- excess of. the 1972 1evel would induce
one-week closures of both the C N. and C P. Railway lines north
of Basque on the Thompson River and would cost $116,000 in
delays and transfers. 25%Z of the floods in excess of the 1972
level would inflict one~-week closures on only the C.P. line
north of Basque at a cost of $30 000.. ZSA_of the floods in
excess of the 1972 level.would.sever ‘the C.N. line, prevent.
access over the South Thompson Bridge and cost $63,000. The

average loss resulting from fiooding above Basque would therefore

19/ All gross estimates of the costs associated with the loss of rail
access for given lengths of time as a result of breaks in the rail :
line at different points are presented in detail in Appendix I.
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be $81,000 each time water levels éicéeded those of the 1972
flood. ‘ o
(3) Since cases 1 and 2 both refer to the same floods on the
Thompéoﬁ River,.the'avérage income loss-on the Thompson per
occurrence 6fvhigﬁ wﬁtéf would amount to ;5 ($157,000) +
.5 ($81,000) = $119,000. The logic underlying this computation
is that during 50% of the floods, the maximum loss would be
$157,000, while during the other 50%, the maximum average Loss
would be $81,000.

b. . Lower Fraser

(1) A spring run-off of 24 feet (Missiom or higher could

flood Delta Dyking District and cause. a one-month delay in

the shipment of coal over the British Columbia Hydro Railway.

This delay would cost the railﬁay $234,000.

(2) The same run-off could sever both the C.N. and C.P. rail

lines between Mission Bridge and'Hopé.for one month and inflict

costs of $442,000 on British Columbia. However, the net loss
resulting from the flooding of areas between Mission and Hope
dould be only $442,000 less the césts»borne in the Thompson

River system ($119,000). This-subtfaction must be made .to

avoid doublé—couhting thé coSté,incurred aé'a feSulﬁrof a delay

generated simultaﬁedusl? in the Upper and Lowér Fraser.

_ The $323,000 in’ delay and transfer costs attributable to
flooding in the Lower Fraser were ailogatéd among dyked and undyked
~areas in direct pfoportibn to the léhgtﬁs'of the dykes and exposed
track in each. The perceﬁtagefcéﬁfributioh of each area is shown in
Table 3. R .
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TABLE 3

ALLOCATION OF FRICTIONAL COSTS CAUSED BY
SEVERANCE OF RAIL LINES BETWEEN MISSION BRIDGE AND HOPE

Dyking Area Proportion of Net Cost
: Allocated to Each Area

Agassiz o 17%
Harrison Mills , . 12%
Dewdney V : 15%
Hatzic - 27
Chilliwack - 32%
Matsqui - - 17%
Undyked 5%

2. FRICTIONAL COSTS RESULTING FROM FLOODING OF -ROADS

Frictional costs incurred during a bne—month disruption of
road transportation caused by the flooding of the»Lower Fraser valley
were estimated to be $100,000. To'incorﬁdrateAthis_estimate into the
present analysis, it was necessary to diﬁidé~iﬁ amoﬁg dyking areas whose
flooding could cause the severance of road access to the interior of B.C.
Therefore, the $100,000 was allocated among rele&ant areas in direct

proportion to the lengths of the dykes protecting each (Table 4).22/
LY .

20/ It should be pointed out that the opening of the proposed Vancouver
to Lillooet highway would eliminate these frictional costs and that
this was considered in the projections of future damages.

I
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TABLE 4

ALLOCATION OF FRICTIONAL COSTS CAUSED BY
FLOODING™ OF ROADS IN THE LOWER FRASER

Dyking Area £ $'000 Cost Allocated
To Each Area

Agassiz - 10

Harrison Mills 7
East Nicomen - 10
West Nicomen } 22
Dewdney

Hatzic

Sumas . ) ';'ﬂ

Chilliwack _— .19

a For floods of 24 feet (Mission) or greater.

SUMMARY.

A flood can impose income losses both directly on floodplain
industries and indirectly on their suppliers aﬁd markets. The losses,
in the former case, are primary income losses and, in the latter, second-
ary. »

This chapter describes the procedure used to estimate the size
of potential income losses that could occur during a Fraser River flodd.
Information was gathered both in the field and from secondary sources.
Then, on the basis of a series of plausible assumptions, a system was
elaborated whereby approximations of potential flood-induced income
logses could be established. |
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It was found that, giveﬂ certain conditions, estimates of
income losses could be determined fairly accurately, although they could
never be as precise as assessments of physical damages. However, the
problem of identifying a stable set of conditions or even assigning
probabilities of occurrences to particular .conditions waé only partially
solved. Consequently, the estiﬁates of flood-induced-income losses in
this study represent rough approximations of highly unstable potential

effects of given floods.

CONCLUSION

Prior to examining primary and secondary income losses, it was
thought that considerable time and money would have to be spent to obtain
reasonable estimates of true losses. It soon bécame-apparent that,
regardless of the detail of the study, these losses would have to be
based on many tenuous assumptions. It also became clear that the cost of

significantly improving the approach adopted in this analysis greatly

exceeded the available budget. Finally, it was realized that secondary
income losses represented a very small part of the total potential flood
daﬁages._ Therefore, it was concluded that the eﬁtré cost of obtaining
"better" estimates could not be justified. .

The weaknesses of the methods used tb determine primary and
secondary losses have been outlined. The host of assumptions and unstable
conditions, upon which these estimates rest, indicate the unpredictable
nature of these losses and the potentiai'errbr'inherent in the estimates.
Although the results are reliable for calculétions of this‘kind, no claim

can be made for their absolute accuracy.

et

W
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CHAPTER VIL

MISCELLANEOUS FLOOD DAMAGES

INTRODUCTION

In the Fraser Basin, about 90% of total potential flood losses
consist of damages to residential, commercial, industrial and agricultural
activities and income losses. This chapter describes the methods and
sources of information used to estimate the remaining damages. These
losses include extra costs of food, costs of evacuating people, the value
of the loss of use of floodplain dwellings, and damages to roads, railways,
scﬁools, apaftménté, utilities,'barns'and outbuildings.l A

Little time was séent-estimating miscellaneous damages. 1In some
cases, extensive investigations proved_unwarraﬁted because secondary sources
were reliable and damages were of minor importance.. in others, experts
indicated that damages were so‘uﬂpredictable that further study would add

nothing to the analysis.

METHODOLOGY AND FLOOD DAMAGE:ESTIMATES

1. ROADS

According to the British Cblﬁmbia Dépértﬁént bvaighwayS, it is
impossible to provide a single estimate that-adequately represents average
flood damages per mile of road. Apparently, even a‘mile—by—mile,study
would give only a rough idea of the potential‘démage.

The best information the Departmenfvéouldvsupply was the follow-
ing genefal deScription of ‘the impacts of a floOd:'gl);good,road surfaces
and bases would be less severely damaged than pobr ones, 2) the greatest
prdblem would be posed by fast-flowing water rushing over the roadway and
destroying the shoulder, and 3) depending on the road grade, premature
paving might be required because roads would be re—-opened before their

bases have time to stabilize.
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In view of this response, it was decided that damage estimates
would have to be based on previous studies of floodable areas. Three

‘'studies were selected. A summary of their findings is presented in
Table 5.

TABLE 5

AVERAGE ROAD DAMAGE - SELECTED AREAS

Area Year  Year f.Repofted~ Per Annum  Value of
in which for which Damage - Rate of = Damage.
Damage Damage -Per Mile Price - / Per Mile
Occurred was o Escalationr= in 1971
Estimated .. to 1971 Prices
O BN ¢ I ($)
Winnipeg, Man. 1950 1957 6,750 3,0 10,000
Fraser River- 1948 1949-50 5,235 2.5 9,000
Squamish, B.C. various 1965 1,500 5.0 2,000

Sources: Royal Commission (1958: 53); Fraser River Board (1956: 53);
Engineering Division (1967)

1

: — LY

1/ This, and subsequent rates of price increases used in this chapter,
were taken from Engineering News Record 184 (24) : 85

[

i«
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, Damage costs for the Fraser and Winnipeg areas are clearly of
a much greater magnitude than those estimated for the Squamish basin. The
~difference might be accounted for bydvariations im floodiduration, road
qualities or other factors. However, since there was no basis for
deciding which .estimate would better reflect the potential‘damage,to
existing roads in the Fraser, in the ﬁresedt study it was assumed'that the
duration of flooding would be the' critical variable. Both the Squamish
and the Fraser-Winnipeg estimates were then accepted on the following
premises: 1) all roads covered by a Fraser River flood fcr more than one
week would suffer $9,006 damage per mile, and 2) all roads covered for

one week or less would suffer $2,000 damage per mile.
2. RAILWAYS

Estimates of potential damages to rail lines were based on
information obtained from the Canadian National (C.N.) add Canadian
Pacific (C.P.) Railway Companies; These companies sﬁggested that, although
the extent of the damage in any flood was.unpredictable, it would be a
function of water velocity, the duality of track bed and the stability
of land upon which the line was located. They also anticipated that
their major costs would be incurred repairing washouts, dumping riprap,
replacing ballast, and raising track. v _

' In 1971, the C.N.R. provided estimates of damages likely to
occur to specific 1engths of track along. the.Fraser inside and outside
.the dykes; These estimates were subsequently modified during a re-
assessment of the damage potential in the light of 1972 flood conditions.
The final figures are presented in Appendix E.1. _

The C.P.R. supplied estimates of the average damage per mile
expected to occur over 40 miles of vulnerable track below Hope. It
anticipated that repairing 20 miles of lightly affected track would cost
$5,000 per mile; and the remaining 20 miles, $13,000 per mile. The
company also calculated potential damages for specific points on its line
in the U Upper Fraser. To do this, it relied heav1ly on 1972 freshet

conditions. All estimates are illustrated in 'Appendix E.2,
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C.P.R. estimates of average damage were applied to several other
lines in the Lower Fraser. They were used to compute potential damages to
the track of the following companies: British Colombia Hydro and Power
Authority, Burlington Northern, British Columbia Harbour Board, and
British Columbia Railway (Appendix E.2).

3. UTILITIES

a. Sewage and Water Systems

The Winnipeg Royal Commiésion (1958:'48) estimated that
cleaning the Winnipeg sewage systémioould“eOSt $1.50 per acre
after.a 15-day flood and $3.00 after a 30-day flood (1957 prices).

The present study based its estimates of sewage damage on this
_information. Potential damages were assumed to be zero, $2.30 or
$4.50 per serviced acre depeoding upon whether a flood was
expected to last less than 8 days;.8 to 30 days, or more than
30 days;g/ ' . : 4
A Winnipeg data were also used to compute the costs of
sterilizing and repairing fiooded water mains. The Winnipeg
estimate of $0.94 per acre of serviced land (Royal Commision,
1958: 48) was updated to $1.40 and applied to the serviced

acreage in the Fraser Basin.

b. Major Utilities

Estimates of damage to major utilities were obtained
from the Substation, Distribution,. and Gas DiV1sions of the
British Columbia Hydro and Power: Anthority and ‘from the British -
Columbia Telephone Company . (Crippen, 1971 6-30)

The B.C. Hydro and Power Authority ‘expected that re-
pairing and cleaning power distrlbution facilities would cost
‘$300 per transformer. It estimated its substation damage would
range from $152,000 in a 24-foot flood (Mlssion) to $715,000 in
a 26-foot flood. Finally, it calculated that gas distribution
facilities would require cleanup and reetarting procedures cost-

ing $30.00 per gas-using household flooded.

2/ The 1958 values were updated at 3% per annum to obtain the 1971 estim-
ates.
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B;C. Telephone Company_provided a lunp sum estimate of
the potential damage to its installations. Itcéuggested that
virtually all of this damage would occur to the Yarrow and
Chilliwack exchanges because tﬁe-Ladner; Steveston and Richmond

exchanges would not be inundated to significant depths. There-

fore, in the present study it was assumed that only the\Chilliwack

and Yarrow exchanges would be damaged. Damages were estimated
to be $400,000 in a 24~foot flood (Mission) and $450,000 in a
26-foot flood.

4, BARNS AND OUTBUILDINGS

The 1963 Benefit Study (Robertson, 1963: Appendix C) estimated
that barns and outbuildings would have to be cleaned and painted following
a flood. The costs used in that study were updated to $140 per barn and
$40 per outbuilding in the present analysis.

5. APARTMENTS

No differentiation was made between apartment and residential
damages. Ground floor apartment suites were simply assumed to suffer the
unit’ residential daéggesbderived in Chapter IIIQ and total damages were

caléulated accordingly.

6. SCHOOLS

In the 1963 Benefit Study (Robertson; 1963: Appendix E),
damages occurring at schools at variousvfloodvdépths were expressed as a
percentage of the assessed market value bf.échool buildings. In the
current analysis, the 1963 percentaéé distribution (Table Q) was applfed

to 1971 market values to obtain updated daﬁage estimates.
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TABLE 6

'FLOOD DAMAGE AS A PERCENTAGE
OF ASSESSED VALUE OF SCHOOLS "

L

-

Flood Depth Per Cent of Market
Above Floor Value Damaged

18
37
44
50
58
65
71
77
86
95

OV~ WULELWN

H

Source: Robertson, 1963: Table D~1

Estimates of 1971 market values of schools were provided by the

British Columbia Department of Education. -The Department supplied these

~

estimates in a form that related classroom values to.three variables:

1) level of education, 2) number of classrooms, and 3) costs of offices,
libraries and gymnasiums usually found‘in buildings.of épecified sizes
(Table 7). o |

TABLE 7.

AVERAGE MARKET VALUES OF CLASSROOMS.
IN LOWER FRASER SCHOOLS

Primary Schools '. ijeqondary Schools
Number of Market Value Market Value per Classroom ($)
Classrooms per Classroom ($) | Classrooms - Jr. Secondary Sr. Secondary -
L4 45,000 10 . 80,000 96,000 .
8 37,000 13 71,000 85,000
9 43,000 17+ 65,000 78,000
16 37.000 | :
23 31,000

Source: B.C. Department of Education
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Once the percentage distribution of damages_énd values of class-
rooms had been determinéd, total potential flood damages were calculated in
several steps. First, all flood plain échobls were located on maps, and
the elevations and number of ground floor classrooms in each school were
identified in a field survey. Next, potential flood depths were established
using the method described in Chapter IV (Commercial Damages). Then, the
total market valué of affected classfooms in each schobl was calculated and
multiplied by the percentage damage corresponding to the depth to which
each would be flooded. Finally, the results were summed to obtain total

potential damages in various floods.

7. LOSS OF USE OF DWELLINGS

The value of the loss of use of dwellings is included in flood
damége studies as a measure of the inconvenience, hardship and disutility
suffered by people forced from their homes. In the present analysis, it
was ‘assumed equal to the rental value of residences over the period of dis-
use. Since one month's rent was estimated to be one'pgr cent of the market
value of a house and its contents, a oﬁe—mﬁnth loss of a house would be
worth $400, $210, or $90 for an A, B or C class hoqse‘réspectively.

The duration of the loss of use of dwellings was estimated using
a technique similar to the one applied in the 1963 Fraser report (Robertson,
1963: Appendix L).éj

was recognized as having a potentially large range with an upper limit of

The true period for which houses would be abandoned

as much as six months. However, past experienﬁesfsuch as.the 1950
Winnipeg flood have shown the average eVacuation‘period to be much less.
' On the basis of this information, thé,loss’of use was defined in terms of
avefage durations’of'flooding (Appendix E.3) and depths of flooding

- above main floors (Table 8). | S " ‘

3/ This was an adaptation of the Winnipeg method (Royal Commission, 1958)
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_TABLE 8

LOSS OF USE OF HOUSES AS A FUNCTION OF
FLOOD DEPTH ABOVE THE MAIN FLOOR

Flood Depth Generalized Total Loss
above Main Floor ’ of Use of Dwellings
<1 foot Flood Duration only
1 to 2 feet Flood Duration + 45 days
22 feet Flood Duration + 60 days

Two assumptions had to be made before‘average duration of flood-
ing could be estimated. One was that flooding would begin once the river
reached a dyke's minimum confidence level (described in Chapter II).ﬁ/
The other was that flooding would terminate once the river receded to the
level of the average land elevation in each dyking.area, By plotting thése
critical levels on schematic hydrographséj of various peak flows, it was ;
possible to identify average flood durations in each dyking area:éj

Once losses of use (during and after a flood) had been determined
(Appendix E.4), théy were combined with data on house rental values and
main floor elevations.Z/ Appendix E.5 illustratés the resulting unit
"depth-value of disuse' functions computed for each'dykiné area. Total
values of disuse for each area were generated with these functions in the

same way that total residential damages were derived in Chapter III.

4/ The level at which flooding was assumed to begin was not a very critical
variable because flood waters were expected to rise quickly, (see
footnote 5). ' : '

5/ A hydrograph describes the rise and fall of a given freshet over time.
River storage is plotted along the vertical axis and days are plotted
along the horizontal. The Engineering Division (Water Planning and
Management Branch, Department of the Environment) supplied schematic
hydrographs for floods with peaks ranging from 20 to 27 feet (Mission).

-

6/ This was a rough way of calculating the duration. However, given the
unpredictability of such factors as emergency pumping, the size and
time of dyke breaches, and even the hydrograph itself, it was considered
well within the range of accuracy attainable with the available data.

7/ A sample of the process used in establishing depth-damage curves for the
"loss of use" factor is presented in Appendix E.4.
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8. EXTRA FOOD COSTS

Following the premise of the Winﬁipeg report (Royal Commission,
1958), it was assumed that, during a flood, food expenses would be one-
third higher than normal. This would occir because people would be forced
to buy food in smaller quantities than usual.’ The ﬁer diem extra cost was
estimated to be $0.38 per person.§/v The cost per dwelling was established
on the basis of the number of persons per household in different flood
plain areas (1966 Census of Canada). v

The procedure used to calculate unit depth-~damage functions for
extra food costs (Appendix E.6) was similar to the one used in the preceding
section. The only modification was that a uniform level of expenditure was

assumed for all house classes.

9. (COSTS OF EVACUATING PEOPLE

In a report by Crippen (1971: 7-2), the cost of evacuating people
was -assumed to be equal to the average return fare by bus from flooded
homes to non-flooded areas ($1.30 per person). This estimate was adopted

in the present study.

SUMMARY

The 1963 Benefit Study (Robertson, 1963)fshowed potential miscel-
laneous damages to be of minor iﬁportaﬁce in the Fréser River Basin. Since
many of these damages are also unpredictablé, in'the present analysis
estimates were based on sparse’histofical-eﬁi&enée,'éecondary sources, and
subjective appraisals by informed personnel. ‘In this way, littlé time was

wasted attempting to produce results that would, at'bést, be questionable.

8/ This was derived from the $28.80 per week average expenditure for feed
for a family of 3.8 people in 1969 reported in the August 1971 edition
of the Canadian Consumer (page 141). It was updated to 1971 by a factor
of 6% to obtain an average expenditure of $1.15 per person per day.
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CONCLUSION

The procedures used to assess miscellaneous damages in this study
are crude. However, it is doubtful that further refinement would provide

more credible results or make the analysis of total damages in the Fraser

Basin more meaningful.

T3

v

4
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CHAPTER VIII

GROWTH ON THE LOWER FRASER FLOODPLAIN

INTRODUCTION

Flood prévention works constfucted today will protect both
present and future floodplain developmentsJ  Therefofe; to determine total
benefits of flood control schemes, future economic activities and potential
damages must be estimated. B

This chapfer describes the'methods'used_to make ﬁrojéctions of
growth on the Lower Fraser floodplain between the years 1971 and 2000. It
presents forecasts of population, industrial and agricultural changes in
individual dyking areas at-five—year intervals, and provides estimates of
annual rates of growth. _ ‘ N '

Although flood control projecﬁs have been known to cause an
intehsification of floodplain use, most forecasts in this study are based
on the,aésumption that additional protection will not affect'growth in
susceptible éreas.l/ This approach was taken because the existing percep-
tion of the flood hazard in the Fraser Valley is so low that a reduction

of the threat will not likely induce an acceleration of development.

' GENERAL METHODOLOGY . .

It is difficult to estimate futufe ﬁopdlation, residential,
commercial and industrial growth accurately, Coﬁoft; gravity and input-
output models can be used to make reasonable prédicfions for large regions
with strong internal economic, social and ﬁolitical iiﬁkages. However,
these projections are likely‘to be accﬁrate only for a five or ten-year

period because their reliability declines as the time horizon increases.

1/ In the Upper Fraser Basin, improved dyking will probably cause growth
in some areas. The impact of dykes in these areas is described in
reports on Quesnel, Oak Hills, Prince George, and Kamloops (Canada
Department of the Environment, 1973 and 1974). Project-induced growth
is defined in Chapter I of'the present study. C
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Predicting growth for smaller areas is even more susceptible to
error. The smaller the region, the more sensitive it becomes to factors
such as changes in transportation routes and the introduction of new indus-
tries. Also, external forces, which tend to be of minor importance in
larger areas, become increasingly more significant as the area shrinks in
size. Under these circumstances, input—output models and other sophistica-
ted techniques of analy51s are of little use.

In this study, growth projections were required for small dyking
districts. Since these areas are defined primarily in physical terms,
many are merely part of larger economic entitieé and are critically affec—
ted by developments outside their boundaries. The ruralAdyking districts
are probably influenced Ey factors such as migration of youth to cities,
farm consolidation and fertility and mortality rates. The non-rural
dyking areas are affected by other variaﬁles like their proximity to
Vancouver, the location of transportation arteries and major non-floodplain
developments. '

Growth estimates were based primarily on discussions with local
planners, analyses of historic trends and invéstigations of factors that
could influence future development (eg. zoning plans, proposed transport
systems, port expansion and industrial activities).gj Maps, air photos
and census data were examined to determine patterﬁé of past growth. These
were used to estimate probable future conditions iﬁ areasvwhere historic-
ally stable trends appeared likely to continue. In areas where growth
rates had been erratic or changes were anticiﬁated,:projections were
based largely on the opinions of planners and'informgtién obtained from
municipal plans.3/ . , A

Projections were made for-populatioﬁ‘growth'and.iédustrial-
and agricultural development. Annual percentage changes- in population
were projected for each dyking area and used to represent probable rates
of expansion of activities that grow in direct proportion to population

size (eg. residential and commercial). Industrial growth was forecast in.

2/ Projections made by the Lower Mainland Regional Planning Board (1968)
and the Greater Vancouver Regional District Plannlng Division (1971)
were used extensively.

3/ This approach has been used in other studies (eg. James, 1964; Royal
Commission, 1958).

«)
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terms of the number of industrial acres likely to be'déveIOpedpanﬁually in
each dyking area. Gross losses ofvagricultural acreage were predicted at
five-year intervals for three areas in which signifiéant amounts of
farmland are expehted to be lost td residential, commercial and industrial
developments.éj ‘

Two alternative growth projections wére’used in this study. The
one described in this chapter pfedidté the '"most likely" future conditions
on the floodplain. The other, wﬁich requires‘no description, is the
"zero growth" alternative. It was;used'to estimate the lower limit of
possible future damages. Two projectionsvwere made to show the maximum
effect that major floodplain zoning restrictions could have on the size

potential,flood damages (Appendix G.7).

- ZONING - REGULATIONS

Zonipg plans for each:district; municipaiity and township in the
Lower Fraser Valley were plearly defined in the "Official Régional Plan"
(L.M.R.P.B.: 1966);2/ The aim of the plan was to estagblish guidelines fpr
land use and pfescribe a course of action for an drderly devélopment of
the Lower Malnland. . _ ' _
Y In the plan, all land in the Lower Malnland was zoned according
to the purpose for which it was con31dered'best suited. Types of land
use were classified under the following cétegories: urban, rural
(agricultural), industrial, park and reserve. For each cla551flcation,
both short and long range plans and maps were produced to provide a

blueprint for the development of the area. The short-term plan was

designed to establish the patterns of growfh in the immediate future.

4/ Because of a lack of data, growth projections for areas in the Upper
Fraser Basin had to be estimated using different techniques. A
description of the methods used to estimate growth in these areas can
be found in individual studies of the benefits of dyking Kamloops,

Oak Hills, Quesnel and Prince George (Canada Department of the Environ-
ment, 1973 and 1974). . ’

5/ This plan was officially adopted by an order-in-council in August,
1966, .

re
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The long-term plan was intended to define the ultimate extent of ugban,
rural, industrial and park areas. |

The general policy towards floodplain areas is outlined on page 3
of the "Official Regional Plan" (L.M.R.P.B.,'1966). The "Plan" declares
that the enlargement of floodplain areas preséntly‘zoned for urban use
is contingent on flood-proofing. In addition, it-proposes that little -
floodplain development should be allowed and that, if growth is permitted,
it should be directed towards activities that suffer least from flooding.

This policy towards floodplains was adopted to minimize
"public and private expenditure for flood protection" and "losées resulting
from periodic flooding". Hdwever, since the plan commits a large amount
of floodplain land tq'urban and industrial'use,éj the anticipated level
of growth in most dyking areas will not likely be affected by laﬂ& short-
ages in the near future. A'map showing the presént extent of floodplain
zoning is provided in Figure 5, Appendix F. ‘

With exception of the establishment of an industrial land
reserve in Delta and the re-zoning of a few small parcels of land, the
overall zoning scheme adopted in the "Official Regional Plan", has changed
little since its inception. However, the British Columbia Land Commission,
which put.a freeze on agricultural land in 1973, could bring about signif-
icant changes. The possible effects of these éhanges are accounted for
in this study because it appears that the Commission ten&s to.favour a

lower rate of development than is predicted in the "most likely" prochtions.

A

POPULATION GROWIE .

1. METHOD

To establish a basis for estimating future population, it was
necessary to identify historical population trends in each dyking area.
The first step in determining these trends was to subdivide each area

into the smallest census units for which population statistics were

6/ i.e. The land is either used for urban and industrial purposes or
zoned for these uses. _ '

~

o
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available (i.e. enumeration areas or’E.A.'s). The population of each
dyking district was then estimatéd~for the years 195}, 1961, 1966, and
1971 by summing census data recorded at the E.A. level. 1In areas where
boundaries of E.A.'s and dyking areas did not coincide, air photographs
were used to;derive population estimates. By tracing-population statistics
back to 1951, a clear indication of the pattern of growth was obtained.
Generally, future population growth rates were expected to be
similar to those of the past. For this reason, future rates were estim-
ated on the basis of historic trends. However, historic rates were, always
adjusted to account for changes predicted by regional and municipal
planners, the'impact of local zoning plans, the effects of municipal and
provincial land use policies, and the influence of growth patterns of

neighbouring municipalities.

2. POPULATION GROWTH PROJECTIONS

In 1971 about 114,000 people, representing some 10% of the ﬁotal
Lower Mainland population, lived in areas susceptible to flooding. Of that
total, about two-thirds was concentrated in the Metropolitan Vancouver area
and one-third was dispersed throughout the rest of the Lower Fraser flood-
plain. Richmond (excluding Sea Island), with 60,000 inhabitants, accounted
for 52% of the floodplain population. The dyking district of Chilliwhack
(including Chilliwack City) had the second lafgest popu1ation with 23,000
people or 20% of the total. ' '

' According to the "most Iikely"iforecésté of population made in

this study'(Tables 9 and 10), the floodplain‘s/sﬁare'of_thé Lower Mainland

ﬁopulation will rise to 13%Z by the year ZOOO;Z' This rise will occur
mainly because of increases in the number of people in Richmond, Delta,
and Chilliwhack Municipalities. These three areas alone are expected to
account for 93% of the total floodplain pbpulation b§ the year 2000 com-

pared with 85% in 1971.

7/ A brief outline of the principal reasons underlying the growth pro-
jections for each area is provided in Appendix F,1.
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Land scarcities in the Vancouver area, coupled with improved
access to outlying régioqs, will cause the population of flood-prone areas
‘near the city to grow raﬁidly. Because of its proximity to downtown

Vancouver, Richmond will likely attract a large part of the population

&

expanding into the floodable area. Delta, which showed a marked jump in
its population between 1961 and 1971 primarily because of improved access
(George Massey Tunnel (1959) and Highway 499), is also expected to grow
rapidly in the futﬁre. These two municipalities, together with the
Queensborough area of New Westminster, will probably increase their share
of the floodplain area's population from 64%Z in 1971 to 78% by the year
2000,

Because the eastern portion of the Lower Fraser floodpiain is
mainly agricultural, most of its dyking districts will experience little
population growth over the next 30 years. The only hotable exception to
this will be the dyking district of Chilliwack. Its population will
probably double by the year 2000, largely as a result of the growth of
agriculturally oriented industries (Tables 9 and 10).

INDUSTRIAL GROWTH

1. METHOD

Estimates of industrial growth on the floodplain were based on
projections made by the Greater Vapcouver.Regional District Planning
Department in its report, "Space for Industry" (1971). In that report,
the Department predicted that, by the year 2000, the Lower Mainland will
have a total of about 20,000 acres of land in industrial use, or about
12,000 more acres than were developed in . 1966. In the present study,
these 20,000 acres were allocated among floodplain and non~floodplain
areas on the basis of an assessment of the factors expected to influence
industrial development in each. Estimates of growth at five year intervals

between the years 1971 and 2000 were also made on the same basis.
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TABLE 10

HISTORICAL AND PROJECTED POPULATION GROWTH RATES - LOWER FRASER

1951 - 2000
Dyking Area 1951-61 1961-66 1966-71 1971-76 1976-2000
Richmond 9.0 4.0 4.0 4.0 4.0
Queensborough 1.0 0.0 1.0 1.0 3.0
Delta 6.5 8.0 8.0 5.0 5.0
Port Coquitlam 8.0 4.5 -1.0 -1.0 -1.0
South Westminster 2.0 0.0 0.0 0.0 0.0
Maple Ridge 2,5 0.0 1.0 1.0 1.0
Pitt Polder 27.0 8.0 1.0 1.0 1.0
Pitt No. 2 § 6.5 0.0 0.0 0.0 0.0
Albion 4.0 4,0 1.0 1.0 1.0
Silverdale -2,0 -2,0 -1.0 -1.0 -1.0
"Mission -3.0 -3.0 -3.0 -3.0 -3.0
Dewdney 1.5 -0.5 0.0 0.0 0.0
Nicomen 3.0 2.0 0.5 0.5 0.5
Barnston Island 0.5 1.0 0.0 6.0 0.0
West Langley 0.5 1.5 0.0 0.0 0.0
Salmon River - - - 0.0 - 0.0
. Glen Valley 0.0 0.0 0.5 0.5 0.5
Matsqui 2.0 0.0 0.5 0.5 0.5
Sumas 0.0 -2.0 . 0.0 0.0 0.0
Yarrow - 2.0 . 2.0 2.0 2.0
Harrison Hot Springs 0.0 0.0 4.0 1.0 1.0
Agassiz - Harrison Mills 2.0 ‘2.0 1.0 1.0 1.0
Chilliwhack Dis. 3.0 3.0 3.0 3.0 3.0
Chilliwack City 4.0 1.0 0.5 1.0 1.0




-110 -

2. INDUSTRIAL GROWTH PROJECTIONS

An analysis of the present dispersion of industrial land in the
Lower Mainland reveals that about 80% of the. developed acreage lies in
non-floodable.areas in Vancouvef, Burnaby, Port Moody, North Vancouver,
Surrey, and Néwaestminste; (Aépendix‘F.B);:"Of_the remaining 20%, over
half is located in the‘Mﬁhiciﬁality of,Richmond; the rest is scattered
throughout the Lower Mainland From Delta to Agassiz (Table 13);§/

The main build-up bf_industries has occurred where transport
facilities (water, rail andvroads) are readilj accessible and where the
concentration of population (needed to satisfy both labour and market ré-
quirements) is greatest. Industries which must have waterfront access
are situated mainly near the north and south shores of Burrard Ihlét,.
around False Creek, on the North Arm of the Fraser.River, and in New -
Westminster. The non-water oriented industries are located near the
principal arterial routes in the Vancouver-New Westminster urban area.

The major industries in the valley are closely linked to the
area's agriculture, lumber and mineral rgsoufces.i éawmilling and other
wood-related industries that need waterfront property are concentrated
along the Fraser, Pitt, Stave and Harrison Rivers. Other industries,
such as processors of agricultural and other natural resources, are located
near the larger urban communities:in‘fhe,vailey.

Industrial growth in the Gréater Vancouver area averaged about
180 acres per year between 1960 and 1966 (T;blé 11).'.0f the total indus-
trial acreage developed during these yéars, cldée,;oASOZ occurred in non-
floodable areas near Vancouver. These.areag will continue to absorb a
large portion of the region's development bgcéuse of their site advantages.
However, rising land costs in the nonefloodAblé‘areés'(aue in paft to in-
creasing land scarcities) and better transporta?ion to putlyihg regions will
 partially hounter—balance the advantages of locating near downtown Vancouver.
The net effect will probably be a reduction in»fhe absorption rate of
central locations and an increase in theidevelopmént rate of peripheral

areas.

8/ Existing and future indﬁs;rial developménts on the Upper Fraser Basin
floodplain are described in individual reports on Kamloops, Quesnel and
Prince George (Canada Department of the Environment, 1973 and 1974).
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TABLE 11

INDUSTRIAL ACREAGE DEVELOPED: 1960 — 1966

Municipality Acreage Developed Average Annual Growth Each Municipality's

1960 - 1966 1960 - 1966 % of Total Growth
(# acres) (# -acres)
Vancouver 131 22 12,.3%
Burnaby 274 46 25.7%
New Westminster - 50 8 ' 4.5%
Coquitlam® 25 4 2.2%
Port Coquitlam 27 ' ‘ 5 - 2.8%
Port Moody 7 1 5%
N. Vancouver '

(City and District) 115 ' 19 : . 10.6%
Delta 144 24 . . 13.47
Richmond 202 - 34 ’ 19.0%
Surrey 94 - 16 9.0%

TOTAL 1,069 179, 100. 0%

a Includes Fraser Mills.

Source: '"Space for Industry", Greater Vancouver Regional District, 1971.

Floodplain areas will likely be pfime targets of this industrial
expansion. Their abundant supply of zoned land (Table 12) ; combined with
improvements in access, should enable theSe‘areasbfo captﬁre much. of the
future industrial growth. If the "most likely" ﬁrojections in this study
are correct, the number of floodplain.acrés'underfindustrial_use will rise
from 1,942 to 6,635 between the years 1971 and 2000 (Tables 13 and 14).
Floodable areas will then account for over 30% ofxall;induStrial acreage
in the Lower %ainland as opposed to the present 20%'(Appendix F.3).

Of the total floodplain acreage to be developed between the years
1971 and 2000, probably over 90% lies within the Greater .Vancouver Regional
District (Table 13). The rest is scattered throughout the Fraser Valley.
Richmond, which presently contains the largest developed area, is expected
to experience the greatest industrial éxpansion. Good access to Vancouver
and lérge tracts of flat land zoned for industrial use are likely to
attract industries to this municipality. ﬁelta, Port Coquitlam, the Big
Bend areas of Burnaby, and the South Westminster area of Surrey also have

sizeable areas zoned for industrial use; are reasonably close to Vancouver,
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TABLE 12. -
"FLOODPLAIN ACREAGE AVAILABLE FOR

INDUSTRIAL DEVELOPMENT (1971)

Area . - Acres
Richmond v 3,400 -
Queensborough : 140
Delta ' 5,000
South Westminster 1,600 .
Brunette Creek 30
Port Coquitlam 1,100

Burnaby (Big Bend) " 1,000

Sub-total: Greater

Vancouver Area © 12,270
Maple Ridge - 600
Albion . ‘ 60"
Mission City 300
Bamston Island L NUAL
. Langley . UNA

Harrison Hot Springs “‘}' "0
Chilliwack City e T
Chilliwhack Dis. =~ ~  487°
Sub-total: East ._ R
Fraser Valley . . 1,454
Total 13,724

Source: Municipal Zoning Plans.
3 Excludes Roberts Bank Port and back-up lands.
b GV.R.D., 1971
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TABLE 13

HISTORICAL AND PROJECTED INDUSTRIAL DEVELOPMENT ON THE FLOOD PLAIN:
1960 - 2000

Area Acres of Industrial Development 1960 - 2000

19602 19662 19712 1976 1981 1986 1991 1996 2000

Richmond ' 525 700 830 980 1,155 1,355 1,580 1,880 2,120
Queensborough 114 114 183 210 240 270 300 320 320
Delta 80 165 210 260 360 510 660 860 1,020
South Westminster 160 168 220 270 345 445 570 720 840
Brunette Creek 107 119 126 135 145 155 155 155 155
Port Coquitlam _ 32 59 127 200 300 425 575 725 845
Burnaby (Big Bend) 4s® 750 125 175 325 475 625 775 895
Sub-total: Greater . A

Vancouver Area 1,063 1,400 1,821 2,230 2,870 3,635 4,465 5,435 6,195
Maple Ridge 11 28 30 40 60 - 8 125 175 215
Albion : 13 16 44 59 74 89 104 104 104
Mission 23 28 30 32 34 '36 41 46 50
Harrison Hot Springs 2b 2b 2 2 -2 2 2 2 2
Chilliwack City 6P 7 7 7 8 10 12 15 17
Chilliwhack Mun. 6P 6 8 10 15 20 30 40 52
Sub-total: East g C o

Fraser Valley 61 87 121 150 193 242 - 314 382 440
Total 1,124 1,487 1,942 2,380 3,063 3,877 4,779 5,817 6,635

2 Source: Municpal records, maps; b Estimate based on air photographs.
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TABLE 14

‘o

HISTORICAL AND PROJECTED RATES OF INDUSTRIAL bEVELOPMENT ON THE FLOOD PLAIN:

1960-2000
Area Average Annual Number of Acres Developed per Year
1960~ 1966- 1971- 1976- 1981- 1986- 1991- 1996-
66 71 76 81 86 91 - 96 2000
Richmond o 29 26 30 35 40 45 60 60
Queensbdrough 0 14 6 6 6 6 4 0
Delta , 14 9 10 20 30 30 40 40
South Westminster 1 10 10 15~ 20 25 30 30
Brunette Creek 2 2 2 2 .2 0 -0 -0
Port Coquitlam 5 ¢ 13 15 20 .25 30 30 - 30 .
: ¢ , . :
Burnaby (Big Bend) 5 10 - 10 = " 30 .30~ 30 .30 30
Average: Greater o A '
Vancouver Area 56 84 83 128 153 166 194 190
Maple Ridge 3 .4 2 4 5 8 10 10
Albion .5 6. 3 3 3 3 0 0
Mission 1 0 .4 4. .4 1 1 1
Harrison Hot Springs O. 0 0 0 0 0 0 0
Chilliwack City .0 0 o .2 4 4 .6 .6
Chilliwhack Mun. 0 .4 .4 '; 1 R 2 2 3
Average: East o _ : o
Fraser Valley® 5 7 6 9 10 14 14 15
Flood Plain Average? 61 91 89 :_ 137 163 180" 208 205

@ Totals may not add due to rounding. o o i
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and have well developed transportation networks. They too should experience
relatively high growth through to the year 2000. Other floodplain areas
offer no special advantages to industries. Therefore, industrial growth in

9/

these areas will likely be low over the next 30 years.~

DEPLETION OF AGRICULTURAL LAND

Most parts of the floodplain will lose little agricultural land as
a result of the expansion of urban and industrial atéas. However, in the
municipalitiesxof Delta, Richmond, and Chilliwack, the rate of industrial
and urban development will be high enough to cause a considerable loss of

agrlcultural property and have an important impact on potential damages.

1. ESTIMATING IMPACT OF RESIDENTIAL DEVELOPMENT

Since there is urban sprawl in the Municipalities of Richmond
and Delta, it is difficult to predict the amount of farmland that will
be absorbed as a result of residential expansion in these two areas.
Urban-zoned areas of Richmond, for instance, have'an'avérage density of
five people per acre. New residential areas, on the other hand, are ’
being developed with a demsity of 15 persons per acre. Clearly, much of
tHe anticipated population growth cén be chanhelled iﬁto'existing urban
areas without causing'farmland to be withdrawn from production.

-Based on this observation, it was estimated that Richmond and
Delta would lose one acre of cropland for every 30 people added to the
population (Table 15). Underlying this estimate is the assumption that
half the people will locate in new residential developments in agricultur-
al land and half will move into existing loﬁ—density, non-agricultural
areas. Implicit in the latter case is;the‘assdmétion»that some people

will occupy high density accommodations such as condominiums and apartments,

9/ For a brief description of some of the reasons for the anticipated
growth in each dyking district, see Appendix F,2,

©
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o

In Chilliwack, ﬁoSt of the land zoned fér urban use is farmland.
Therefore, on the assumption that popuiation dehsities of new developments
in the area will not change over time, it was;eétimated that one acre of
cropland will be lost for‘eﬁery 12 people added toAfhe population (Table
15). ’

TABLE 15

10SS OF AGRICULTURAL LAND

Dyking Area Acres of Land Lost during Specified Periods
’ 1971-76 1976-81 1981-86 1986-91 1991-96 1996-2000
RICHMOND , | o - |
1. Loss to Residential 430 520 630 120 C - -
2, Loss to Industrial, 150 - 175 . 200 225 300 240
Total Acreage Lost 580 695 830 345 300 240
DELTA | o ) ‘
1. Loss to Re51dent1al 90 © 120 150 190 250 -
2. Loss to Industrial 50 100 150 150 200 160
Total Acreage Lost. . 140 220 300 340 450 160
CHILLIWACK TOWNSHIP
1. Loss to Residential 190 220 250 290 340 310
2. Loss to Industrial 0 5 10 - 10 10 10

Total Acreage Lost 190 225 260 300 350 320

2. ESTIMATING IMPACT OF INDUSTRIAL DEVELOPMEVT

Virtually all industrlal growth on the floodplaln will occur on
land présently used for,agrlcultural.production in Richmond, Delta, and
Chilliwack. Therefore one acre of agrichturai land will be taken out of
production for every acre occupied by.ﬁew in&uétfial.deVelopments
(Table 15). )
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SUMMARY

Because of the long-term nature of most flood cdntrol projects,
it is essential to incorporate future growth into analyses of the benefits
of flood pfotection. This chapter, therefore, has projected changes )
likely to occur on the Lower Fraser floodplain between the years 1971 and
2000. ' |

‘ Estimates of rates of population growth in each dyking area
were used to represent growth rates of population-oriented activities.
Future rates were predicted on the basis of analyses of historical trends,
land scarcities, government policies, and zoning plans.

Industrial growth forecasts were based mainly on historical
trends, but projections were adjusted to account for the availability of
land and changes in industrial demands in the‘Lower Mainland.

Forecasts show that urban and industrial developments will
cause significant amounts of agricultural property to be withdrawn from
production in the dyking districts of Richmond, Delta, and Chilliwack.
Consequently, losses of agricultural land wére_eétimated for these three

areas but were ignored in all other areas in the valley,

CONCLUSION

The primary forecasts presented in this éhéptei are labelled
"most likely" because they are based on pfojectibné of historical trends
modified to account for probable changes not refleéfed in history..
Since these projections are merely ''most likeIY", théy may be higher or
lower than actual growth on the floodplaih.-‘ ' ‘

The "zero growth" forecast describes an unlikely minimum bound
for future floodplain development. Such a forecast makes it possible to
assess the maximum impact that stringent zoning regulations could have
on the size of potential flood damages. However, it will be approached
only if the British Columbia Land Commiséion retains its freeze on agri-

cultural land.

(1)
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Although simple projections were used 'to predict future condi-
tions in this study, the results are sufficient for estimating the effect
of growth on potential flood damages. In view of the small size of flood-
plain areas and the uncertainties inherent in fdrecasting, the use of

more complex procedures is unwarranted.
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CHAPTER IX

PROJECTIONS OF FUTURE DAMAGES TO FLOOD PLAIN ACTIVITIES

INTRODUCTION

i

The value of potential flood damages in an area may change over
time because of changes in the level of economic development and variations
in the real values of damageable commodities.

If the level of economic activity on a floddplain is expected to
intensify in the absence of improved flood protection works, the benefits
of raising the level of protection are called normal growth benefits.

These benefits are equal to the amount by which a project is able to reduce
anticipated increments of growth-induced damages (see Chapter I).

. If, however, people devote the floodpléin to higﬁer uses in re-
sponse to higher levels of protection, the benefits of this protection are
called project-induced benefits. These are clearly defined in Chapter I.

The present chapter describes ;he methods. used to ptoject changes
in damages expected to occur as a result of four factors: the expansion of
urban and industrial areas, increases in produétivity in agriculture, the
conversion offland into higher uses, and fluctuations in the.real values of
damageable coimodities. | h

This chapter does not outline.thevprocedures adopted for measuring
project-induced growth., The variables and general methods involved in such
a measurement are présented in a theoretical fqrm in Chapter I. Since only
a few small areas were expected to respond'to-improvements_in flood protec-

tion works, a more detailed explanation is not warranted.

GENERAL METHODOLOGY

[}

Three principal projections of future potential flood damages
were made in this analysis (Appendix G.7). Of these, the first was the
most comprehensive and most likely estimate. It was based on predictions
‘or probable changes in growth, productivity, and réal values of different

floodplain activities. The second estimate provided a minimum (unlikely)
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limit to the rangé of possible future damages. It was calculated on the
assumption thaf the 1971 level of damages would remainAconsﬁant over time.—
The final projection was designed to show the éensitiﬁity of damage esti-
mates to minor errors in projections. It ﬁas cpmputed.simply by raising
the "most likely" rates of change for each damage category by 1% per annum.

The "most likely" estimates of flood damages for the period 1971
to 2000 were basedﬁén the following general premises: 1) technological
developments -will not alter the fundamental unit stage-damage functions
that presently exist for residential, industrial and commercial propefties,
2) the flood hazard perception of floodplain occupants willlreméin constant,
3) the relationship between direct and indiréct industrial lqsses, barring
price fluctuations, will not change, and 4) the relationship between resi-
dential direct damage, extra food costs, the value of the loss of use of
dwellings, and commercial and school damages will not vary except for
adjustments in real values.

No changes in the annual value of damages were predicted beyond
the year 2000. 1t was felt that projections into- the distant future would
be completely arbitrary because of uncertaintieé associated with alterations
in growth rates, zoning plans, technology and real-values. Consequently,
holding annual damages constant after the year 2000 was considered at least

as reallstlc as speculatlng on changes

' PROJECTIONS OF INCREASES IN RESIDENTIAL,.
COMMERCIAL AND MISCELLANEOUS DAMAGES

Future potential damages to fesidential and commercial properties
were estimated by adjusting the exiéting.le§el'¢f damages at a rate equal
to the projected fate_of increase in the. population of each dyking area
(Chapter VIII). These estimates were based on the. assumption that damages
would increase in direct proportion to populatlon.

This assumption should prove accurate unless a radlcal change

occurs in the ratio between apartments and 31ngle family units and condo-

l/ It is comparable with the 1963 estimate (Fraser River Board, 1963).
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miniums. If this happens, the predicted damage estimates for residential
dwellings may be distorted. However, the size of the potential damages
will be affected éériously only if there is a veéry large change in the
apartment—single family unit ratio. Since this is unlikely, unadjusted
rates of population growth were used to estimate future residential
damages.

Rates of population growth were also used to predict changes in
damage to other typés of activities. These activities fall into the
following categories: extra food costs, evacuation cosfs, value of the
loss of use of dwellings, school damages, and damages to sewage, water and
gas distribution systems. '

Road damage was assumed to remain constant over time even though
there may be some correlation between population growth and road building
in parts of the Fraser. This approach was adopted because of the question-

able accuracy of present estimates of road damage.

FUTURE AGRICULTURAL 'DAMAGES

Two: major factors (excluding price changes) will_probably have
a dominant in%luence on the size of the'potential'agriéultnral flood
damages in the future. One is the loss‘of agricultural land to rapidly
expanding urban and industrial areas; the other, changes in agricultural
productivity. Both of these factors were incorndrated into the assessment
of future damages. '

In Chapter VIIL, it was suggested that only in the municipalities
of Richmond, Delta and Chilliwhack would s1gnificant amounts of land be
converted from agricultural to urban and industrial use durlng the period
1971 to 2000.' To account for the effect of this expansion on the size of
future agricultural damages, estimates of 1971 potentlal crop damages in
the three municipalities were reduced over time in difect proportion to the

2/

projected decline of farmland (Table 15, Chapter VIII).—' Estimates of

2/ On Lulu Island, only pasture and hay acreage was expected to be removed
from production as a result of expanding urban and industrial areas;
future agricultural damages were adjusted accordingly.

®
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potential losses of animals and animal products were not adjusted because
it was assumed that the impact of urban’expansion would be reflected only
in reductlons in agr1cu1tura1 crop damage. | _

A study- of probable increases in the volume .of Lower Fraser
agricultural products between 1965 and 1985 (Carne, 1966) showed that
rising productivity would be 1mportant in shaping the characteristics
of agriculturai conditions (and flood damage) in the whole valley. These

productivity changes were incorporated into the present analysis in several

steps. First, the estimated increases in the volume of individual products

(Appendix G.l) were grouped into six categories. Then, average annual rates
of increase were computed for each category for the periods 197141975, 1975~
1985, and 1985-2000 (Table 16). These average rates formed the basis for
measuring the effect of productivity improvements on future agricultural
flood damages.

The rates of increase of total production in Table 16 represent
projected output changes for the entire Fraser: Valley. It was assumed that
the rates predicted for dairy, beef, and swine production would hold true
for each dyking area. It was also assumed that phy31cal§/crop yields in
each area would change at the valley—w1de rates.a/_ However, since three
crop categories were involved, an addltional-predletioo had to be made of
the way in which each area would accommodate ‘the crop productlon increases.
This was necessary to enable the calculation of the. average annual rate of
change in total crop produotlon for_each dyklng.area;

. The annual rate for each area was computed by taking an average
of high and low estimates of future produetiou;- Ihe.high estimate was
based on the assumption that vegetable'and-fruit:broduction-would increase
at the same rate in each area while fodder production’WOuld remain constant.

This could occur under three conditions., Productivity on existing vegetable

3/ Physical output was equated to the 1971 dollar value of the products,,
"products" in this case really refers to "categories of products , 1.e.
vegetables, small fruits. dand pasture and fodder.

4/ Initially, projections in all areas were,made under the assumption that
the acreage under agricultural use would remain constant. The Chilli-
whack, Delta and Richmond projections were then reduced to take into
account the number of acres lost to urban and industrial expansion.
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TABLE 16

AVERAGE ANNUAL PERCENTAGE CHANGE IN PRODUCTION OF
SPECIFIC AGRICULTURAL PRODUCTS - LOWER FRASER VALLEY-1971 TO 2000

Agricultural Average Annual Percentage Changes
Group - In Production - Lower Fraser Valley ;
1971-1975 1975-1985 1985-2000%

Pasture and Fodder : 0 0 0

Vegetables 2.4 1.4 1.0

Small Fruits 7.0 3.3 3.0

Dairying (milk) 2.7 2.4 1.0

Beef ’ 1.0 2.4 2.4

Swine 1.0 - . 0.9 0.8

a/ Projected from previous years

Source: Appendix G.1

and fruit acreageé/ might rise to meet expected increases in‘output; in ) .
this case, productivity on fodder lands would not change. Farmers might
convert fodder land into vegetable and fruit. production to meet the antici-
pated increases; fodder production per acre would then have to rise to
accommodate the loss of acreage and maintain fodder output at a constant
level. A combination of the two previous -conditions might occur.

The low estimate was derived on the basis of the assumption
that fruit and vegetable production would expand oﬁly by displacing fodder
crops. Fodder production would then decline at the same rate at which it
was displaced. ‘

Little difference was found between the high and the low estimates.
Only during the period 1971-75 was the difference significant and, even

then, it was significant only in areas expected to undergo major increases

L]

5/ Increases in productivity on existing vegetable and fruit land could
occur with improvements of strains or shifts from low to high yield
vegetables and fruits.

[}



L/

]

- 124 -

in vegetable and fruit production.. Therefbre, although the average rates
presented in Table 17 may deviate from the eetual, they are probably a good

measure of potential productivity changes.

2}

PROJECTIONS OF INCREASES IN INDUSTRIAL FLOOD DAMAGES

Damages to future industrial thablishmeﬁts’were calculated by
applying estimates of current'pqtential damages ﬁer'acre of industrial

land to projections of annual increases fn-industrial acreage (Chapter

‘VIII). 1In this manner, annual increments in'dameges.resulting from given

flood levels were determined for each dyking area.

1. CALCULATING AVERAGE STAGE-DAMAGE RELATIONSHIPS
PER ACRE OF FUTURE INDUSTRIAL LAND

- The average damage ber foot.of'flebding per'acre of developed
industrial land was found to vary drématically among'different regions on
the floodplain. Since such a va:iation.will pfobaBl& also exist in areas
of future industrial development, two distinct stage-damage relationships
were computed as a basis for assessing future ﬁqteﬁtialldamages. One
represents the industrial areas near Vaﬁcquver, and the other, the remain-
ing industrial areas in the valley. ‘ - )

The damage function for thevVancouver area was derived from 1971
field survey results for Lulu Island. This wes done, first, by computing
potential depths of flooding above floor levels for all industries on the
island: these depths were found tO'range.ffom 0 to §ffeet in a 23—£oot
flood and 0 to 7 feet in a 26-foot floodt fThen, average depths of 1.2 and

1.4 ft. were calculated for the respectiVejfloed,levels} Next, average

,damagesiper.ecte.corresponding to the two average'flood_depths were

derived by dividing the estimated total direct industrial damages in the
23 and 26-foot floodséjby the island's 1,013Aaeres of industrial land.

6/ The damages were $6,542,000 and $7,363,000 respectively. Damage to one
major industry flooded to a depth of one foot in the 26-foot flood was
excluded from the calculations because it was atypical Its inclusion

-would have distorted the results.
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TABLE 17

AVERAGE ANNUAL PERCENTAGE INCREASE IN

AGRICULTURAL CROP PRODUCTION IN RELEVANT DYKING AREAS

1971 TO 2000

Expected Rates of Increase
Areas Likely to of Production (%/Year)

Experience Significant

Increases in Production 1971-1975 1975-1985 1985-2000

Richmond ' 4.5 2.5 2.5
Delta ‘ 1.5 1.0 1.0
Glen Valley 2.0 1.0 . 1.0
Matsqui 2.0 1.0 1.0
Sumas : 2.5 1.51 - 1.5
Chilliwack 3.5 2.0 _ 2.0
West Nicomen | 1.0 100 1.0
East Nicomen 1.0 0.5 0.5
Dewdney-Hatzic » 2.0 v 1.0 : 1.0
Albion 2.0 1.0 : 1.0
Maple Ridge 3.0 2.0 2.0

Pitt Polder 2.0 1.0 ' 1.0

A
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These averages were, in turn, divided by\l;2 and 1.4 feet respectively to

obtain an estimate of the‘damage that would occur in a flood having an

~ average depth of one foot. Since the computed estimates of damages at one

foot were similar for both calculations (i.e. $5,400 and $5,200 per acre),
they were used to cpnstrnct_a stage-damage curve based:on‘tge assumption
that danages are directly proportional'to £lood-depth.1/ Thus, the average
damage in a one-foot flood (assumed to be $5,200) was extrapolated to form
a stage—damage curve .representing the existing stage-damage relationship
per acre of industrial land on Lulu Island (Appendix G.2).

The predictive capability of this stage-~damage curve was tested
by applying the curve to the known distribution of the depths of flooding

" were within 4%

of industries on Lnlu Island. The resulting "predictions
of the actual damage estimates. |

This stage~-damage function was adopted as the probable average
stage-damage curve of future industrial floodplain developﬁents in Richmond,

Queensborough, Delta, and the Big Bend'areaaof Burnaby.‘ However, because

of apparent differences between stage—damage‘curves.of Lulu Island indus-

tries and those of industries located in the Lower Fraser Valley upstream
from Queensborough, a second "valley" function was. identified.

A simple method was used-to»determine the valley function. Exist-
ing potential industrial. damages reCOrded'during the.l97l field survey in
areas above Queensborough were listed for flood depths of up to seven feet.
For certain industries, some damages had not been recorded over the entire

seven-foot range. For these, the m1331ng information was extrapolated from

‘the available data. Average damages per, acre per foot of flooding were then

calculated for South Westminster, Brunette Creek Port Coqu1t1am, Albjion,
and Mission, and a composite function was derived to represent the
potential industrial damages to future.industriesnlocated upstream from
Queensborough (Appendix G.2). ‘

The composite function was tested in each "valley" area on the
floodplain in the same way that the downstream curve was tested on Lulu
Island. It proved capable of providing estimates that were within 10% of

the measured damage in each area.

7/ For flood depths of from 1 to 7 feet.

W
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There are several reasons for the largeoﬁiscreﬁancy'between‘thé
Lulu Island and the Upstream Damage Functions and for the deéélopment of
separate curvés to represent the two different parts of the valley. The
most important, are the following:

1. - The industrial mix in Richmond is different from that in

the valley. | |

2. 1Industries tend to use land less intensively in the valley
than on the island, i.e. 70% of the total industrial
acreage on the island was reported by the industries as
being "actively" used; only 40% was reported as such in
the valley.§/

3. Industrial layouts may differ between the two regions’
machinery and inventory components of the industries may
have distinctive characteristics in each.

While it is possible to speculate that areas such as Coquitlam
and South Westminster lying‘near Vancouver will eventually exhibit
industrial characteristics approaching those currently found on Lulu Island,
no such conjectures were made in this study. quwth projections (Chapter
VIII) were based on the assumption that relative intensities of land use
would remain unchanged because zoning restrictions were known to favour
the types of industries currently found in.thesé-areas} For this reason,
no reconciliation of "Valley'" and "Lulu Island" damages appeared necessary:
the two-function approach seemed least likely to distort estimates of

future industrial damages.
~

2. CALCULATION OF PROBABLE FUTURE FLOOD DEPTHS

Before the stage-damage curves gouid'be»used_to predict future
damages, depths of flooding above main floors of prospective industries
had to be determined. These depths were estimated for Lulu Island, Delta
and the Big Bend area on the basis of the characteristics of existing Lulu
Island industries. First, flood depths above ground level were calculated
for areas on Lulu Island in which industries are presently situated (see

Chabter III). Secondly, an average flood depth was computed for each flood

8/ Industrial Questionnaire results.

»
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level. Th1rdly, this average was. compared with the average flood depth above
floor levels of .existing industries (determlned 1n the 1971 1ndustr1a1 f1eld
survey) and a ratio was calculated (AppendixpGﬂ3). ~Finally, this ratio was

multiplied by the average flood depth above ground level in areas for which

industrial development was predictedt In this way, average depths of ficod—

ing above floor levels of future industrial complexes were established for
the three municipalitles A _ _ : |

As control varlables, these averages were useful However before
unit stage—damage functions could ‘bé introduced into the analysis, further
information was required ou the range of fibod depths‘upon which these
averages were dependent. Therefore, hypothetical distributions of flood
depths were estimated on the basis of the distribution of flood depths over
existing Lulu Island industries. ~These distributions were adjusted to suit
each area so that when they were averaged; the results were consistent with
the averages caleulated as control variables. 1In this way; the percentage
of future 1ndustr1es that would be flooded to different depths in various
floods was established (Appendix G. 3)

" For the industrles located upstream from Queensborough, the
expected depths of flooding above floor levels were determined directly
from data on existingAindustries‘in each area (Appendix G.3). This was
possible because potentlal flood depths on existlng and future industrial

land in these districts are similar

3. AVERAGE DAMAGE PER ACRE OF FUTURE INDUSTRIAL LAND

Primary direct damages per acre of future 1ndustr1al land were
iestimated for different flood levels by applying the stage—damage ‘functions
of Appendix G.3 to the probable future_fiood depths "in each area (Appendlx
G.3). The resulting damages per acreviu'uarious.floods are shown in T
Appendix G.4.‘ ' ' ‘

| Primary and secondary indirect'iosses?to future industries were
calculated‘as simple percentages of the projected primary direct damages.
The relationship now existing between indirect and direct industrial
damages was measured and found to be approximately 0.5 : 1 in Lulu Island
and 0.7 : 1 in areas upstream from Queensborough. -These ratios were
applied to the estimates of direct damages of Appendix G.4 to derive the-

expected indirect losses per acre in Appendix G.5.
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Projections of total increases in industrial damagee per year
were then made by combining the estimated rates of development of new
industrial acreage derived in Chapter VIII with the "per acre" stage- -

damage curves of Appendices G.4 and G.5.

st

4. IMPACT OF PRODUCTIVITY CHANGES ON INDUSTRIAL LOSSES

Potential effects of productivity changes on industrial direct
and indirect losses initially were excluded from this analysis. However,
when it Qas found that real incomes in the manufacturing sector had risen
over the past two decades while prices of manufactured products had re-
mained relatively constant, it was decided that effects of possible prod-
uctivity changes should be'ineorporated into the aseessﬁent of future
losses. Consequently, the "most likelyﬁ projecﬁieﬁsbwere based on assump-
tions of positive productivity shifts from 1971 to the year 2000. The
impact of these assumptions was subsequently tested by incorporating an
assumption of '"no pfoductivity changes" into a second projection based on
assumptions of "most likely growth" and "zero price'ehanges" (see
footnote 10);

The conclusion that significant productivity changes in the
manuf acturing sector have occurred and could_contiﬁue to occur was drawn
from an assessment of data from two'sourcee; One was a series of studies
by the Economic Council of Canada, and the other, crude trend analyses of
real wage and price changes in British Columbia.

Economic Council studies of Canadian prodectivity in the manufac-
turing sector between 1947 and 1967 showed.that,‘on average, labour produc-
tivity rose by about 3.5% per annum and factor productivity by about 3.0%
per -annum (Economic Council, 1970: 95-96; Postner, 1971) These studies
also showed that, in the wood products manufacturlng industry, important
in British Columbia, labour productivity rose by more than 4.0% per annum
during the 1957-1967 period, and factof’productivity by more than 3.57% per
annum (Postner, 1971). The Economic Council anticipated that similar -

changes would occur up to at least 1980.

o

An analysis of wage and price trends in British Coluﬁbia done
for the present study also showed that significant productivity changee

have occurred in the manufacturing sector. Real wages, as indicated by



L

[43

- 130 -

the Industrial Composite Index deflated to account for inflation, rose by

- more than 3.0% per annum between 1955 and 1971 and by 3.5% from 1966 to

1971, Over the same period, few positiveschanges'in real prices of manu-
factured products occured (Statlstics Canada, 1970 No. 11-505: 63).

Moreover, the proportlons of the total value of manufactured products

.consisting of wages and salaries, on.the one hand, and total value added

by manufacturing on the other, have remained fairly constant in British

Columbia over the past 20 yeara. Such evidence suggests that manufactur-

. ing industries have used both capital and labour increasingly more

efficiently over time, and, if the trend continues; labour and factor
productivity changes could have an important impact on the size of both
direct industrial flood losses and income losses.

In an attempt to predict the effect of productivity changes on

flood losses, two sets of assumptions were examined. The first was that

total production and value added per acre would remain constant, factor and
labour productivity would rise by 3.5% per anhom? and the prices of manu-
factured products would not changergj The secoad was the same as the first
except that prqouetion was assumed to increase at 3.5% per acre per annum
instead of 0.07%. ' 4 ‘

Clearly, if the first combination of assumptions is to prove
realistic, the number of labourers per acre must fall rapidly in the
future. Although no accurate statistics on worker"densities per acre in
the Lower Mainland exist, there is reasonable evidence'to suggest that the
rapid decrease in density requlred to meet these assumptlons will not
likely occur. For instance, in older c1t1es a maximum decline. in worker
density of only 10/ per decade is predlcted Moreover, ‘the crude figures
available for the Lower Mainland indicate that a slight increase may occur
in this area (de Chiara, 1969, Herman, 1969, G.V.R.D., 1971: 74). From

this information it was concluded that the first set of assumptions is

probably untenable and therefore its impact on flood damage estimates was

not examined further in this study.

I3

"

9/ 1t was necessary to include production per acre because of the "areal"

‘characteristics of .the floed damage.estimates.
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The second combination of assumptions would be roughly consistent
with a constant worker demsity in the manufacturing sector. Because of the
lack of evidence to indicate a signifiéant déviation from the present
density, this was accepted as a reasonable possibility for the "most likely"
projection. On this basis, it was assuﬁed that income losses resulting from
the flooding of floodplain industries would "most. likely' increase by 3.5%
per annum from 1971 to 2000. Following from this income loss premise, it
was also assumed that direct industrial losses per acre would rise over
time. However, the "most likely" rate of change was.set at 2.5% per annum,
1.0%Z lower than the income loss rate. The difference between the two
represents an attempt to recognize that factors such as more efficient
handling of inventories could cause direct losses to rise at a slightly
lower rate than production and income losses.

1In making this "most likely" projection of income and industrial
property.loésés, the analysts were well aware of the likelihood that
actual conditions would deviate from projected ones. Factors such as a
decreasing of worker densities per acre, a slowing of the rate of increase
in labour and factor productivity, and a shift_in the composition of the
manufacturing sector could reduce future changes in damages per acre to
zero. It was for this reason that the impact of the "most likely"
assumptions was tested in the second projection that included '"no produc-
tivity chaﬁges", "most likely growth" and "no price changes". ‘' (See foot~

note 10, page 132.)

THE EFFECTS OF REAL PRICE CHANGES ON ESTIMATES OF
FUTURE POTENTIAL FLOOD DAMAGES

There are two ways of‘estimatiﬁg’the vaiue of potential flood
damages in a given year in the future. One is to assume that the price
structure of damageable goods will be the same in the future as it is
today. The other is to forecast price structure changes resulting from
differential price increases of various flood-damageable commodities.

This. section describes how the latter method was employed in the present
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study to determine “most likely" future daméées (Appendix G.7).19]

Since an infla?ion—free'discouﬁt rate was used to obtain the
present .value of potential damages over time, inflation-free (real) prices
had to be used to determine the value of damages in future years.. Real
changes in the\prices of damageable commodities were forecast by projecting
historic changes. The 1966-71 performances of the prices of these commod-
ities relative to the consumer price index were assumed'to be the prime
indicators of future trends (Appendix G.6 and Table 18).ll/» However, rates
of real price changes between 1955-1971 were élso examined to obtain an
idea of long term price trends to provide a better basis for predicting fu-
ture rates. The real values of potentialAflon'daméges in each year in the
future were then estimated by'compounding>the average annual potential
damages calculated for 1971 at the rates of price increases listed in

Table 18;12/

10/ Two forecasts were also made under the assumption that there will be
no change in the price structure. One is the "zero growth" alternative
mentioned in Chapter VIII. The other couples the "most likely" growth
projections with "zero price changes" (Appendix G.7). ' ,

11/ The Fraser River Program Committee decided to use this period as the
basis for projecting the benefits and costs of providing flood protec-
tion. If only the 1966-71 price trends had been used to predict future
changes, the computation of the real annual percentage change in prices
would have been: S : S o

100 (100% + annual % change in price of commodity (1966-71) Y_
100% + annual 7 change in .consumer price index (1966-71)

12/ It should be emphasized that the result is, in real terms, in 1971

dollars. It should also be mentioned that-another forecast was
" made to test the sensitivity of flood damage estimates to possible
accelerated changes in agricultural prices in the future (Appendix G.7).

100
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SUMMARY

Two events could cause the value of potential flood damages
in the Lower Fraser floodplain to-chaﬁge over .time. One is a change in
the intensity of development on the.floodplain; the other an adjustment
in the relative values of damageable activities. Both factors were
included in the projections of "most likely" damages in this study.

Changes in the intensity of floodplain development were the first
to be investigatéd. Growth trends of réesidential, commercial and related
activities projected in Chapter VIIi were used to predict increases in
future damages. The expansion of industrial acreage forecast in that
chapter formed the foundations for estimating future industrial damages.
Estimates of future agricultural damages were based on both changes in
productivity and the loss of iand to expanding urban and industrial areas
predicted in Chapter VIII. ._

The impact of the second factor (i.e. changes in the relative
prices of damageable activities) was determined mainly on the basis of
hiétoric'price trends. With few exceptiohs,'it was assumed that "most

likely" future changes in the price structure would roughly parallel

‘historic changes and alter the real value of projected damages accordingly.

CONCLUSION

Reasonable estimates of future flood damagés were made in this
study by including the effects of real price changes and changes in the
physical characteristics of floodplain activities. Nevertheless, as with
all projections, there are many uncertaiﬁties,underlyihg these estimates.
Technological innovations;‘attitude and policy changes, or any number of
unpredictable variables can have a significant.impact.on the size of
future damages. Therefore, while the "most likely" estimates of flood
damages in this study are the best approximations'of actual damages avail-
able, their sensitivity to errors in underlying assumptions should be
considered in thevcontext of the two principal alternative estimaﬁes

presented at the beginning of this chapter.
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The incorporation of projections of future floodplain conditions
into an assessment of flood damages is the final step preceding the syn-
thesizing of stage-damage and damage-frequency functions.. By combining
this information with data on the protective capécity of flood control
works as described in Chapter II, the economic benefits of providing flood

protection can be determined.

L 2]
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PART III

CONCLUSION
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CHAPTER X

CONCLUSION

This study has two primary functions. It provides estimates of
potential flood damages in the Fraser Valley, and presents methods that
can be used to estimate flood damages and measure thg benefits of flood
control in other studies; In addition, it describes the advantages and
disadvantages of these methods and the accuracy and meaning of the results.

Perﬁaps the most important paft of this report is the second
chapter. Chapter II describes the technique of reaﬁcing stage-damage data
to a single average annual damage estimate, and ekplains how minor misuses
of damage-frequency functions can cause serious distortions in estimates of
potential flood-reduction benefits. But even more important, this chapter
emphasizes the significance of some of the assumptions underlying estimates
of damage-prevention benefits for an area protected by dykes.

Since engineering and hydrological data traditionally are trans-
lated literally into economic terms, a large preﬁium is often unwittingly
added to the average annual value of flood damages. This preﬁium represents
the value implicitly assigned to intangible costs and risk~taking. It
arises because damages are calculated on the basis of,the assumption that
dykes will provide economic benefits only up to a "maximum safe level'.

Such a premium may be a legitimate cost of flooding. People méy
be willing to pay more for flood prevention than simply the value of prop~-
erty damages. However, .the premium,.as it is current1y calculated, has a
physical rather than an economic basis. Tﬁerefore;_fhere is not necessarily
any relationship between it and the true value peoﬁle place on risk-aversion
and intangibles. |

By ignoring the premium.inherent in average annual damage

estimates, most studies obscure the existence of a potentially large

* bias in the calculations. The present study departs from.the traditiomal

approach by clarifying the meaning of damage estimates derived on the basis
of the procedure adopted'by_the Fraser River Committee (1971). It does
this by showing that as much as 70% of the estimated property damage
reducible by reservoirs ﬁight really represént the value implicitly being

assigned to risk-taking and intangibles. 1In this way, it exposes a
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possible source of bias that can now be explicitly recognized by those -
evaluating the economic feasibility of flood control projects.

Although the mere identification of the possible maximum premium

is not a perfect solution, it represents an improvement over traditional
procedures and a positive step towards providing better flood damage
estimateé. The size of thé premium alone should encourage research into
the validity of including such an estimate.in futﬁre flood damage analyses.
Moreover, because the premium is eEElicitlz_idenfified in this study,
decision-makers concerned with the Fraser River flood problem will have a
better understanding of the flood-reduction benefits being attributed to
various proposed protective measures.

Chapters III through IX are less significant than Chapter II in
terms of general methodology. However, they do offer a good framework for
investigating potential flood damages. They describe some sound techniques
for estimating specific types of damages, comment on the accuracy of the
results, and record unit-damage functions that might be useful in other
studies. ‘

It is easier to estimate potential'damages to residences and
crops than it is to determine other types of losses. The methods used
in this study to calculate these damages should be adequate for most
analyses. However, two modifications might make the procedures more
effective. One would be to use a computer to process data on residential
characteristics and damages. The other would be to calculate backward
linkage losses in agriculture as part of pfimary.crop damages. In both
cases, a considerable time-saving would be realized.

Estimating commercial and industrial damages by applying the
method used in this study is a lengthy and costly process. Nevertheless,
it is difficult to conceive of a better way of determining these damages.
Calculations of industrial losses might be simplified by collecting infor-
mation only for major industries in a valley, computing damages per acre,
and assuming that the results are applicable to other industries in the
region. However, if this procedure is followed, estimates may be highly
distorted.

In the same way that a simplification of the procedure used in
this study has questionable merits, more detailed assessments are difficult

to justify., Little is to be gained from more detailed studies because
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of the uncertainties and subjective judgements underlying analyses of
commercial and industrial damages. Therefore, itvisvfelt fhat the method
described in Chapter IV is a good model forvdeterminipé étagé—damage
functions. _ | 4 | . .

Since income losses have not been exémined'closély in previous
studies, Chapter VI provides some valuable insights into problems of
estimating these losses. It shows that the most critical variable afféct-
ing the magnitude of such losses is the difference in size bet&een the
referent area and the area directly affected by a flood: the larger the
referent area, the more likely are internal transfers of production to
occur, and the less likely are production and income losses to be permanent.
Chapter VI also reveals that many assumptions must be made before income
losses can be.estimated: almost every estimaté in this study rests on an
elaborate set of assumptions, the validity of which is crucial to the deri-
vation of accurate results. Finally, the chapter demonstrates that a large
portion of the total potential income loss in a région can be traced to a
few major industries: a region is most likely to suffer a permanent loss if
a flood causes the closure of industries that produce commodities whose
equivalents are readily available from foreign sources.

A general conclusion might be drawn from the results of this
assessment of income losses. The predominant role and critical impact of
assumptions has been recognized. Mcreovér,ﬂthe»fact that most losses can
be associated with a few industries has been obser&ed. Therefore, provided

that the referent area is largg_relative tq the area affected directly by

a flood, the best approach to take in assessing inéome losses should be to

concentrate on major industries and make crude estimates for minor ones.
This procedure will enable researchers td speed up the estimating process
without sacrificing much in the way of accufacy, -
Miscellaneous damagés were examined only briefly in the present
study. Part of the reason for this is that the fypes of damages in the

miscellaneous category are fairly unpredictable; part is that previous

' analyses have shown them to be of minor importance. The results of inves-

tigations that were undertaken in the present study reinforce the conclu-

sion that more detailed assessments are unwarranted,
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The methods used to project growth and real price changes in
Chapters VIII and IX are simple but adequate. They were used to derive
-forecasts that provide decision-makers with a reasonéble perspective of
the flood problem, and yet they cost little to ébply. The range of damages
resulting from the appliéation of differert growth and price trends
(Appendix G.7) gives a good picture of the impact that different future
growth patterns and price changes will have on potential damages. Con-
currently, the "most likely" future forecast pfovides an effective point
of departure for assessing the economic feasibility of flood control

projects.

-l
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APPENDIX A

RESIDENTIAL FLOOD DAMAGE




A.1 Sources of Information

1. Leddingham Construction
.C. Forest Products
A & B Builders. :
Burnstad Hardwood Floors Ltd
Floorcraft Ltd.
Western Gypsum
Steel Bros. Lumber
Color~Craft _
ABC Painting
Clardon Woodworks
B.C. Sash and Door
Aluminum Shop
Edso Plastering
Starchuk and Sampart Ltd
Fred Clarke Ltd. - 3
Armstrong Heating
Fraser Lumber Co. Ltd.
Totem Appliancé & Refrigeration

Pete Mussell's Electric- Repair Service

Nicholson Equipment.

2. Department of Public Works (Canada),

Vancouver, B c.

A.2 Classification of Houses

' Class Corresponding B.C. Appraisal Manual Type

A | -1 storey : 107, 109M*, 110
1% storeys: 117, 120%, 121
2 storeys: 125, 129, 131, 132

B 1 storey : 104, 106, 108%, 109%
1% storeys: 112, 113, 115%, 116, 118*, 119
2 storeys: 124, 127, 128, 130% '

C 1 storey : 101, 102, 103, 105
1% storeys: 111, 114%

2 storeys: . 123, 126

122,

T

* indicates most common type of house
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A.3 Costs of Replacing Flood Damaged Propérty (including labour)

Damaged Items : | Costs ($)

Class A Class B Class C *
Flooring (per sq. ft.)
Asphalt tile and plywood T2 .67 .64
Vinyl asbestos tile .53 : 45 .35
Fir plus finish oo 1.20 1.18 1.15
Hardwood plus finish ‘ 2.60 : 1.85 1.45
Wall-to-wall carpet - 1.11 - .89 -
Wall Finish (per sq. ft.) ‘ .
Gyproc ' .38 : .35 . .33
Plaster 74 .73 .72
Kitchen Cabinets (per lin. ft.) A !
Counter Units - 48.00 - 44.00 40,00
Upper Units 27.00 o 25.00 23.00
Windows (per sq. ft.) _ ‘ :
0 - 4 sq. ft. 8.50 . - - 8.30 7.80 < .
5 - 8 sq. ft. 7.60 . 7.10 - 6.60
9 - 12 sq. ft. 6.50 . 6.10 ) . 5.70
13 - 16 sq. ft. 5.85 5.55 5.25 -
16 + sq. ft. 5.25 . 5.00 4,75
Doors | 50.00 50.00 50.00
Electrical - ' .
Rewiring per appliance 100.00 .- 100.00 100.00
Exterior Finish (per sq. ft.) - .
Siding : .86 .86 .86
Stucco - v - 1.70 1.70
Insulation (per sq. ft.) | : a5 0 N .15

A.4 Structural Damage

A random sample of 203 houses was made from the asséssment rolls of
Chilliwack and Richmond municipalities. Three per cent of the houses
in both municipalities were Class "“A". Field sampling of other areas .
in the valley showed that very few Class "A" houses afe built on the

flood plain. Outside of Richmond and Chilliwack, 75% of the houses

sampled from the rolls were Class "B" and aboﬁt_Z?% were Class "C".
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The following table indicates the size of the sample taken from the

rolls and the distribution of houses of different classes.

Sample of Houses Taken from Assessment Rolls

=

Il
v

Number of Houses

Municipality Class A Class B ~ Class C ; Total
Richmond : 3 95 12 110
Chilliwack 3 55 . 35 93
Total. . "6 150 47 203

v

Since Class A houses are of such minor 1mportance and an error in the
calculation of damage for houses of this class would not significantly
affect the total damage estimate of any area, no effort was made to
select a larger sample of these houses than that derived from the random
sample. The stage-damage curves for_Class A-houses were formed on the

basis of enly six houses.

A.4,1 Structural Daﬁage - Class A Hoﬁse

A.4.1.1 Average House Characteristics

1. Average area - 1,589 sq. ft.
2. Average date of construction 7'1967:_
3. Average value - $28,506°
4, Average perimeter - 160 feet .
5. Average interior walled footage - 480 feet
6. Average interior walied’afea - 3,840lsq. ft.
7. - Average cost of restoring heating system - $28
($10 service clean-up -charge + $18 to'replace.the
’ motor;“;he type of furnace is not a major facte;),
8. Floor Finish - 75% wall to wall carpet; 25%. tile
9. Interior Finish - 667 plaster; 34Z gyproc
10. Exterior Finish - 100% siding
11. Basement - 50% of all Class A houses sampled have basements.
There are no basements in Class A houses in Richmond.

All three of the houses sampled in Chilliwack have basements.
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12. Floor levels above ground level:
Main Eloor - Richmond 2 feet
— Chilliwack 3 feet

13. Heating system - 17% oil; 50% gas; 33% hot water

A.4.1.2 Damage to Structures

~ 1. Walls & Ceilings (Interior Damage):

Structure Material Cost of Removing 0ld Material and Replacement

Walls plaster (66% x 3840 sq.ft.'k $.74/sq.ft.) = §1,875
gyproc (34% x 3840 sq.ft. x $.38/sq.ft.) = § 496
Total , B o $2,371

Ceilings plaster (66% x 1589 sq.ft. x $.74/éq-ft-) =§ 776
gyproc (34% x 1589 sq.ft. x $.38/sq.ft.) = § 205
Total R $ 981

Water 1 ft. above main floor causes $2,371 :démage to walls.

Water 8 ft. above main floor causes $3,352 damage td walls and ceilings.

2. Floor Finish

Damage ($)

Material (% of area covered by material X floor areé X removal
and replacement cost) - (depreciation if applicable.)

Carpet (75% x 1589 sq.ft. x $1.11/sq.ft.) = 25% dep. = $ 992
Tile (25% x 1589 sq.ft. x § .72/sq.ft.) . = 286
Total . $1,278

3. Doors: _ ,
15 x $50 = $750 damage at one foot of flooding.

"

T3
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. Cabinets:

Upper: 15 ft. long x $27/ft.

9 H
$1152 at 1 foot of flooding.

$ 405 at &_feet'of“flooding.
Total replacemént cost at 1 ft. of flooding above floor = $1152

Lower: 24 ft. long x $48/ft.

Total replacement cost at 4 ft. of flooding above floor = $1557.
Electrical: (Major rewiring at 1 ft. of flooding.) '

" 4 major appliances x $100 each = $400

Exterior Finish:

100% of the houses have siding; houses with basements (all in Chilliwack)

and those without (all in Richmond) suffer'similar exterior damages as

listed below.

Flood Depth

(Ft. Above Perimeter cost/sq.ft. Cumulative
Ground Level) (ft.) (%) Damage ($)
-1 X 160 X 0.86 = 138

2 X 160 X 0.86 = 276
3 x 160 X 0.86 - 414
4 x 160 bl 0.86 = 552
5 X 160 X 0.86 = 690
6 X 160 x 0.86 = 828
7 X 160 bq 0.86 = 966
8 X 160 X 0.86 = 1,104 .
9 X . 160 X 0.86 = 1,242
10 X 160 X 0.86 = 1,380
7. 1Insulation:
Flood Elevation Richmond Damage Chilliwack Damage

(Ft. Above Perimeter x Depth x Perimeter x Depth x
. Ground Level) ~ Cost = Total ' : Cost = Total
1 0160 x 1 x .15 = § 24
2 ' 160 x 2 x .15 = § 48
3 160 x 1 x .15 = $ 24 160 x 3 x .15 =8 72
4 160 x 2 x .15 = § 48 160 x 4 x .15 =% 96
5 160 x 3 x .15 = § 72 160 x 5 x .15 = $120
6 160 x 4 x .15 = § 96 ‘ 160 x 6 x .15 = $144
7 160 x 5 x .15 = $120 160 x 7 x .15 = $168
8 160 x 6 x .15 = $144 160 x 8 x .15 = $192
9 160 x 7 x .15 = $168 160 x 9 x .15 = $216
10 160 x 8 x .15 = $192 160 x 10x .15 = $240




8.

Windows:

Because Richmond houses have no basements and are about 2 feet off the

ground and Chilliwack houses have BéSementé but'tﬁeir main floor area

is only 3 feet off the ground, the two have been grouped together.

Glass areas in the houses in the two districts are approximately equal.

Ft. Above Ground

Cost of Removal and

Level at which Replacement Plus . Cumulative
Damage Occurs Damage at Lower Elevations - Total ($)
80 sq. ft. x $ 5.25 + 0 = $ 420
6 240 sq. ft. x $ 5.85 + 420 = $1,824
9. Heating:

$28 at one foot above ground level in both Richmond and Chilliwack.

A.4.1.3 Total Damage to Structures

1. Main Floor Damage Data ~ both Municipalities combined

Flood Depth $ Damage to Factors - _ : Total
(Ft. Above Interior Floors Doors Cabinets Electric Cumulative
Main Floor) Finish ' : ' : $ Damage

0 - 1,278 - - = - $1,278

1 2,371 1,278 750 1,152, .- 400 $5,951

2 2,371 1,278 750 1,152 400 $5,951

3 2,371 1,278 750 - 1,152 400 - $5,951

4 2,371 1,278 . 750 1,557 . 400 $6,356

5 -2,371 1,278 750 1,557 _»5400j . $6,356

6 2,371 1,278 750 1,557 ° - 400 -$6,356

7 2,371 1,278 750 1,557 400 $6,356

8 3,352 1,278 750 - 1,557 400 $7,337
2. Basement Damage = 25% of Main Floor Damage: (This estimate was

derived in consultation with Municipal Appraisers).

(Table on following page.)

(L}
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Flood Depth |
(Ft. Above 0+ 1 2 3 4
Basement .Floor) :

Cumulative ' o ,
Damage ($) 320 1488 1488 1488 1589

1589 1589 1589 1834

3. Exterior Damage

Flood Depth _ $ Damage .
(Ft. Above Exterior Insulation - Windows Heat Total
Ground Level) Finish. :
Richmond
1 138 - - 28 166
2 276 - - 28 304
3 414 24 - 28 466
4 552 - 48 420 28 1,048
5 690 72 - 420 28 1,210
6 828 96 - 1,824 28 2,776
7 966 - 120 1,824 28 2,938
8 1,104 - 144 1,824 28 3,100
9 1,242 168 1,824 28 . 3,262
10 1,380 192 1,824 28 3,424
Chilliwack _
1 138 24 - 28 190
2 276 48 = 28 352
3 . 414 72 . .- - . 28 514
4 552 96 420 28 1,096
5 690 - 120 420 28 1,258
6 828 144 1,824 28 2,824
7 966 168 1,824 28 - 2,986
8 1,104 192 01,824 - 28 3,148
9 1,242 216 : 1,824 28 3,310
10 1,380 240 1,824 - 28 3,472

A.4.2 Structural Damage — Class B House

ALGL2.1 Average House Characteristics

1. Average area - 1,077 sq. ft.
2. Average date of construction - 1953
3. Average value - $15,100

S
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Average perimeter - 136 ft,

Average interior walled footage -~ 352 ft.

. Average interior walled area - 2,820 sq. ft.

~N O

Average cost of restoring heating system -~ $28.00

($10.00 service clean-up charge plus $18.00 to replace the motor;

the type of furnace is not a major factor.)

8. Floor finish = 12% wall to wall carpet;_36% hardwood; 297 tile; 237 fir
flooring. ’ - ' )

9. Interior Finish - 60% plaster; 40% gyproc.

10. Exterior Finish =~ (see A.4.2.2.(6)) :

11, Basements =~ 33% of Class B Chilliwack houses have basements.

65% of Class B Richmond houses have basements.

45% of all Class B houses have basements.

12. Floor levels above ground level =~

Non-Basement houses - main floor - ~Richmond

_ 2 ft.

. Chillivack 1 ft.

Basement houses - main floor _  Richmond: 8 ft.
- ‘Chilliwack 3 ft.
Basement floor levels o ',‘Richmond 0 ft.

Chilliwack 5 ft.
13, For houses which had siding in the lowér paft of‘ﬁhe'house and stucco
in the upper: B

In basement houses, siding extended up'to:9’feét above ground.

In non-basement houses, siding extended up to 3 feet above ground.

A.4.2,.2 Damage to Structures

1. Walls and Ceilings (interior damage):.

Structure Material Cost of Removing 01d MAterial and Replacing
Walls » plaster (60% x 2,820 sq.ft. x $.73 'sq.ft.) = $1,235
gyproc (40% x 2,820 sq.ft. x $.35 sq.ft.) = $ 395
Total - ' $1,630

Table continued on Page 9.
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1.

Continued
Structure _-Material' Cost- of Removing Old Material and Replacing
Ceilings plaster  (60% x 1,077 sq.ft. x $:73 sq.ft.) = $ 472
gyproc (40% x 1,077 sq.ft. x $.35 sq.ft.) = § 151
. Total » ' ‘ ' 5 A $. 623
Water 1 foot above main floor causes $1,630 damage to walls
Water 8 feet above main floor causes.$2 253 damage to walls and ceilings.
2. Floor Finish: .. . : : . .. o C
Damage ($)- .
Material (% of area covered by material x floor area x removal and
replacement cost) -(depreciation if applicable)
Carpet (12% x 1,077 sq.ft. x § .89 sq.ft.) -~ (25% Dep.). = $ . 86
Hardwood (367 x 1,077 sq.ft. x $1.85 sq.ft.) =$ 717
Tile (29% x 1,077 sq.ft. x § .67 sq.ft.) . = § 209
Fir Flooring (23% x 1,077 sq.ft. x $1.18 sd.ft.) ' ’ =$§ 292
Total : o : ' - $1,304
3. Doors: _ S
11 x $50 each = $550 damage at 1 foot of flooding
4. Cabinets: . , : _' - o
Lower: 18 ft. long x $44/ft. = $792 at 1 foot- of flooding
Upper: 10 ft. long x $25/ft. = $250 at 4 feet of flooding
Total replacement cost at 1 ft. of flooding above floor = 3792“
Total replacement cost at 4 ft. of flooding'aBOVe floor = $1,042
5. Electrical (major rewiring at 1 ft. of floading):
3 major appliances at $100 each = $300
6. Exterlor Finish:

Six categorles of houses were identified in the two districts:

" (a) Sldlngbasement
(b) Siding non-basement;
(c) Stucco basement;
(d) Stucco- non-basement; .
(e) Mixed stucco-siding basement
(f) Mixed stucco-siding non-basement;
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The repair costs of shingle and siding are similar so no distinction
was made between the two in the anaiysis.ﬂ In Richmon&, 20% of the
houses are shingles and siding, 17% are stucco, and 63% are mixed.

In Chilliwack, 59% are shingles and sidihg, 30% are stucco, and 11%
are mixed. ‘ ‘ B '

The various amounts of damage to the differénf exterior finishes in
each area were weighted by the proportion with and without basements.
The resulting weighted damage estimateé'fOI each of the six classes of
houses were then added togetﬁer for each area. This gave the final
exterior finish damage figure per foot of water aboVe ground level for

the "average" Class B house in each area.

Calculations were as follows:

(a) Siding Finish - Class B Houses with Basements:

Flood Depth . Siding - Basements Cumulative
(Ft. Above Perimeter Cost/sq.ft. ' In Area 'In‘Area Damage
Ground .Level) (ft.) ($) R ¢ %) €))
Richmond L
1 X 136 x  0.86 x 20 x 33 = 8
2 X 136 x 0.86 - x 20 x 33 = 16
-3 X 136 x 0.86 x 20 X 33 = 24
4 X 136 x  0.86 x 20 x 33. = 32
5 b4 136 x 0.86 x 20 " x 33 = 40
6 X 136 x  0.86 . x 20  x .33 = 48
7 x 136 x 0.86 ~x. 20 " x . 33 = 56
8 X 136  x 0.86 "x  200  x 33 = 64
9 X 136 x 0.86 - 'x 20 - x 33 = 72
10 X 136 x 0.86 x- 20 . x = 33 = 80
Chilliwack ‘
1 x 136 x 0.86" x' 59 ' x 65 = 45
2 X 136 x 0.86 x 59 x 65 = 90
3 X 136 x 0.86 S x. 59 X 65 = 135
4 X 136 x 0.86 x 59 - x 65 = 180
5 X 136 x 0.86 x 59  x 65 = 225
6 X 136 x - 0.86 x - 59 b'4 65 = 270
7 X 136 x 0.86 x 59 X 65 = 315
8 X 136 x 0.86 x 59 X 65 = 360
9 X 136 x 0.86 x 59 X 65 = 405
.10 X x.  0.86: x. x. . .65 = 450

136 59
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(b) Siding Finish - Class B Houses with no Basement:

Floor Depth .Siding. Basements Cumulative
(Ft. Above Perimeter' * Cost/sq.ft. In Area In Area = - Damage
Ground Level). (ft.): ) - (@ ) %
Richmond ,
1 x 136 P 0.86 x 20 X 67 = 16
2 X 136 - x 0.86 x 20 X 67 = 32
3 x © 136 X 0.86 x 20 X 67 = 48
4 X 136 X 0.86 . =x. 20 x 67 = 64
5 b4 136 x 0.86 x . 20. X 67 = 80
6 X 136 X 0.86 x 20 x 67 = 96
7 x 136 x 0.86 "~ x 20 «x 67 = 112
8 X 136 . x 0.86 -~ x 20 X 67 = 128
9 x 136 X 0.86 x 20  x 67 = 144
10 X 136 X 0.86 . x 20 X 67 = 160
Chilliwack
1 X 136 x 0.8 x 59 X 35 = 24
2 X 136 X 0.86 X 59 X 35 = 48
3 X 136 X 0.86 x 59 X 35 - = 72
4 X 136 . x 0.86 x .59 X 35 = 96
5 x 136 x 0.86. x 59 x 35 = 120
6 X . 136 x  0.86 x 59 x 35 = 144
7 X 136 X 0.86 x 59 b 35 = 168
8 x 136 | x 0.86 x 59 -x 35 = 192
9 X 136 . x 0.86 x. 59 X 35 = 216
10 x 136 x 0.86 x 59 X = 240

35

(¢) Stucco Finish - Class B House with Basement:
I stucco is touched with flood water, the entire stucco wall must be '

replaced.

Richmond: if Water'reaches a'depth\offdne foot above ground level,
8 feet of stucco must be replaced; if it reaches 9 feet in depth, 16
feet of stucco must be replaced.

- Flood depth of 1 to '8 feet above ground:

8 ft. x 136 ft. x $1.70 x 17% x 33% = $104

- Flood depth of 9 feet ot more above ground:

16 ft. x 136 ft. x $1.70 x 17% x 337 = $208

[y
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11 feet of stucco must be replaced when flood depths reach 1 foot

above ground level.

-~ Flood depth of 1 to 11 feet above ground'
11 ft. x 136 ft. x $1.70 x 30% x 657 = $496

(d) Stucco Finish - Class B House with No Basement:

Stucco on both Richmond and Chilliwack houses will be totally

destroyed when water level reach 1 foet above ground ievel.

Richmond:

- Flood depth of 1 ft. or more above ground:
8 ft. x 136 ft. x $1.70 x 17% x 67% = $211 -
Chilliwack:

- Flood depth of 1 ft. or more above ground:
8 ft. x 136 ft. x $1.70 x 30% x 35% = "$194

(e) Mixed Stucco-Siding Finish — Class B Houses with Basements:

Flood Depth ‘Mixed Basements Cumulative
(Ft. Above Perimeter Cost/sq.ft. .In Area In Area Damage
Ground Level) (ft.) ($) B0 NN ¢ ($)
Richmond 7 .
1 X 136 x 0.86 x. 63 .x . 33 = 24
2 X 136 x 0.86 x 63 .x - 33 = 48
3 X 136 x 0.86 . x 63 x 33 = 72
4 X 136 x 0.86 -~ x 63 x 33 = 96
5 X 136 X 0.86 x 63 x 33 = 120
6 x 136 X 0.86 'x 63 . x . 33 = 144
7 X 136 X 0.86 x .63 x - 33 = 166
8 X 136 x 0.86 ~"x. 63 . X "33 = 192
9 X 136 X 0.86  x 63 'x. 33 = 216
(10 and S
greater): (8 x 136 x $1.70 x .63 x .33) + $216 $600
Chilliwack L
1 x 136 X 0.86 x 11 x 65 = 8
2 X 136 x 0.86 x 11 x - .65 = 16
3 X 136 x 0.86 x 11 x 65 = 24
4 X 136 x 0.86 x 11 'z 65 = 32
5 X 136 X 0.86 x 11 x 65 = 40
(6 and ‘
. greater)

t (6 x 136 x $1.70 x .11 x .65) + $40 = §139

a: There are 6 ft. of stucco above 5 ft. above ground level.

3
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(f) Mixed Stucco-Siding - Class B Houses with no Basement:

Flood Depth

Mixed . Nd Basement

: T Cumulative
(Ft. Above ) Pgrimeter Cost/sq.ft. In Area In Area Damage
Ground Level) (ft.) % @) ' (%) (%)
Richmond 't »
1 X 136 X 0.86 x 63 x 67 = 49
2 X 136 X 0.86 x 63 X 67 = 98
3 X 136 x 0.86 x 63 x 67 = 147
(4 and . : Lo , L :
greater): (5 x 136 x $1.70 x .63 x .67) + $147 = $635
Chilliwack
1 X 136 x 0.86 x 11 X 35 = 5
2 X 136 X 0.86 x 11 x 35 = 10
3. X 136 x 0.86 x 11 X 35 = 15
(4 and S -
greater): (5 x 136 x $1.70 x .11 x .35) + $15 =860
(g) Total Exterior Finish Damage ($) to '"Average' Class B House:
Flood Depth _ Siding Stucco Mixed v
(Ft. Above with with no with with no. with with no. Total
Ground Level) Basement Basement Basement Basement Basement Basement Damage
Richmond : : .
1 -8 16 . 104 211 - 24 49 412
2 16 32 104 211 - 48 98 509
3 24 48 104 -.211 72 147 606
4 32 64 1046 - 211 96 ~635 1142
5 40 80 . 104 211 120 635 1190
6 48 96. 104 211 144 635 1238
7 56 112 - 104 211 166 635 1284
8 64 128 104 - 211 192 635 1334
9. 72 144 208 - 211 - = 216 635 1486
10 80 160 208 - 211 600 635 1894
Chilliwack -
1 45 24 496 194 - 8 5 772
2 90 48 496 ©194 - 16 10 - 854
3 135 72 496 194 24 15 936
4 180 96 . . 496 - 194 - 32 60 1058
5 225 - 120 496 194 - 40 60 1135
6 270 144 - 496 . 194 139 60 1303
7 315 168 ~~ 496 - - 194 . - 139 60 1372
8 360 192 496 . 194 139 60 1441
9 405 216 496 194 139 60 1510

9400 496 0 1940 139 ¢ ¢ -
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7. Insulation;: .
Since 33% of the Class B houses sampled have main floors.at 8 feet
above ground level (most of those in Richmond), the increase in damage
to insulation that would occur at 9 and 10 feet of flooding has been
weighted by this factor. Any variation in inéulation'damage té houses
in the two districts is insignificant so no distinction is made between

the two areas,

Flood Depth . , C
(Ft. Above Perimeter x Depth x Cost/sq.ft.

=  Damage ($)
Ground Level)
1 136 x 1 X 0.15 = 20
2 136 x 2 X - 0.15 = 40
3 136 x 3 X 0.15 = 60
4 136 x 4 X 0.15 = 80
5 136 x 5 x 0.15 = 100
6 136 X 6 X 0.15 - = 120
7 136 x 7 x 0.15 = 140
8 136 X 8  x 0.15 = 160
9 .33 (136 X 1 x 0.15)+160 = 167
10 .33 (136 x 2 X - 0:.15)4+160 = 174

8. Windows: o
" There are similar glass areas iﬁ,houses>in-éaCh district. The difference
between areas is accounted for by the different heights of the windows

above ground level.

(a) Houses with Basements

Ft. above Ground : e A
Level at which (Cost of Replacement + Removing 01d) x =~ Cumulative

Damage Occurs (% basements) + (Damagé at Lower Flood) Total ($)
Richmond S o .
2 (72 sq.ft. x 7.10/sq.ft.) x (33%) + 0 = 169
12 ‘ (180 sq.ft. x 6.10/sq.ft.) x (33%)‘+ 169 = 531
Chilliwack ‘ ‘ '
1 “(72 sq.ft. x 7.10/sq.ft.) x (65Z) + O 332

1,046

7 - (180 sq.ft. x 6.10/sq.ft.) x (65%) + 332.
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(b) Houses with no Basements

Ft. Above Ground :
Level at Which ._ (Cost of Replacement + Removing 01d) x Cumulative

Damage Occurs . (% basements) + (Damage at lower flood) Total ($)
Richmond | ' | o
3 (32 sq.ft. x $5.00/sq.ft.) x 67% +.0 = 107
5 (76 sq.ft. x $7.10/sq.ft.) x 67% + 107 = 469
Chilliwack L , ) S )
3 (32 sq.ft. x $5.00/sq.ft.) x 352 '+ 0 = 56
5 (76 sq.ft. x $7.10/sq.ft.) x 35% + 56 = "245

(¢) Total Damage to Windows in "Average' B house in Each Area
_ g g

Flood Depth

(Ft. Above Damage
Ground Level) _ (%)
Richmond L
3 107 + 169 = $§ 276
5 . 469 + 169. = $ 638
12, 531 + 469 = $1,000
Chilliwack
2 o o = S .332 .
3 756 + 332 = § 388
5 - 2457+ 332 = § 577
7 1,046 + 245 = $1,291

9. Heatingzl . _ . N _
At one foot above ground level in both Riéhmdﬁd'and Chilliwack,
 damages. = $28 S .
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A.4.2.3 Total Damage to Structures:

1. Main Floor Damage Data - both Mhnicipalitiés cqmbihedg

Flood Depth o ~$ Damage to Factors =~ Total
(Ft. Above ' Walls + Floors Doors Cabinets Electric Cumulative
Main Floor) Ceilings ‘ ' ' Damage ($)

o+ - 1,304 - - Co- $1,304

1 1,630 1,304 550 792 - 300 4,576

2 1,630 1,304 550 792 ©.300 4,576

3 1,630 1,304 550 © 792 - -300 4,576

4 1,630 = 1,304 550 1,042 300 4,826

5 1,630 1,304 550 1,042 - 300 4,826 .

6. 1,630 - 1,304 550 1,042 ° 300 - 4,826

7 1,630 1,304 550 - 1,042 - 300 4,826

8 2,253 1,304 550 © 1,042 300 5,449

2. Basement Damage = 25Z of Main FloorlDémagg.‘ (This estimate was derived

in consultation with Municipal Apprgisérs;)»

Flood Depth ‘ o ‘ :
(Ft. Above 0 1 2 -3 4 5. 6 7 8
Basement Floor)

Cumulative ' ' . . o ‘
Damage ($) 326 1144 1144 1144 1207 1207 1207 1207 1362

3. Exterior Damage

Flood Depth $ Damage - -

(Ft. Above + Exterior 1Insulation Windows  Heat -Total

Ground Level) Finish ' ‘ - " Damage

Richmond _ :
1 412 20 - 14 446
2 509 40 169 28 746
3 606 60 276 28 970
4 1142 80 276 28 1526
5 1190 100 638 . 28 1956
6 1238 . 120 . 638 28 2024
7 1284 140 638 - 28+ 2090
8 1334 160 . 638 28 2160
9 1486 : 167 638 . 28 2319
10

1894 174 638 28 2734

I3
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3. Continved,

Flood Depth ’ $ Damage R ‘ .
(Ft. Above Exterior - Insulation  Windows  Heat  Total
Ground Level)  Finish = I ©_ Damage
Chilliwack - . _ e ‘ . .
1 772 - .20 , - .28 820
2 . 854 40 .- 332 28 1254
3 © 936 - 60 388 - 28 : 1412
4 . 1,058 . 80 .. -388 28 . 1554
5 1,135 100 - 577 28 1840
6 1,303 120 . 577 . 28 2028
7 1,372 140 1,291 28 2831
8 1,441 160 o 1,291 - .28 - 2920 .
9 1,510 167 1,291 _ 28 2996
10 1,579 174 . 1,291 28 . . 3072"

A.4.3 Structural Damage - Class C House -

A.4.3.1 Average House Characteristics

. Average area - 760 sq.ft.

Average date of construction. - 1939__,
Average value - $6,456 . -
Average perimeter - 104 ft.

Average interior walled footage:f_234_ft.

. Average interior walled-area - 1,872 sq;,ft,:“

N oL W N M

. ‘Average cost of restotring heating system:
$28 for the restoration of‘aefnrnace..'
$10 for the restoration of a stove. | '
Since 664 of the houses have- furnaces and 444 have stoves, the
average damage to heating systems, when water reaches one foot
above ground, is $23 )
8. ‘Floor Finish - 19% tile and 11noleum, 81% f1r
- Carpet and hardwood were found in less than 1/ of the houses
_e-and were therefore ignored.
19, -Inter1or Finish - 73/ gyproc; 27%. plaster . .
10. Exterior Finish - 72£ 31d1ng (and shingle), 28% stucco (mlxed stucco-
siding houses represent less than 5% of the total and are included in

the stucco category).
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11. Basements - 8% of all Class C houses in Richmond.have basements.
20% of all Class C houses in Chilliwack haVe'basements.
12. Floor Levels above Ground Level: ' '

Non-basement houses = Main Floor - = ‘Richmond

1 ft.

- Chilliwack 1 ft.

Basement houses —~ Main Floor - Richﬁondr' 8 ft.

. = Chilliwack . 3 ft.
Basement Floor Level - Richmond = 0

ft.
= Chilliwack -5 ft.

"~ A.4.3.2 Damage to Structure:

1. Walls and Ceilings (Interior Damagéj:

Structure Material Cost of Removiﬁg 01ld Material and Replacing

Walls plaster 27% x 1872‘éq.ft.'x $ .72 = . § 364
gyproc 73% x 1872 sq.ft. x $ .33 = § 451
Total $§ 815

Ceilings plaster ' 27% x_760.sq.ft. x $ ;72 = $§ 148
gyproc 73% x 760 sq.ft. x $°.33- = § 183
Total o $ 331

Water 1 ft. above main floor causesv$815,damag§fto walls.

Water 8 ft. above main floor causes $l,l46‘damage t¢'wa11s & ceilings.

2. Floor Finish:

Damage ($)- .
Material (% of area covered by material) x (floor area) x (removal &
' replacement cost)

Tile-Linoleum (19% x 760 sq. ft. x'$ .35/sq.ft.) : = $ 51
Fir © (81% x 760 sq. ft. x $1.15/sq.ft.) - $708

Total - . 8759
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3. Doors: . _
7 x 550 = $350 damage at one foot of flooding.
4. ‘Cabinets: _‘ ' v
Lower: 10 ft. long x $40/ft.
Upper: 5 ft. long x $23/ft.

$400 at 1 ft. of flooding.
$115 at 4 ft, of flooding.
Total replacement cost at 1 ft. of flooding:above flooxr = $400.

Total replacément cost at 4 ft. of flooding above floor = $515.
5. Electrical: - , e |
(Major re-wiring at 1 ft. of flooding)
1 major appiiénce X $100teach'= $100.
6. Exterior Finish: . ,
Damage was weighted on the basis of the methodology outlined for
Class B houses (A.4.2.2 (6) )

Calculations are as follows:

(a) Siding,Finiéh - House with Basemént

Flood Depth , _ . Siding - Basements Cumulative
(Ft. Above Perimeter Cost/sq.ft. For Area 1In Area Damage
Ground Level) (ft.) . (€ N ¢ (%) (%)
Richmond .
1 X 104 x 0.8 -x 72 . x- '8 = . 5
2 X 104 x 0.86. x 72 x 8 = 10
3 X 104 x 0.86 x 72 x 8 = 15
4 X 106 x 0.86 x 72 X 8 = 20
5 X 104 x 0.86 x 72 x 8 = 25
6 X . 104 x 0.86 x 72 X 8 = - 30
7 CX 104 x 0.86 x 72 x, 8 = 35
8 . X 104 x 0.86 x 720 x 8 =~ = , 40
9 © X 104 x 0.86  x 72 .. x "8 = 45
10 X 104 b 4 - 0.86 -x 72 .. x. §‘ = 50
Chilliwack o o L
1 X 104 x 0.86 x 72 x 20 = 13
2 - X - 104 X 0.86 x .72 . x 20 = 26
3 X 104 x 0.86 x 72 x 20 = 39
4 X 104 x 0.86 x 72 ° x 20 = 52
5 X 106 x = 0.86. x 72 x 20 = 65
6 X 104 x 0.86 x 72 x 20 = 78
7 X 106 x 0.8 x 72 x 20 = 91
8 X 104 x 0.86 x 72 x 20 = 104
9 X 104 x 0.86 x 72 x 20 = 117
10 X 104 X 0.86 X 72 x 20 = 130
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(b) Siding Finish -~ House with no basement;

Flood Depth Siding Basements Cumulative
(Ft. Above , Perimeter Cost/sq.ft. ~ For Area In Area Damage
Ground Level) o (fry) . s . : @)y B¢ I ($)
Richmond
1 x 106 x 0.86 x 72 x 92 = 59
2 x 104 x -~ 0.86 =x 72 x 92 = 118
3 X 104 x 0.8 x 72 x 92 = 177
4 X 104 x 0.86 =x 72 X 92 = 236
5 p 4 106 x 0.86 x 72 p.S 92 = 295
6 X 104 x 0.86 x 72 X 92 = 354
-7 X 104  x 0.86 x 72 x 92 = 413
8 & greater x 104 x 0.86 x 72 x 92 = 472
Chilliwack S
1 X 104 x 0.86 =x 72 . x 80 = 52
2 X 104 x 0.86 x 72 b4 80 = 104
3 X 104 x 0.86 x- - 72 X 80 = 156
4 X 104 x 0.86 x 72 . x 80 . = 208
5 X 104 X 0.86 x 72. x 80 = 260
6 X 104 x 0.86 x 72  x 80 = 312
7 b4 104 x 0.86 x 72 x 80 = 364
8 & greater x 104 x 0.86 x 72 x 80 = 416

(c) Stucco Finish - House with Basement: = _
If stucco is touched by flood water, the entire stucco wall must be

replaced.

Richmond: : .

If flood waters'reach one fbot éone'grqﬁnd_Ievei, 8 feet of stucco
must be replaced; if it reaches 9 feet;”lé.feet must -be replaced.

Flood depth of 1 to 8 £t.: 8 x 104 ft. x $1.70 x 28% x 8% = $32

Flood depth of 9 ft. and greater: 16 x 104 ft, x $1.70 x 28% x 8% = $63

Chilliwack: S -

11 feet of stucco are destroyed in Chilliwack when flood depths reach
one foot above ground level. '

Flood depth of 1 to 11 ft. above ground:

11 x 104 ft. x $1.70 x 28% x 20% = $109
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(d) Stucco Finish - House with no Basement:
Richmond:
Flood depth of 1 ft. or more above ground:
8 x 104 x 81.70 x 28% x 92% = $364
Chilliwack:

Flood depth of 1 ft. or more above ground:
8 x 104 x $1.70 x 28% x 80% - $317

(e) Total Exterior Finish Damage to "Averége" Class C House;

Flood Depth Siding Stucco . Total

(Ft. Above .with. - with no with with no Cumulative
Ground Level)  Basement Basement Basement Basement . - Damage ($)
Richmond :
1 5 59 32 364 460
2 10 - 118 32 364 524
3 15 - 177 32 - 364 T . 588
4 20 . .236 32 . 364 . 652
5 25 - - 295 32 - 364 : 716
6 30 354 32 364 780
7 35 T 413 32 364 ‘ 844
8 - 40 472 320 - 364 908
9 45 C 472 - 63 - 364 . 944
10 50 472 -~ - 63 - 364 - ' 949
Chilliwack T : , N A
1 13 52 109 317 491
2 26 104 109 317 556
3 -39 - 156 109 . 317 : 621
4 52 208 109' . 317 686
5 65 260 109 . 317 751
6 78 . 312 109 . 317 816
7 91 364 109 . 317" 881
8 104 416 109 317 946
9 117 . 416 = 109 - 317 959
10 130 .. --416 . " 109 ‘ .317 ' _ 972

7. Insulation: _ _ S
17% of the Class C housés sampled ﬁaVe ﬁaih floors 8 feet above ground
'lével. Thus, the increase in damage'to»insulatioﬁ that would occur
between 9 and 10 feet of flooding has beén weighted by this factor. The

two areas have been grouped togetherzfpr;tﬁis type of damage.
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Damage to Insulation

Flood Depth

(Ft. Above g
Ground Level) .. Perimeter .. x = Depth . . x- 'Cost/sq.ft. = _ $ Damage
1 104 x 1 x  0.15 = 16
2 104 x 2 x ~ 0.15 = 31
3 . 104 ps 3 X 0.15 = 47
4 . 104 x 4 x 0.15 = - 62
5 : 104 x 5 X - 0,15 = 78
6 104 x 6 X 1 0.15 = 94
7 104 x. 7 X 0.15 - = 109
8 104 X 8 X 0.15 - = 125
9 .17 (104 X -1 X . 0.15)+125 = 128
10 .17 (104 X 2 b 4 0.15)+125 = 130
8. Windows
(a) Total - Richmond (basement and non-basement houses):
- Flood Depth o _
(Ft. Above (Cost of Replacement + Removing 01d) Cumulative
Ground Level) . + (Damage at Lower Flood) ' : Total ($)
3 30 sq.ft. x (4.75/sq.ft.) + 0 = 143
5 48 sq.ft. x (6.60/sq.ft.) .+ 143 = 460
() ChilliWack
Flood Depth S _ L
(Ft. Above - (Cost of Replacement & Removing 01d) x (% Basement Cumulative
Ground Level) or non-basement) + (Damage at Lower Flood) ~ Total (§)
House with Basement : - ‘ " o
2 (48 sq.ft. x (6.60/sq.ft.) x 20%2 + O = 63
7 (120 sq.ft. x (5.25/sq.ft.) x 20% + 63 = 189
House with No Basement : ' . 3 : A_
‘ 3 (30 sq.ft, x (4.75/sq.ft.) x 802 + O = 114
5 (48 sq.ft. x (6.60/sq.ft.) x 80% + 114 = 367
Total - All Houses " ‘ ’ ' ,
2 63+ 0. = 63
3 114 + - 63 = 177
5 367 + 63 = 430
7 189 + 367 = 556
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9. Heating:

$23 at one foot above ground level.

A.4.3.3 Total Damage to Structures

1. -Main Floor Damage Data - both Muniéipalities cohbined{

Flood Depth . $ Damage to Factors Total

(Ft. Above Interior Floors. Doors Cabinets Electric  Cumulative
Main Floor) Finish - : Damage ($)
0 - 759 - - - 759
1 815 759 350 400 100 2424
2 815 - 759 350 © 400 100 2424
3 815 - 759 - 350 400 100 2424
4 815 - 759. - 350 515 100 2539
5 815 759 350 515 100 2539
6 - 815 759 350 515 100 2539
7 815 759 350 515 - 100 2539

8

1,146 759 350 515 100 © . 2870

2. Basement Damage - 25% of Main Floor Damage

Flood Depth ' . S
(Ft. Above o+ 1 2 3. a 4 5 6 7 8
Basement Floor) S I SR

Cumulative 190 '606 606 606. - 635 635 .-635 635 718
Damage ($) : ‘ E L . _

3. Exterior Damage

Flood Depth - o - § Damage

(Ft. Above"’ Exterior Insulation  Windows - Heat Exterior
Ground Level) - Finish = E v Damage
Richmond o , , : .
1 460 - . 16 - 23 499
2 524 o 31 - 23 578
3 588 - _ 47 143 . . 23 801
4 652 : 62 143 23 : 880
5 716 78 . 460 23 1,277
6 780 94 460 23 1,357
7 844 : 109 460 23 1,436
-8 908 125 460 23 - 1,516
9 944 128 460 23 1,555
10 949 - . 130 » 460 23 1,562
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Flood Depth

"~ $§ Damage

(Ft. Above Exterior Insulation Windows Heat Exterior
Ground Level) Finish : Damage
Chilliwack S
1 491 16 - .23 530
2 556 31 63 - 23 673
3 621 47 177 23 - 868
4 686 62 177 - 23 948
5 751 78 430 23 1,282
6 816 94 430 23 1,363
7 881 109 556 23 1,569
8 946 125 556 .23 1,650
9 959 128 556 - 23 1,668
10 972 130 556 - 23 1,681
A.5 Content Damage
A.5.1 Class A House
1. Average value - $28,506 , ,
2. Total value of contents - 40% x $28,506 = $11,402,
3. Distribution of content value in houses with baéements -
Main Floor value - 90% x $11,402 = $10,262
Basement value - 107 x $1l,402_='$'1,140.; .
4._ Damage to Contents on Main Floor: o L
Flood Depth : _
(Ft. Above $ Damage to Contents
Main Floor) House with Basement ’ House with no Basement
1 25% x $10,262 = $2,565 . '25% x $11,402 = $2,850
2 45% x $10,262 = $4,618 45% x $11,402 =.$5,131
'3 60% x $10,262 = $6,157 607 x $11,402 = $6,841
4 70% x $10,262 = $7,183 70% x $11,402 = $7,981
5 75% x $10,262 = $7,697 75% x $11,402 = $8,552
6 and greater 80% x $10,262 = $8,210 = §9,122

80%.x $11,402
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5. Damage to Contents of Basements:

Flood Depth o .
(Ft. Above " "7 § Damage to Conterts
Basement Floor) : S _—

1 252 x- $1,140 = $285
2 C45% x -$1,140 = $513
3 60% x $1,140 = $684
4 70% x $1,140 = '$798
5 ) .. .75% x-$1,140 = 4855
6 and greater o 80% x $1,140 = $912

A.5.2 Class B House

1. Average value - $15;100 _ -
Total Value of contents - 40% x $15,100 = $6,040
3. ﬁistributioﬁ.of éoﬁtént value in houses with basements -
~ ‘Main Floor value - 90% x § 6,040 = $5,436

Basement value - 10% x § 6,040 = § 604
4. Damage to contents on main floor: S
Flood Depth , " . $ Damage to Contents _ _
(Ft. Above House with Basement = .. - House with no Basement
Main Floor) I
1 25% x $5,436 = $1,359 . 25% x $6,040 = $1,510
2 45% x $5,436 = $2,446 . . - . . 457 x $6,040 = $2,718
3 60% x $5,436 = $3,262° - . 60% x $6,040 = $3,624
4 . 70% x $5,436 = $3,805 - 7 . .- 70% x $6,040 = $4,228
5 - 757 % $5.436 = $4.077. . 757 x $6.040 = $4,530
6 and greater 807 x $5,436 = = $4,832

$4,349 . . 80% x $6,040

5. Damage to contents of basement:

Flood Depth

(Ft. Above

Basement Floor) $ Damage to Contents
1 25% x $604 = $151
2 45% x $604 = $272
3 60%Z x $604 = $362 -
4 70% x $604 = $423
5 75% x $604 = $453

6 and greater 80% x $604 = $483
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A.5.3 Class C House

1. Average value - $6,456 -

2. Total value of contents - 407 x $6,456 =.$2,582

3. Distribution of content value in houses with basements -
Main Floor value — 90% x $2,582 = $2,324 o
Basement value - 10% x $2,582 ='$ 258

4, Damage to Contents on Main Floor:

Fiood Depth

(Ft. Above $ Damage to Contents

Main Floor) House with Basement - House with no Basement
1 25% x $2,324 = § 581 25% x $2,582 = § 646
2 45% x $2,324 = $1,046 45% x $2,582 = $1,162
3 607 x $2,324 = $1,394 . 60% x $2,582 = $1,549
4 70% x $2,324 = $1,627 ' . '70% x $2,582 = $1,807
5 75% x $2,324 = $1,743 - 75% x $2,582 = $1,937

6 and greater 80% x $2,324 = = $2,066

1$1,859 © 7 80% x $2,582

5. Damage to Contents of Basement:

Flood Depth . ,
(Ft. Above $ Damage to Contents - -
Basement Floor) : B

25% x $258 = § 65

1 =

2 45% x $258 = $116.

3 60% x $258 = $155

4 70% x $258 = $181
5 75% x $258 = $194 -

6 and greater 80% x $258

$206
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A.6 Combined Structural and Content Damage .

A.6.1 Class A House

1. Main Floor Damage

Flood Depth’ House with Basement . ~  House with no Basement
(Ft. Above Structural Content Total .Structural Content Total
Main Floor) Damage Damage Damage Damager =  Damage  Damage
s $ $ 0§ $
0+ 1278 - 1278 . 1278 - 1278
1 5951 2565 - 8513 5951 - 2850 8801
2 5951 © 4618 10569 5951 . 5131 11082
N3 5951 6157 12108 5951 6841 12792
4 6356 7183 13539 . 6356 . 7981 14337
5 6356 7697 14053 6356 8552 14908
6 6356 8210 14566 6356 9122 15478
7 6356 - 8210 14566 ~ 6356 9122 15478
8 7337 8210 15547 7337 9122 16459
g

2. Basement Damage

Flood Depth ‘ Structural .. Content . Total

(Ft . Above Damage - R Damage . Démage

Basement Floor) $ ' - § e S
O+ 320 . - 320
1 1488 ' 285 1773
2 1488 : - 513 2011
3 1488 o 684 : 2172
4 , 1589 « . 798 - 2387
5 1589 . - 855 2444
6 1589 912 2501
7 1589 : . - 912 - : 2501
8

1834 , 912 - : 2746

3. Exterior Damage (See A.4.1.3 (3) )



~ 28 -

A.6.2 Class B House

1. Main Floor Damage . .

Flood Depth House with Basement ‘House with no Basement
(Ft. Above Structural Content Total Structural Content Total
Main Floor) Damage Damage  Damage Damage Damage Damage
$ $ $ -8 $ $
O+ 1304 - 1304 1304 - 1304
1 4576 1359 5935 4576 . -1510 6086
2 4576 2446 7022 4576 2718 7294
3 4576 3262 7838 4576 ‘ 3624 8200
4 4826 3805 8631 4826 4228 9054
5 4826 4077 8903 4826 4530 9356
6 4826 4349 9175 4826 4832 9658
7 4826 4349 9175 4826 4832 9658
8 5449 4349 9798 5449 4832 10281

2. Basement Damage

Flood Depth Structural Content Total

(Ft. Above Damage Damage Damage
Basement Floor) $ $
/
O+ 326 - 326
1 1144 151 1295
2 1144 272 1416 -
3 1144 362 1506
4 1207 423 1630
5 1207 453 1660
6 1207 483 - 1690
7 1207 - 483 1690 .
8 1362 483 1845 - '

3. Exterior Damage (See A.4.2.3 (3) ).
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A.6.3 Class C Houée
*

1. Main Floor Damage : S ‘

Flood Depth . House with Basement House with no Basement

(Ft. Above ' Structural Content Total Structural Content Total

Main Floor) Damage = .-Damage Damage  Damage Damage Damage

8 ' $- 8 $ ‘ $
0+ 759 - - 759 759 - 759
1 2424 581 - 3005 - 2424 : 646 3070

2 2424 1046 3470 2424 1162 3586
3 2424 1394 3818 2424 1549 3973
4 2539 1627 4166 - 2539 1807 4346
5 2539 1743 4282 2539 1937 4476
6 2539 1859 4398 © 2539 . 2066 _ 4605
7 2539 1859 4398 2539 . 2066 4605
8

2870 1859 4729 2870 2066 4936 -

2. Basement Démage

Flood Depth Structural Content Total

(Ft. Above Damage Damage - Damage

Basement Floor). S $ $
o+ 190 - 190
1 606 65 . 871
2 606 ' 116 C 722
3 606 . 155 761
4 635 181 816 -
5 635 o194 829
6 635 206 ‘ 841
7 635 ' 206 . 841
8 718 206 ' 924

3. Exterior Damage (See A.4.3.3 (3) )



A.7 Lower Fraser Valley

A.7.1 Critical Characteristics of Houses by Area.

Main Floor Level ‘ABove Ground (ft.)

Area % of Houses in % of House Houses Houses Without
‘Each Class * With Basements With Basements Basements
A B C A B C A B C A B C
1 - 44 56 - 75 25 -~ 6 3 - 1 1
2 - 48 52 - 36 38 - 6 4 - 2 1
3 - 20 80 - 0 25 - - 4 - 1 1
4 - - 100 - - o - - 0 - - 1
5 - 30 70 - 30 14 - 3 3 - 2 1
6 - 28 72 - 66 14 - 4 3 - 2 1
7 - 11 89 - 100 57 =~ 4 3 - - 1
8 - 20 80 - 100 50 - 5 4 - - 1
9 - 29 71 - 0 0 - - - - 2 1
10 (A) 3 74 23 100 33 20 3 3 3 - -1 1
10 (B) 3 50 47 100 33 20 3 3 3 - 1 1
11&12 - 48 52 - 50 23 - 3 3 - 1 1
13 - 24 76 - 62 56 - 3 4 - 2 1
14 - 34 66 - 33 0o - 3 - - 2 1
15 3 46 51 100 59 28 3 8 3 - 1 1
16 - - 100 - - 28 - - 4 - - 1
17 - - 100 - -~ 35 =~ - 6 - - 1
18 (4) - 100 - - 80 - - 8 - - 2 -
18 (B) - - 100 - - 0 - - - - - 1
18 (C) - 54 46 - 21 33 - 8 6 - 1 1
19 (A) 12 65 23 0 65 8§ - . 8 8 2 2 1
19 (B) 1 91' 8 0 65 8 - 8 8 2 2 1
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A.8 Upper Fraser and Thompson Valleys

A.8.1 Critical Characteristics of Houses by Area

Main Floor Level Above Ground (ft.)

Area % of Houses % of Houses Houses Houses With~
in Each Class With Basements With Basements out Basements

A B C A B o A "B C A B C

Kamloops

Area (A) - 85 15 - 77 100 - 3 3 - 1 -
(®) - 36 64 - 100 56 - - 3 2 - - 1
) - 50 S50 - 73 48 - 03 2 - 1 1
(D) - 75 25 - 66 0o - 3 - - 1 1
(6) - ~ 100 - - 28 - - 4 - - 1
H) - - 100 - - 35 - - 6 - - 1
™ - 100 - - 100 - = 3 - - - -

Oak » ' :

Hills 20 80 - 100 80 - 3 3 = - 1 -

Quesnel - 45 55 - 70 10 - -3 3 - 1 -

Prince

George

Area (B) - 30 70 - 65 15 - 4 3 - 2 2
(c) - 90 10 - 60 40 - .3 3 - 3 2
(E) - - 100 - - - - - - - - 3
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FIGURE 3

QUESNEL

AREAS OF DIFFERENT
RESIDENTIAL CHARACTERISTICS ~
L EGEND |

FLOODED AREA

(indicates residential areas referred

500 230 9 500 /a.oo to in Appendicies A.8.1.and A.8.2)
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FIGURE 4
PRINCE GEORGE
AREAS OF DIFFERENT

RESIDENTIAL CHARACTERISTICS

(indicates residential areas referred
to in Appendicies A.8./ and A8.2)
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APPENDIX B

COMMERCIAL AND INDUSTRIAL
FLOOD DAMAGE .
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B.3 Letter of Introduction

Dear Sir:

The Planning Division of the Federal Department of the Environment
is currently undetaking a study to evaluate the flood damage potential in
the Lower Fraser Valley. The major purpose of this study is to determine
the damages that would occur at various water levels during flood periods.
The damage estimates will be used to determine the damage potential that
may be reduced by constructing dykes and upstream storage reservoirs which
will benefit you as a property owner.

In order that damage estimates be calculated, it is necessary to
conduct a two-part survey..

Part one of the survey 1nvolves a questlonnalre (see enclosed)
designed to prov1de general information that is required for the study.
The questions are of a straight-forward nature; at all times the replies
will be treated in a confidential manner, and none of the information pro-
‘vided by you will be used on an individual basis. The replies will be
grouped with other data to produce the required.statistics.

The'questionnaire will be at your disposal for a period that will
allow adequate time for you to provide the information requested. In the
near future, we will contact you by phone to:clarify any problems that. may
have arisen in answering the questionnaire, and to arrange an appointment
with you to complete part two of the survey.

" In the ‘second part we will requlre ‘estimates of damage that would
occur to your buildings, equipment, and inventory in the event of flooding
to various depths. For example, we will have to determine the damage that
may occur at one, two, and three foot -depths. This analysis will require

an inventory of machinery and other fixed features found at these intervals
to-determine their repair or replacement costs. Further explanation of this
second part of the survey will be given when contact is made as mentioned
earlier.

The nature of the study requires that all industries located in
the immediate proximity of the Fraser River be interviewed, hence your co-
operation and assistance will be of the utmost importance and greatly
appreciated.

The names of those conducting interviews in your area are:

. .
. . -
—

is in charge of the study and if there
are any problems or if you have any questions at this time, please do not
hesitate to write or call him (telephone).

I hope that this letter will serve as an introduction to our study
and that your co-operation will be forthcoming.
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B.4 Condensed Industrial Questionnaire.

for Firms that had Failed to Return Initial Questionnaire

Dear Sir:

Recently we sent a representative.of the Planning Division of the
Federal Department of the Environment into your area to assess potential
industrial flood damage. At the time of the assessment, we left with every
firm a questionnaire containing questions related to industrial damage
potential.

Upon examining our records, we find that we do not as yet have a
reply from your company. If we do not obtain the necessary information
from you, the accuracy of our study will suffer and this could affect you
both as a tax payerend a flood plain resident.

An evaluation of the potentlal losses to every industry is
extremely important if we are to determine the most economical method of
providing flood protection for the Fraser Valley.

It would be appreciated, therefore, if you would mail in your
completed questionnaire as soon as possible. Should you require another
copy, you will find, attached to this letter for your convenience, a
simplified and somewhat shorter version, along w1th a self-addressed envel-
ope.

Once again, if you have anY'problems,_do not hesitate to call
Mr. . .. at (telephone).

Thank you for your co-operation,

o

[0
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Date . _

‘No.

FRASER RIVERaJOINT PROGRAMME " COMMI TTEE.

SURVEY OF POSSIBLE FLOOD DAMAGES TO INDUSTRIAL,?ROPERTIES -

1. Type of industry

(B) Idle |

2. Acres of property: ‘(A) In Use
3. Square feet of-rdof-cbverage
4, Construction material of bldg.(s): Wood 'i. Concrete'Blk. Brick

5. Average value of finished prbducts on handTat.any one time during the

~ month of June $

6. Average value of raw materials on hand at any one time during the month

of June $

7. Average monthly production $
8. Total number of employees

9. -Total monthly payroll -8

10: List your most important products by value and_locétion of purchasers.

Product

Annual $ Value of Shipments |

(less transportation costs)

Destination
C. % out of province

Total value of

all Shipments




11. List most important material used in production by

- 47 -

value and location.

Material

$ Total Cost
per Annum

% Purchased -
~ from Firms
Located ian.C.

o)

" % Purchased
from Firms
Out of Province

&

(3]

¢4

Total Annual Cost

of Production
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B.6 Average Unit Stage Damage Estimates for Selected Industrial Categories

: Damage per Acre of Land Usgda ($1000)| Acres of |Acres of
Industrial Flood Depth in Feet | Land Used {Land Used
Category ' per per Sq.Ft.
Number Employee of

1! 2! 3! 4! 5' 6' Plant Area

17 47 | 50 55 391 393 |395 .0284 .00005

44 45 45 - - - - .0556 .00003

48 1 1 2 5 12 15 21508 .00019

50 25 37 - - - . - .0416 .00010

51 1 1 6 - - - .6725 .00020

56 40 | 248 - - - - .0402 .00004
" 59 "1 3 7 13 - - .0392 .00006

63 4 5 43 44 70 71 .0798 .00012

67 3 4 - - - - .4286 .00012

68 1 1 2 2 2 4 .0897 .00013

69 13 26 - - - - .0250° .00008

70 13 24 33. - - - .0496 .00007

72 6 12 12 13 19 22 .0546 .00010

73 8 14 24 29 33 - .0467 .00011

75 8 15 15 - - - .0909 ~.00008

76 2 6 6 - - - .1759 .00026

77 1 2 - - - - .0877 .00006

78 2 6 6 - - - .0378 .00006

81 5 9 - - - - .0199 .00004

93 49 50 58 - - - .0544 .00005

96 19 - - - - - .0862 .00009

98 '3 4 4 4 - - .1327 .00028

a Note: These figures are presented only to illustrate the relative magni-
tudes of the damages estimated for various industries; their:
usefulness is severely limited due to extreme fluctuations in
changes observed from firm to firm.

b
" Flood Depth refers to feet above floor level except for industry No. 48
' in which case it refers to feet above ground level. ’

Source: Field Survey, Lower Fraser, 1971
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APPENDIX C

AGRICULTURAL FLOOD DAMAGE
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C.1 Per Acre Crop Damage

=51 -

Gross Other Non Labour -
- . Returns Income Costs Not Per
Type of Crop Per . = |, Loss by Incurred Acre
Or Crop-Group Acre Flood By Flood Damage
- (%) ($) G (%)
A. Perennial Crops
1) Tame Hay & Legumes 140 50 10 180
2) Pasture 120 50 10 160
3) Other Fodder Crops 140 50 10 180
4)' Strawberries 1,600 500 50. 2,050
5) Raspberries 2,000 900 50 2,850
6) Other Small Fruit 1,500 - - 1,500
7) Tree Fruit 1,000 2,000 100 2,900
8) VNursery Products . ,
a. Christmas Trees 2,500 - 100 2,400
b. Mixed Varieties 3,000 2,000 - 5,000
9) Hops 1,550 1,100 50 2,600
B; Annual Crops
10)- Greenhouse Products - - - 43,560
11) Grain Crobs 1130 - 5 125
12) Oats for Hay 1130 - .15 - 115
13) Corn for Ensilage 300 - 30 270
C. Vegetables. _ \
' 14) Potatoes 660 - 60 600
15) Green Beans 1300 - 30 270
16) Wax Beans 270 . 30 240
17) Beets (Bunched) . 2,700 - - 200 2,500
18) Broccoli © 550 - 1150 400
19) Brussel Sprouts 800 - 350 450
20) - Cabbage (Early) 1,120 - 180 - 940
21) Cabbage (Mid & Late) 690 - 160 530
22) Cabbage (Savoy) 1,220 - 200 1,020

Table continued on Page 52
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C.1 Continued
Gross  Other " Non Labour
Type of Crop Returns 'Incomg - . Costs Not \Per
Or Crop-Group Per Loss By .  Incurred Acre
Acre Flood - By Flood Damage
($) ($) (%) (%)
23) Cabbage (Chinese) 1,875 - 200 1,675
24) Carrots (Bunched) 2,390 - - 190 2,200
25) Cauliflower 820 - 240 680
25) Celery 1,475 - - 375 1,100
27) Sweet Corn 190 - 40 150
28) Cucumbers (Slicing) 875 - - 350 525
29) Cucumbers (Pickling) 725> - _ .125 - 600
30) Lettuce (Head) 1,430 - 300 1,130
31) Lettuce (Butter & Red) 900 - 160 740
32) Onions (Bunched) 2,750 - 150 2,600
33) Parsley 2,640 - 140 2,500
34) Parsnips 840 - 140 700
35) Peas 230 - 30 200
36) Peppers 440 - _ ’40 : 400
37) Pumpkins -390 - 70 320
38) Radishes 1,840 - 200 1,640
39) Rhubarb 1,380 - 80 1,300
40) Rutabagus 930 - 100 830
41) Spinach 870 - 100 770
42) Squash 540 - 200 340
43) Miscellaneous 440  - 350

90

)

(14
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C.2 Percentage of Acreage Under Different Crops and Average Damage by
Dykinhg District A L .

Crop Type or Group 7% Each1Crop of Totél-Acreage by.Dyking District
: o (1) - (2) (3) 4)
Richmond Delta Burnaby Coquitlam
: - Trapp Rd.

A, Perennial Crops

1) Tame Hay, Legume
& Other Fodder : o
26.9 : = 30.0

Crops 20.0
2) Pasture - ‘ 28.9 22.2 - 54.0
3) Strawberries 8.0 - - -
4) Raspberries 2 - - .2
5) Other Small Fruit 7.2 - - 2.7
6) Tree Fruit .1 A - -
7) Nursery Products |

a. Christmas Trees .5 - - -

b. Mixed Varieties 1.7 - g -
8) Hops , - - - ' -
B. Annual Crops _ ,.
9) . Greenhouse Prod. .07 .01 .07 -

~10) Grain Crops 7.0 14.4 ) - >" 5.1

11) Oats for Hay 1.0 7 - 6.6
12) Corn for Ensilage 1.2 ';6: _ - -
13) Potatoes 12.9 14.7 o . - -
C. Vegetables 11.3 - 20.1 ' 99.3 1.4

(Weighted Average
For Each Area)

Damage Per Acre bvayking Dist;ict
Average Crop Damage  $650.00  $265.00 $1525.00 $205.00

Continued on Page 54
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C.2 Continued

% Each Crop of'Total Acreage by Dyking District

Crop Type or Group

(5) (6) B € (8) N
Pitt Pitt : ‘Barnston Albion +
Meadows Meadows _ Island Road 13 _ :
Maple No.1l, No.2 '
Ridge Pitt Polder
(A) Perennial Crops
(1) Tame Hay, Legume 40.8 68.8 - 45,4 29.4
& Other Fodder : .
Crops ' :
(2) Pasture 44.6 20.1 ' 38.2 60.0
(3) Strawberries - - . - -
(4) Raspberries: - . L= | ‘ - -
(5) Other Small Fruit 2.2 - - , -
(6) Tree Fruit: - - - 1.9
(7) Nursery Products ) |
(a) Christmas Trees - - - ) _ = -
(b) Mixed Varieties 1.5 - 1.3 B - -
(8) Hops - B : .‘.."_ - :
(B) Annual Crops -
(9) Greenhouse Prod. (R . -,'ﬁf‘ R - ' -
(10) Grain Crops 1.8 - 1.8 ' 1.2
(11) Oats for Hay 6.2 9.5 . 8.1 4.2
(12) Corn for Ensilage 2.6_ o 3 'f';f - 'S;Zv 2.8
(13) Potatoeé _ - . ,fl - ':i  .6 - .5
(C) Vegetables w2 o éf R ' .7 e -

(Weighted Average
For Each Area)

Damage Pér Acre by Dyking District

»

Average Crop Damage $270.00 $230.00 $175.00 $220.00

Continued on Page 55
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C.2 Continued

,lZ;Eécﬁ‘Crop_éf Total'Aéreégé by Dyking Distriet

Crop’Type'or Group

(»  ay - oan a2y
West Salmon Glen Matsqui
Langley ~Arm ' Valley -
 (A) 'Perennialicrops.-, _. . . ,,  _
(1) Tame Hay, Legume 39.9 35.0 - 45.2 . . 40.9
. & Other Fodder : _
Crops A B
(2) Pasture - 58.1  58.9 o411 411
(3) Strawberries S- B 1.1 : . .8
(4) Raspberries .1 - .6 0
(5) Other Small Fruit 1 .2 .0
(6) Tree Fruit .1 A 1
(7) Nursery Products |
" (a) Christmas Trees - - - o T-
(b) Mixed Varieties - Y | - 1.1 -
(8) Hops ' _ - - o - ' -
(B) Annual Crops
(9) Greenhouse Prod. - o - | - " 0.0
(10) Grain Crops = D PR 1.7
(11) Oats for Hay 1.0 B T 6.5 6.5
(12) Corn for Ensilage 4 W3 SRl - 2.5
(13) Potatoes | _ -  -5,,j' e -
(C) Vegetables 24 45

(Weighted Average
For Each Area)

_ Damage Per"Acreﬁf§r Dyking District

Ayerage~Cfob Damage $175;OO o $200.00 $220.00 $235.00

Continued on-Page.56
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Crop Type or Group

% Each Crop of Total Acreage by Dyking District

(13) (14) - (15) (16)
Silverdale South Sumas West
Dewdney. Including & North
- Yarrow Nicomen
(A) Perennial Crops
(1) Tame Hay, Legume  37.5 43.0 38.2 52.9
& Other Fodder '
Crops .
(2) Pasture 58.3 46.3 - 25.4 . 37.5
(3) Strawberries - .1 .3
(4) Raspberries - 2.0 .3
(5) Other Small Fruit - .1 .3
(6) Tree Fruit - .3 .3
(7)  Nursery Products
(a) Christmas Trees - 1.0.- - -
(b) Mixed Varieties - - A -
(8) Hops ' - - - -
(B) Annual Crops
(9) Greenhouse Prod. - - - -
(10) Grain Crops - w2 2.4 1.0
(11) Oats for Hay 3.3 >6;2 3.2 4.6
(12) Corn for Emsilage - .2 1.9 2.2
(13)- Potatoes - 3 - -
(C) Vegetables - .8 25.9 .6
(Weighted Average ' »
For Each Area)
Damage Per Acré'bjibyking District
Average Crop Damage $165.00 $220.00 $265.00 $200.00

Continued on Page 57
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C.2 Continued

% Each Crop of Total Acreage by Dyking District

Crbp Type or Group.

an Coasy (19) (20)
East . Chilliwack Harrison Aggassiz
Nicomen , Mills
(A) Perennial érops
(1) Tame Hay, Legume 44.8 37.7 415 434
& Other Fodder . : :
Crops. »
(2) Pasture 26.4 - 37.5 404 42.0
(3) Strawberries - | '
(4) Raspbérries .3
(5) Other Small Fruit - _ 3 3
(6) Tree Fruit - 22
(7) Nursery Products
" (a) Christmas Trees - - - -
(b) Mixed Varieties - _ - -
(8) Hops - 3.1 ' - -
(B) Annual Crops _
(9) Greenhouse Prod. - - .005 - -
(10) Grain Crops ." - : .1.9 6 2.4
{11) Oats for Hay ‘ 12.7 ' 2.9 , 4.1 .7
(12) Corn for Ensilage 4.1 4.3 31 5.4
(13) Potatoes .1 1.2 C - -
(C) Vegetables 11.6 : 8.9 ’ - .8

(Weighted Awerage
For Each Area)

Damage Per Acre by Dyking District

Average Crop Damage ' $200.00 $325.00 . $170.00 $;80y00




...58 -

C.3 Method Used to Calculate Average Per Acre Crop Damage:
" Dyking District = Sumas (Including Yarrow)

Type of Crop . Avg. Per Tot. Acres % Ea. Crop Weight Val.
or Crop Group Acre Damage in Crop - Tot. Acres Ea. Crop
€)) ' ) (%)

A. Perennial Crops

1) Tame Hay, Legumes,

& Other Fodder Crops 180 - 8,093 38.2 1 68.76
2) Pasture 160 5,375 25.4 40.64
3) Strawberries 2,050 ' 30 .1 2.05
4) Raspberries 2,850 423 2.0 57.00
5) Other Small Fruit 1,500 27 R . .1 ' 1.50
6) Tree Fruit 2,900 68 | .3 8.70
7) Nursery Products

a. Christmas Trees 2,400 - - -

b. Mixed Varieties 5,000 87 4 20.00
8) Hops 2,600 - o - -

B. Annual Crops ‘
9) CGreenhouse Products 43,560

(]
o
w -
o
~ .

0.00016 .07
10) Grain Crops 125 513 . 2.4 3.00
11) Oats for Hay 115 682 3.2 3.68
12) Corn for Ensilage 270 , 401 1.9 5.13
C. Vegetables »
13) Potatoes 600 - N - ) | - -
14) Green Beans 270. 400 1.9 5.13
15) Wax Beans 240. - 65 . .3 .72
16) Beets (Bunched) 2,500. - L. -
17) Broccoli 400, 400 1.9 7.60
18) Brussel Sprouts 450 150 .7 3.15
19) Cabbage (Early) 940. - ' - -
20) Cabbage (Mid & Late) 530. - - -
21) Cabbage (Savoy) 1,020. - - -
22) Cabbage (Chinese) 1,675. - - -
23) Carrots (Bunched) 2,200. - - -

Continued on Page 59
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C.3 Continued

Type of Crop ‘ -Avg. Pef Tot. Acfés % Ea. Cfop Weight Val.
or Crop-Group Acre Damage in Crop Tot. Acres Ea. Crop
(%) (%) ($)
24) Cauliflower _ 680, - 143 .7 4.76
255 Celery 1,100. - - -
26) Sweet Corn 150. 2,657 . 12.6 18.90
27) Cucumbers (Slicing) 525. _ ~ - -
28) Cucumbers (Pickling) 600. - -~ -
29) Lettuce (Head) 1,130. - - -
30) Lettuce (Butter & 740, - - -
Red) . .

31) Onions (Bunched) .2,600. - - -
32) Parsley 2,500. ' - - -
33) Parsnips 700. . - - -
34)  Peas 200. 1,650 7.8 15.60
35) Peppers 400. - - -
36) ° Pumpkins 320. - - -
37) Radishes 1,640. - - -
38) Rhubarb (Field) 1,300. - - -
39) Rutabagas 830. s - - To-
40). Spinach 770; _ . - -
41) Squash 340. . - - -
42) Miscellaneous 350. - - -
TOTAL - 21,164 100.0 266. 39
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Description of Terms used in Table D.1

A) Value of flood-disrupted production =

B)

c)
D)

E)

F)

G)

H)

Value of annual production x = " No. of Days Shut Down
Total Number of Production Days per Annum

Value of production transferred or deferred =
(A) x portion deferred or transfer;ed,to_provincial,firms

Transfer cost = (B) x .02
Value of permanently lost production = A f_B

Income permanently lost to out-of-province firms (primary income loss) =

D x Annual income
Annual production

Value of reduction of productidn of out-of-province firms was obtained
directly from the reporting industries

Value of reduction of production of provinéial firms was obtained
directly from the reporting industries.

Income lost by B.C.'s input firms (secondary income loss) =

G x income/production ratio of input firms
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D.2 Request for Secondary Loss Data

Dear Sir:

The Planning Division of the Federal Department of the

Environment is completing a study of the effect that a major flood
would have on the Lower Fraser Valley. We are concerned about the
possible loss of production that might be suffered by food processors
that depend on fruit and vegetables produced on the Fraser flood plain.
In this light, we would very much appreciate a brief response to ‘the
following questions:

Sumas and
(a)
(b)

(c)

(d)

If the fruit and vegetable crops in Burnaby, Delta, Richmond,
Chilliwack were destroyed for one year,

Would the production of your Company be affected?

What is the annual value of the vegetables and fruit that you
would normally purchase from these areas (1971)? $

Would you be able to substitute some of your loss of local
vegetables ‘and fruit with produce from other sources (forelgn or
national)? . 1If so, what per cent? %

If you expect to lose production because you will be unable to
substitute all of the loss of your local vegetables and fruit
with produce from other sources,

(1) What would be the dollar sales value of your production
loss for ome year (1971)?

(ii) What percent of one year's (1971) production does this
represent? ‘ , A
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MISCELLANEOUS FLOOD DAMAGE
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E.1 C.N.R. - Flood Damage

Lower Fraser . | .” Miles of track af

fected / $'000 Damage

. ‘at the folloWing flood levels (ft. at Mission)

22.4/54

Dyking Area | | 22 ft. 23 fr. 24 fr. 25 fr. 26 fc.
Lulu Island R 10/130  10/130  10/130
Matsqui El ' 6/300 6/300 6/300
Outside Dykes 6i - 62 ; | H 1/10 1/75 | 1/75
(miles from Q : : .
Boston Bar) 81 - -/2 -/2 -/2
91 - 94.5% ) | | 3.5/20  3.5/250  3.5/250
100.9 - 101.5§ \ | .6/25 .6/25 .6/25
112.5 - 113.8§ ‘ 1.3/25  1.3/25  1.3/25
Pt. Mann Yard % /37 3 -y
'TOTAL %

9 22.4/844 22.4/844

Upper Fraser (1972 Freshét)

Blackpool to kamloops a $ 79,000 .
‘Kamloops to Lytton - $180,000
Lytton to Hope . . $ 15,000
TOTAL o 274,000

g

Source: Discussions with CNR Engineering Division

Flood activities and. expenditures

:=:Telex of 1972 .
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E.2 Other RailwaYS'Fldod”Damagésa ,

‘Miles of Track Affected / $'000 Damage

Flood Levels“(Feet;at'Mission)

Dyking Area 22 23 26 25 26
Agassiz - - - 7.4/96 7.4/96
Harrison Mills - - =/0 1 2.0/10 2.0/26 2.0/26
Dewdney - -/0 o 4.5/22. 4.,5/59 4.5/59
Mission -/0 0.2/1  0.2/1  0.5/3  1.0/5
silverdale -/0 0.9/12 1.1/14  1.2/16  1.6/21
Albion - - -0 1.0/5 2.0/10
Pitt Meadows- - /0 2.0/10  2.0/10  2.4/12
Maple Ridge o '

South Westminster - - -/0 1.7/22 1.7/22
Delta - -/0 7.0/91 8.0/104 9.0/117
Matsqui - /0 4.0/52 4.0/52 4.0/52
Sumas - -/0 4.0/52  4.0/52 4.0/52
Big Bend - - -0 1.5/8 1.5/8
Other Undyked Areas| = ~/0 | 3.0/16",.3.6/32*f ©19.3/145  19.3/145

CPR Flood Damage = Upper Fraser,apd»Thbmpsdn ;-1972.F£eshet

Kamloops to 72 miles west -

~ | $121,000

Source: Discussions with CPR Engiﬂeeriﬁg;DiVisioﬁ '

@ CPR, BCR, BNR, B.C.H.B.R., and B.C.H. and P.A.R. Railways.

Al
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E.3 Average Flood Duration Per Flood by Dyking Area

Daya Duration Per Flood Level

‘pyk}ngVAreas . . at Mission
.23 ft. . - - 25.ft.. . - 26 ft.

Richmond-Queensborough Delta - 10 days - . ‘24 days - 29 days
(Areas 18 and 19): S ST , .
West Langley and Fort Langley, 41 , E 44> ‘ YA
Albion, Colony Farm, Barnston e - - :
(Areas 15, 3, Non-residential
area, Minor Part of 2):-
South Westminster, Yatrqw and ‘ 39 43 43
Sumas, Pitt Meadows (Areas 16 o :
and 17, 11 and 12, Part of 2):
Glen Valley, Hatzic-Dewdney, 42 N 45 - 45
Port Coquitlam (Areas 14, 5 :
and 6, 1)
Chilliwack, Agassiz, Harrison 27 34 34
Mills (Areas 10A and 10B, 9, 8): .
Matsqui (Area 13): - | 33 38 38
Nicomen Island (Area 7): 30 S 37 37
Silverdale (Minor Part of - 29 35 ’ 38
Area 4): ' o
Mission (Major Part of Area 4): 200 a7 731 34
Trapp Road (Undesignated , 10 . 18 24

Residential Area):

Note: (a) * In relevant areas, the duration of a 21 or 22 foot flood was
found to be significantly different from that of a 23 foot
flood. ‘

(b) The numbers listed under "Dyking Areas" refer to the re51den—
tial areas outlined in Fig. 1, APPENDIX A.7.

Source: Sébematic Hydrograph supplled'by Enginéering Division, Water
Planning and Management Branch, Department of the Environment.
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E.4 Sample Computation of Relationshiﬁ between Depth of Flooding and
Value of Loss of Use of Dwallings (Flood Level = 26 Feet at
Mission)

1) Value of Loss of Use per House Class ‘and Depth of Flooding Above Main
Floor in Sample Areas :

)

House Flood Depth Flood .Total Loss Total Loss of

Class Above Main Duration-Days of Use-Days Use per House

Floor (Ft.) . €))

A <1l 29 . 29 @ $400 per 387
: “30 days

1 and 2 29 74 @ $400 per 987
- .30 days

>2 29 89 @ $400 per 1187

' 30 days ‘

B. <1 29 - 29 @ $210 per 203
' o - ,30 days

land2 = 29 74 @ $210 per 518
30 days

>2 29 89 @ $210 per 623

- 30 days

c <1 29 © 29 @ $ 90 per 87
. - 30 days

1 and 2 29 . 74@$90 per 222
C 30 days

>2 29 . 89 @ § 90 per 267

30 days

2) Housing Characteristics in_Sample Area:

% of Houses in % of Houses Main Floor Level Above Ground (Ft.)
Each Class with Basements Houses with Without
' Basements "~ Basements

A B C A B c A B C A B c

0 54 46 - 21 33 - 8 6 - 1 1
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F.3 Historical and Projeéted'indﬁstrial Development in the Lower Mainland:
1960 - 2000 .

- Acres -of Industrial Development

Area . 1960% 1966 1971% 1976 1981 1986 1991 1996 2000

GREATER VANCOUVER
Floodplain 1,063 1,400 1,821 2,230 2,870 3,635 4,465 5,435 '6,195

Non-Floodplain: o _
Vancouver 1,661 1,791 1,890 1,990 2,090 2,140 2,190 2,240. 2,280

Burnaby - 1,275 1,519 1,720 1,920 2,120 2,370 2,620 2,920 3,160
- Coquitlam 505 530 555 605 680 . 780 905 1,055 .1,175
Port Moody = 640 647 670 695 720 .770 870 970 1,070
North Van. 374 489 565 640 715 790 865 940 . 1,000
Annacis Is. .20 80 155 255 380 - 530 . 680 880 1,040
Surrey 196 282 360 460 560 @ 685 835 . 985 1,125
New West. 124 162 170 180 190 200 @ 210 220 230
-Mitch.-Twigg Is. 60 90 110 160 210 - 260 310 310 310
Buntzen 321 -321 321 345 370 420 470 570 . 650
SUBTOTAL 6,239 7,310 8,336 9,480 10,905 12,580 14,420 16,525 18,235

EAST FRASER VALLEY

Floodplain 61 87 121 150 193 242 314 382 440
.Non-Floodplain: b | _ . _

Maple Ridge - 470 57 67 77 87, 107 127 - 152 172
Langley 300 40 50 70 90 120 150 200 240
Matsqui 450 55 65 75 85 105 125 155 180
Sumas 100° 109 120 © 130 140 150 170 - 190 = 206
'SUBTOTAL 283 348 423 502 595 724 886 1,079 1,238
TOTAL 6,522 7,658 8,759 9,982 11,500 13,304 15,306 17,604 19,473

b
Source: aAMunicipal records, maps; Estimate based on air photographs.
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F.4 Historical and Projected Rates of Industrial Development in the Lower
Mainland: 1960 - 2000

Average Number of Acres Developed per Year

Area 1960-66 1966~71 1971-76 1976-81 1981-~86 1986-91 1991-96 1996-2000

ra

GREATER VANCOUVER

Floodplain 56 84 83 128 153 166 - 194 190
Non~Floodplain: o

Vancouver 22 20 20 - 20 10 10 10 10
Burnaby 41 40 40 40 50 50 - 60 60
Coquitlam 4 .5 10 - 15 20 25 30 30
Port Moody 1 5 5 5 10 20 20 25
North Van. 19 15 15 15 15 © 15 15 15
Annacis Is. 10 15 20 25 30 30 40 40
Surrey 14 15 20 20 25 . 30 30 35
New West., 6 2 2 2 -2 2 2 2
Mitch.- K v'

Twigg Is. 5 4 10 10 10 10 - -
Buntzen - - - 5 10 10 20 20
SUBTOTAL? 179 205 229 285 335 - 368 421 427

EAST FRASER VALLEY

Floodplain 5 7 6 9 10 . 14 14 15

Non—Floodplaih: -

Maple Ridge 2 2 2 2 4 4 -5 5
Langley 2 2 4 4 6 6 10 10
Matsqui 2 2 2 2 4 4 6 . 6
Sumas 2 2 2 2 2 4 4 4
SUBTOTAL? 11 15 6 19 2 32 39 40
TOTAL? 189 220 245 304 - 361 400 460 467

8 rotals may not add due to rounding.

o
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G.1 1965 Agricultural Production and Projected Production:

Fraser Valley Area

_ Estimated Total Future Value
1965 Value Physical Incr. Assuming No Price
Commodity ($'000) % Over 1965 Changes ($'000)
1975 1985 1975 1985

Dairying (Milk) 23,500 30 65 30,550 38,775
Beef 4,000 10 40 4,400 5,600
Swine 850 10 20 935 1,020
Vegetables - Total 6,570 272 462 8,333 9,608
Potatoes 2,000 0 0 2,000 2,000
Mushrooms 1,190 60 80 1,904 2,142
Peas 970 130 50 1,261 .. 1,455
Beans 450 35 35 608 608
Corn 525 45 65 . - 761 866
Carrots 340 30 50 - 442 510
Cauliflower 310 10 50 341 465
Lettuce 340 10 40 374 476
Tomatoes (greenhouse) 260 "~ 40 . 140 ‘ 364 ‘624
Cucumbers (greenhouse) 185 50 150 278 462
Small Fruits - Total 6,000 96 171% 11,792 - 16,247
Raspberries 2,850 50 100 4,275 5,700
Strawberries 1,380 -~ 95 170 2,691 3,726
Hops 860 - 90 180 ' . 1,634 2,408
Blueberries 610 © - 165 - 230 1,617 2,013
Cranberries 300 425 700 1,575, 2,400

2 These percentage figures have been rounded off.

Source: Carne, I.C. et al.

. Department of Agrlculture, 1966.

Second Approximation Report, Agriculture in
the Fraser Valley, 1964 - 1965 - 1974 ~ 1989.

Victoria, B.C.:
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G.4 Average Direct Damage Per Acre of Future Industrial Land ‘for Different
‘'Flood Levels - o

Area . Average (§) Damage Per Acre

~ Flood Level at Mission (Ft.)

21 22 23 24 25 26

Lulu - East - -  NA 5,000 7,000 9,000
- West - - ‘NA 7,000 7,000 7,000
Delta - N.E. - - NA. 4,000 .fls,ooo 12,000
S.W. - - NA 4,000 4,000 4,000

Big Bend 0 0 »_ - 0° o 1,000 2,000
South Westminster o 0 . NA 2,poo'f_:2,ooo 3,000
Brunette Creek 0 0o o .0 ’Vll,oéo 1,000
Port Coguitlam 1,000 1,000 2,000 2,000 3,000 4,000
Pitt Meadows 1,000 1,000 2,000 2,000 3,000 4,000
Albion 0 0 1,000 1,000 2,000 2,000
Mission - - - mA- ligobd f¥:2;000' 2,000

Chilliwack - - NA - 2,000 . 3,000 4,000
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G.5 Average Indireét,Primary;andaSecoﬁdafy Damages: Per Acre of
Future Industrial Land for Different Flood Levels -

Area = - RN _ Average ($)'Damage pexr Acre .

Flood Level at Mission (Ft.)

21 22 23 2 25 26

Lulu - East® - - NA 2,500 3,500 4,500
- West® | - = NA 3,500 3,500 3,500
Delta - N.E.% L .- WA 2,000_': 4,000 6,000
| sgw.aA - - NA 2,000 2,000 2,000

Big Bend® o o o . 0 300 1,000
South West;minsterb  0 0 NA 1,400 © 1,400 2,100
‘Brﬁnetté 6reekb' ::fO F' 0 - 0".H“;tfb - }00 . 700
Port Coqﬁitlamb ': 200 700 1;40b'K131;Abo‘»i:2,1bo 2,800
Pitt Meadows’ 700 700 i,éoo w'.1,46617‘ é,1oo , 'é,soo.
Albion® o 0 "0 700 700 1,400 1,400
Missionb- ' { ; - NA¥}; ;.7q0 ‘ i,éQQ_ 1,400
Chilliwack® - = NA 1,400 2,100 2,800

& 1971 - Field studies of Lulu Island 1ndustr1es 'indicated that’ the
indirect damages were 50% of the direct and this proportlon has been
adopted to represent total losses to future indqstrles

Indirect losses of industries in the"resf'of:fhé‘valléy proved to be
. 70% of the direct damages and this has been app11ed to prOJected
industrial growth in these areas.
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G.6 Average Annual Compounded Percentage Increase in Prices of Selected
Goods 1955 to 1971 :

Average Annual Percentage
.- Increase of Prices per Period

Items for Which Price L 1955 1961 1955 1961 1966
Changes are Given o -'71 -'71 -'61 -'66 -'71
1. Consumer Prices v R S
Cdn. Consumer Price Index 2.5 --2,9.. 1.8 2.2 3.6
Cdn. Food Prices 2.4 2.8 1.7 3.1 2.4
Cdn. Housing Costs 2.5 3.1 1.4 - 2.1 3.9
Cdn. Dairy Prices 2.9 . 3.5 1.8 . 2.7 4.3
Cdn. Beef Prices . 3.6 - 3.8 3.6 3.4 4,1
Cdn. Poultry Prices? , -1.0 0.9 -4.1- 2.2 -0.4
Cdn. Egg Prices® B '-0.9 - -0.7 --1.3 3.3 4.7
Van. Consumer Price Index 2.1 . 2,4 1.6 1.4 3.5
Van. Consumer Food Prices 2.4 2.9 1.7 2.6 3.3
2. Wholesale Prices . L
Cdn. General Wholesale Index - 1.8 2.2 1.1 2.1 2.3
Cdn. Vegetable Products Prices 1.3.- . 1.6 0.8 2.1 1.0
Cdn. Animal Products Prices 2.3 2.5 2.0 2.6 2.3
Cdn. General Wholesale less = o .
Animal & Vegetable Products 1.8 2.3 1.0 - 1.9 2.8
3. Other Prices ' o s .
Cdn. Feed Prices 0.8 1,1 0.4 2.2 0.1
Cdn. Farm Animal Prices - 243 2.7 1.6 3.5 1.8
B.C. Farm Products Prices 1.9 2.1 1.5 2.9 1.4
Cdn. Ind. Composite- _ 5 I , '
'~ Weekly Earnings _ . 5.3 5.9 4.1 4.3 7.5
B.C. Ind. Composite - ST
Weekly Earnings B 5.4 7 6.0 4.5 4.8 7.3
Canadian Residential Constr. - e _ .
Prices (including Labour) - 4,6 5.9 2.7 4.5 7.5
'B.C. Residential Constr. , e : S - ,
Prices (including Labour) - .39 4.9 2.4 3.9 6.0 -
B.C. Industrial & Commercial o S :
Concrete & Steel Constr. . . L ,
(including Labour) ’ 4,67 5.1 3.8 4.4 6.0
B.C. Machinery & Equip. Prices 2.5 - 2.4 2.6 1.1 3.8

2 These represent averages of the percentage increases‘calculated‘for each
year within the given periods; this measure was used because large price
swings made the standard compounding technique very unstable.

Sources: Prices and Price Indexes, Cat. No. 62-002, Monthly, Statistics
Canada. Monthly Bulletin of Index Numbers of Farm Prices of
Agricultural Products, Cat. No. 62-003, Statistics Canada.

Annual Reports, B.C. Department of Labour. Structural, Machinery
& Equipment Conversion Multipliers, Office of Assessment
Commission, Victoria, B.C. :

o
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APPENDIX H

POTENTIAL FLOOD DAMAGES FOR MAJOR CATEGORIES

LOWER FRASER VALLEY - 1971
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H.1 Potential Residential Flood Damage: Lower ‘Fraser Valley - 1971 .
Area g $'000 Damage
' - Flood Elevation - Feet- at Mission
21 22 23 24 25 26

Dyked Areas

(a) Upgraded Dykes :
Richmond & Queensborough - - - 32,647 61,831 61,831
Delta - - - 4,661 9,080 10,650
South Westminster . - - - 2,572 2,801 3,098
West Langley o - - - 6 7 7
Ft. Langley - (Salmon River) - - - 19 . 27 31
Matsqui . - - - 2,732 2,967 3,248
Sumas (Includlng Yarrow) - - - 6,744 7,110 7,406
Chilliwack - - - 24,756. 33,623 43,938
Aggassiz (Incl.H.H. Sprlngs)- - - 2,259 2,668 3,529
Harrison Mills : - - - 67 94 106
South Dewdney . - - - 1,838 --2,057 . 2,215
Mission ' - - - 90 ©1200 179
Maple Ridge & Pitt No 2. - - - 2,173 2,529 3,379
Port Coquitlam . ‘ - - - 1,800 2,001 2,488
Trapp Road - - - 35 - 80 119
Sub Total ) - - - 82,399 127,005 142,224

(b) Non Upgraded Dykes } S
Barnston Island o V- 24 32 52 70 86
Glen Valley - 69 124 - 178" 200 226 243
‘North Nicomen ’ 6 120 17 29 41 48
East Nicomen - ' ~ 16 25 30 50 70 82
West Nicomen o139 202 7 265 -367 468 509
Silverdale 4 5 10 16 30
"Albion (Incl. Road 13) - - 50 114 176 208
Pitt Polder 72 82 92 © 98 103 163
Tretheway - - - - 9 19
Pitt Meadows 7 8 8 14 19 36
Sub Total 309 481 677 934 1,198 1,424

Total Dyked Areas 309 481 677 83,333 128,203 143,643

Total Undyked Areas - 1 60 144 236

212
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H.2 Potential Flood Damage to Commercial Establishments. B
Lower Fraser Valley - 1971 S

Area $ 000 Damage
“Flood Elevation — Feet at Mission
21 .22 23 24 25 26
Dyked Areas
(a) Upgraded Dykes Lo S
Richmond & Queensborough - - - 8,814 17,905 17,905
Delita T - -7 671 . 1,472 1,497
South Westminster - - - 308 355 462
Matsqui - - - - 143 143 143
Sumas (Incl. Yarrow) - - - 567 621 646
Chilliwack - - - 6,736 10,479 12,206
Agassiz - - - 359 383 416
. South Dewdney - - - 8 9 9
Mission - - - 185 248 311
Maple Ridge - Pitt No. 2 - - - 25 25. 25
Port Coquitlam ' - - - 54 56 56
Sub Total - - - ‘17,870 31,696 33,676
(b) Non Upgraded Dykes ' ; : ‘
Glen Valley 4 7 10 . 10 10 10
West Nicomen 3 6 8 . S8 8 8
Albion (Incl. Road 13) - - 20 - 32 44 56
Sub Total 7 13 .38 7 50 .62 74
Total Dyked Areas 7 13.° 38 - 17,920 31,758 33,750

©
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H.3 Potent1a1 Flood Damage to- Industrial Establishments.
Lower Fraser Valley - 1971 . ‘

~-Area R S Sl '~ $'000 Damage
Flood Elevation - Feet at Mission
.21 . 22 . 23 2 25 26

Dyked Areas
(a) Upgraded Dykes
Richmond & Queensborough

1
1
i

5,109 6,946 . 8,888

Delta B . - - - 13 o130 .21
South Westminster . - - _ - 236 237 623
Chilliwack - - - - 173 2,209 2,260
Mission . - - - 114 136 158
‘Maple Ridge- and Pitt No.2 - . - - 5 s 7
Port Coquitlam - - - 400 530 671
"‘Trapp Road - . - e = 8 92
Sub-Total . - - - . 6,050 10,086 12,720

(b) Non ‘Upgraded Dykes
Albion (Incl. Road 13) -

I
[=))

39 42 . 45 63

Total Dyked Areas.. =~~~ - ‘6 39 6,092 10,131 12,783

Total Undyked Areas 0 1 . 21 157 330 662
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H.4 Potential Agricultural Crop Damagé:

Lower Fraser Valley - 1971

Area $'000 Damage
o Flood Elevation -~ Feet at Mission
21 22 23 24 25 26

Dyked Areas

(a) Upgraded Dykes - _ :
Richmond & Queensborough - - - 4,228 5,603 5,661
Delta - - - 2,549 4,505 4,505
South Westminster - - - o7 8 9
West Langley - - - . 64 66 67
Ft. Langley (Salmon: River) - - - - 200. . 203 205
Matsqui - - - 2,024 2,035 2,049
Sumas (Incl. Yarrow) - - - . 5,236 5,374 5,454
Chilliwack . - = - 6,890 7,239 - 7,681
Agassiz (Incl. H.H.Springs) - - - 879 990 1,008
Harrison Mills : - - - 120 126 127
South Dewdney . - - - 749 767 - 773
Maple Ridge & Pitt No. 2 - - -~ 1,382 1,390 1,396
Port Coquitlam - - - 167 . 168 168
Colony Farm - - - - 132 132 132
Trapp Road - - - 11 - 15 18
Sub~Total - - - 24,638 28,621 29,253

(b) Non Upgraded Dykes o ‘ ,
Barnston Island o= 184 193 . - .200 - 205 207
Glen Valley 293 307 322, 335 - 343 359
North Nicomen . 66 69 - .72 72 72 72
East Nicomen 168 176 = 184 - 184 184 184
West Nicomen 649 - 692 . 735 741 746 750
Silverdale - 44 . 52 - 52 53 54
Albion (Incl. Road 13) C- 42 44 . 45 46 47
Pitt Polder 290 291 292 292 292 292
Tretheway 48 50 -’53 - 53 - 53 53
Allouette _ 23 31 40 40 40 40
Pitt Meadows No. 1 243 243 . 243~ 243 243 243
Addington Point 72 74 76 77 . 78 78
Sub-Total 1,852 2,203 2,306 2,334 2,355 2,379
Total Dyked Areas 1,852 2,203 2,306 26,972 30,976 31,632

Note:

Undyked areas are included in a report by Preston (1973).

o

"
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H.5 Potential Other Agricultural-Damage:_quer;Fraser‘Valley - 1971

'uv$‘§OOIDéﬁége

Area
© . Flood Elevation - Feet at Mission
21 <22 .23 24 - 25 26
Dyked Areas
(a) Upgraded Dykes , .
‘Richmond ‘& Queensborough - - - 404 548 561
Delta - - - - 601 1,052 1,074
West Langley - - - 35 38 - 38
Ft. Langley (Salmon River)- - - 69 70 71
- Matsqui . - - - 1,264 1,285 1,289
Sumas (Including Yarrow) - - - 2,377 2,469 2,493
Chilliwack o - - - 2,974 © 3,135 3,302
Agassiz (Incl.H.H.Springs)-. . - - 820 860 - 867
Harrison Mills. ' - - - 81 84 84
South Dewdney - - - 456 - 479 481
Maple Ridge & Pitt No.2 - - - 613 623 624
- Port Coquitlam - - - 24 24 24
Colony Farm S -. - - 79 80 80
Sub Total : : - - - 9,797 10,747 10,988
(b) Non Upgraded Dykes :
Barnston Island 4 - 125 134 138 141 141
Glen Valley - 178 .- 194 209 . 225 236 263"
North Nicomen 31 33 . 37 37 37 37 -
' East Nicomen - 95 106 - 118 120 123 123
" West Nicomen 379 432 485 498 511 513
Silverdale - 26 41 44 45 45
Albion (Incl. Road 13) - 12 13 14 14 14
Pitt Polder 139 144 . - 150 153 155 155
Tretheway 22 23 25 25 25 25
Alouette 8 10 13 13 13 13
Pitt Meadows No. 1 77 78 79 79 79 79
Addington Point 22 22 23 ¢ 24 24 24
Sub Total ' 951 1,205 1,327 1,370 1,403 1,432
Total Dyked Areas 951 1,205 1,327 °© 11,167 12,150 12,420

- Note: Undyked Areas are included in a report by Preston (1973)
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H.6 Potential Primary Industrial Income

‘Losses: LoWef Fraser Valley - 1971

$1000 Losses

Area ,
Flood Elevation — Feet at Mission
21 22 23 2 25 26
Dyked Areas
(a) Upgraded Dykes .
Richmond & Queensborough - - - - 1,401 2,144 2,378
Delta - - - 57 70 78
South Westminster - - - 192 198 221
’ Chilliwack - - - ' 9 9 10
Mission : - - - o 42 64 72
Maple Ridge & Pitt No. 2 - - - 2 5 5
Coquitlam - - - 607 643 643
Sub Total - - - 2,310 3,133 3,407
(b) Non Upgraded Dykes o | ‘
Albion (Incl. Road 13) - - 6 12 37 50
Sub Total - - 6 12 37 50
Total Dyked Areas - - 6 2,322 3,170 3,457
Total Undyked Areas - - - .73 468 - 623
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H.7 Potentlal Transfer-Costs and Secondary Income Losses

Valley - 1971

Lower Fraser

$'OOO Losses

Area
o , Flood Elevation - Feet at Mission
21 22 23 24 25 26
Dyked Areas
(a) Upgraded Dykes :

| Richmond & Queensborough - - - 1,486 2,207 2,408
Delta - - - 1,261 1,781 1,795
South Westmlnster - - - 171 ¢ 177 229
West Langley - - - 3 3 3
Ft. Langley (Salmon Rlver) - - - 1 1 1
Matsqui - - - - 408 414 415

- Sumas (Incl. Yarrow) - - - 2,737 2,821 2,859

. -Chilliwack : - - - 1,615 1,692 1,778
Agassiz (Incl. H.H.Springs) - - - 233 239 239
Harrison Mills - - - - 70 70 70

- South Dewdney - - - 179 185 185

-, Mission. - - - 48 74 83

. Maple Ridge & P1tt No.2 - - - 132 136 137
Port Coquitlam | - - - 376 387 387 .
Colony Farm - - - 11 12 12.
Trapp Road ) - - - 1 11 14
Sub..Total - - - 8,732 10,210 10,615

(b) Non Upgraded Dykes ,

* Barnston Island - o1 18 18 19 19
Glen Valley 2 2 46 52 55 64
North Nicomen - - 2 2 2 2
East Nicomen 8 8- 28 39 . 40 40
‘West Nicomen 3 3 88 115 120 120
Silverdale - - 6 7 7 . 7
Albion (Incl. Road 13) - 1 2 11 29 . 43
Pitt Polder - - 21 22 22 22
Tretheway ‘ - - 2 2 2 2
Pitt Meadows No. 1 - - 5 5 5 .5
Sub Total 13 15 218 273 301° 324

Total Dyked Areas o 13 15 218 9,005 }0,511 10,939
- .26 137 656 794

TotalvUndyked Areas: -
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H.8 Potential Miscellaneous Damages: Lower Fraser Valley - 1971

-$'000 Damage

Area
Flood Elevation -~ Feet at Mission
21 22 23 24 25 26
Dyked Areas
(a) Upgraded Dykes :
Richmond & Queensborough - - - 7,365 14,465 15,034
Delta - - - 1,697 3,580 4,262
South Westminster - - - 593 659 708
West Langley - - - 11 11 11
Ft. Langley (Salmon River) - - - 20 22 22
Matsqui. - - - 1,197 1,336 1,366
Sumas (Incl. Yarrow) - - - 1,959 2,085 2,196
Chilliwack - - - 5,110 7,185 8,822
Agassiz (Inc. H.H.Springs) =~ - - 479 670 715
Harrison Mills _ - - - 75 109 114
South Dewdney - - - 421 480 511
Mission - - - Y 49 59
Maple Ridge & Pitt No. 2 - - - 603 617 667
" Port Coquitlam - - - 264 298 309
Colony Farm - - - 4 5 5
Trapp Road L= - - 9 26 40
Sub Total C- - -. 19,851 31,597 34,841
(b) Non Upgraded Dykes o :
Barnston Island - 53 72 - 74 76 77
Glen Valley 83 100 © 102 -~ 104 105 + 106
North Nicomen 8 - 9 . 10 11 12 12
East Nicomen 14 15 17 18 19 20
West Nicomen 165 186" 204 211 217 218
Silverdale - 3 .18 7 20 27 34
Albion (Incl. Road 13) - = 30 "33 45 - 49 58 65
Pitt Polder : 8 .8 8 .87 88 88
. Tretheway : - - - 29 33 33
Pitt Meadows No. 1 : 1 1 2 .16 18 19
Sub Total 309 408 - 478 619 653 672
Total Dyked Areas ' 309 408 478 20,470 32,250 35,513
Total Undyked Areas - 5 121 - 281 734

726
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H.9 Total Potential Damages in Various Floods in Dyked Areas of the
Lower Fraser Valley - 1971

Damage Category . Damage per Flood Depth ($'000)
24 feet 25 feet 26 feet
Residential 83,333 128,203 143,648
Commercial 17,920 31,758 33,750
Industrial o 6,092 10,131 12,783
Agricultural Crop 26,972 30,976 31,632
Other Agricultural 11,167 12,150 12,420
Primary Income 2,322 3,170 3,457
Transfer Costs and | . :
Secondary Income Losses 9,005 10,511 10,939
Miscellaneous 20,470 32,250 | 35,513

Total 177,281 259,149 284,142
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APPENDIX I

SECONDARY FLOOD LOSSES DUE TO

BREAKS IN MAJOR TRANSPORTATION ARTERIES

Prepared by:

Pearse Bowden Economic Consultants Ltd.,
120 - 535 West 10th Avenue,
Vancouver 9, B.C.

November 17, 1972
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I.1 Introduction _ S

The purpose of this study is to estimate the magnitude of the potential
secondary flood losses which would result from a disruption of road, rail

and pipeline facilities which lie within the floodplain of the Fraser River,
and to project these losses .to the year 2000, taking into account foreseeable
changes in the transportation network. Secondary flood losses can be defined
as permanent income losses to firms and individuals located off the flood-

plain, but which incur production or sales losses due to floods which disrupt

transportation links with suppliers and/or consumers. Typically, losses can
occur as a result of interruptions in the interindustrial flow of inter-
mediate goods which cause production delays, -or as a result of interruptions
in final sales of goods to consumers.

In order for such losses to be countable, they must be permanent in that sales

" and production can neither be delayed nor transferred to other producers within

the referent area, which is 1n this case to be the province of British
Columbia. :

It is considered that industries most vulnerable to secondary flood losses
are those which export bulk commodities, such as grain, coal, sulphur, etc.,
to competitive world markets. All of these industries are heavily dependent
on rail transportation, and for some, serious delays in shipping might result
in lost sales. :

No significant secondary losses are likely to occur as a result of the short
term disruption of interindustrial input flows. Attention during this study
has therefore been focused on the shipment of bulk commodities to Vancouver
area ports, in order to determine the effect road or rail disruptions of
specified lengths would have on sales. The effect of flooding on tourism

-has also been investigated.

Because of the short term, forced nature of production losses due to flooding,
it is appropriate to calculate as the loss, the sales value of the product,
minus any returns to labor or capital accruing to-out-of-province sources.

Some of the basic assumptions used in this study are as follows:

- No federal aid in the form of flood relief payments has been assumed.
While substantial federal aid is generally provided to firms and individ-

. uals located within flooded areas, secondary losses are of a much more
tenuous nature than property damage, and federal aid to offset secondary
losses is therefore considered unlikely.

- Shipments transferred to other B.C. carriers are gonsidefed to represent
transfer payments, thus involving no net loss to B.C.

- Estimates of frictional costs have been confined to the tramsportation
industry. 1t is assumed that producers would continue production and build
up inventories of finished products, and that extra storage costs would
be minor.
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- British Columbia Railway is assumed to be open under all flood conditionms.
In addition, it is assumed that road access between the Lower Mainland
and the interior would be possible by rerouting traffic through the U.S.
at Huntingdon.

The analysis of secondary losses has been made for the following cases:

Railways:

During flood conditions in the Fraser and Thompson Valleys:

1. (a) The B.C. Railway line between Prince George and
Vancouver is never severed.

(b) The CNR track between Prince George and‘Jasper is
never severed for a significant length of time.

2. (a) The CNR and the CPR simultaneously lose their lines for
one week in June on the Thompson River System as far
downstream as Basque (10 miles S.W. of Ashcroft); the
bridge linking the two lines on the South Thompson is
destroyed.

(b) The CNR and the CPR lose their tracks for one week
between Basque and the Chllliwack and Agassiz Dyking
Areas.

3. (a) The CN, CP and B.C. Hydro Railways lose their lines "
' for the entiremonth of June due to the flooding of

“the following dyking Districts: Matsqui, Sumas,

Chilliwack, Mission, Dewdney-Hatzic, Harrison Mills

and Agassiz.

(b) The B.C. Hydro Railway is flooded periodléally during
the entire month of June, i.e. during high tides in
Delta.

(¢) The CNR yards in Port Mann are forced to moderate their
activities due to minor tidal flooding but are not
forced to close; access over the Fraser at Port Mann
remains open to all railway companies durlng the flood
period. .

During flood conditions in the Fraser and Thompson Valleys:

1. (a) and (b) - same as 1.(a) and (b) above.

2. (a) Either the CNR or the CPR loses its track for one
week within the following track subdivisions:
(i) Upstream of Basque as far as Blackpoool (CN) or
Kamloops (CP) - . (also the bridge over the South
Thompson at Kamloops is lost); (ii) Between Basque
and the Agassiz and Chilliwack dyking areas.
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(h) Either the CNR or the CPR loses its track for one month
between Mission Bridge and the upstream ends of the
Chilliwack andAgass1z dyking areas.

(o) Delta is flooded and the B.C. Hydro Rallway is affected
" as in 3. (b) above.

Roads:
The Trans Canada Highway is lost for one week near Spences Bridge.

The roads in the dyking areas in the Lower Mainland are flooded for one
month, thereby making access into the interior via Chilliwack and Kent:
Municipalities impossible. S ‘

Interviews were held with officials of ‘the CN, CP, BCR and B.C. Hydro
Railways, major bulk commodity terminals and the trucking industry, to
determine the sensitivity of shipments and sales to short term delays
caused by flooding. .
Of major interest during the interview program was the ability of the
CN and CP to either delay shipments and make them up later or to transfer
trains to the B.C. Railway at Prince George, since it is not susceptible
to flood damage. O0il and gas pipeline officials were also contacted to
determine the effect flooding would have on their operations.

I.2 Railways and. Port Terminals

‘Rail access from the Lower Mainland and to the interior and Eastern Canada

is provided by the CN and CP, which follow the Thompson and Fraser Rivers,
and by the B.C. Railway which provides an alternate route to the. interior
and does not follow the Thompson or Fraser Rivers below Williams Lake. In
addition to these railways the BC Hydro. and Burlington Northern Railways
provide rail service within the Lower Mainland. 0Of these railways, only the
BC Railway - is free of flood danger. Both the CN and CP are vulnerable to
inundation, slides and bridge washouts during the Fraser's spring freshet.
Several vulnerable areas within the Fraser Canyon and Thompson Valley have
been identified and in addition, all railways but BC Railway are subject

to inundation within the lower Fraser Valley. '

In the event that one or both of the national railways' tracks are inundated,
three possible effects may occur. First, shipments may be delayed until
service can be restored. Second, shipments may be transferred to another
railway. Third, where commodities are sold on.a "spot" basis and where
inventories at port terminals and points of consumption are low, delay may
result in permanent sales losses.

During the interview program, an attempt was made to obtain the oplnion of
railway officials regarding the general ability of the railways to cope with
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outages of up to one month. In addition, specific attention was paid to the
likely effect outages wouldhave on the shipment of bulk items, especially
coal. Port terminal officials were also contacted to determine the general
level of inventories which could be utilized during a flood, and the ability
of terminals to increase throughout following a flood. Again, bulk commod-
ities were of major interest.

Generally, it was found that B.C.'s railways have sufficient experience and
flexibility to cope with short term outages. The three major railways,
BCR, CP and CN annually experience delays of varying lengths due to winter
snow conditions, rockslides and derailments. During 1972, CN tracks were
closed and 23 trains were rerouted over BCR's trackage during one week.

In addition, both the CN and CP lines are vulnerable to flooding, and both
railways have developed emergency measures to deal with flood problems.
These include the placement of ballast and riprap materials in cars which
are held on sidings, placement of bridge material in cars, and preparation
measures; although the Fraser and Thompson posed a severe flood threat in
1972 and caused numerous bank slippages-and inundation, no serious delays
occurred in rail shipments.

As well as delays caused by snow and flooding, rail shipments are often
affected by strikes involving railway workers, dockworkers and seamen.

As a result, the railways have a great deal of experience in dealing with
delays. The CN and CP have a reciprocal track agreement which allows free
access to each other's tracks in the event of outages. CN and the BCR
have a similar agreement, and although the CP- and BCR do not have a formal
agreement, BCR officials were confident that this would present no problem
should the need arise for the CP to utilize BCR trackage.

Because of the reciprocal agreement between CN and CP, it can be concluded
that no serious delays would occur if one. line were closed and access was
maintained between the two railways via the bridge over the South Thompson
River. : ' o

In the event that both the CN and CP were put out of service by flooding,
the only remaining alternatives would be to delay shipments or to transfer
them to the BCR via Prince George, or to reroute shipments through the U.S.

BCR officials indicated that they could handle up to-abdut 20 trains daily
under short term emergency conditions, especially once planned modifications
are made to their plant. The main problem in diverting shipments is not
rolling stock, but the availability of trained crews. Generally, track
conditions such as grade and curvature are similar for the CP and BCR, and
CP crews could easily be used over BCR trackage. However, CN does not have
grades exceeding 1 percent or curves exceeding 6 percent, compared to the
BCR with grades up to.2 percent and curves up to 12 percent. Consequently,
CN crews are not used over BCR tracks, although during an emergency such as
a major flood, some use could be made of CN crews.

ks ]
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Nevertheless, it can be concluded that . a substantial portion of CP and CN's
trains could be successfully- rerouted through Prince George to the BCR
track in the event of a major flood.

Trains could also be rerouted through the U.S. over the Great Northern
Railway via Sweetgrass, in Alberta, or either Kingsgate or Troop Junction

in B.C.” CP 'coal and grain shipments would appear to be possible candidates
for rerouting in this manner. However, railway and terminal officials
doubted that much use would be made of this alternative, especially if access
to Roberts Bank were cut off. Seattle area ports would not receive coal due
to the time required to assemble a shipload and the lack of adequate bulk
handling facilities.

It was found also that Vancouver area terminal facilities’would be adequate
under forseeable demands for increased throughput. Prince Rupert could be
utilized to ship grain and forest products. It was estimated that Prince
Rupert could, with its present facilities, triple grain shipments. During
July, 1972, 70,000 tons of grain were shipped from Prince Rupert.

Vancouver area terminal facilities are also capable of greatly increased
throughputs on a.short term basis. Since these terminals normally do not
operate three shifts, under emergency conditions throughput could be more
than doubled simply by working overtime. :

Thus, it can be concluded that even if floods disrupted both the CN and CP
tracks, a substantial proportion of their traffic could be rerouted to North
Vancouver over BCR track via Prince George, and that port terminals could
easily handle this extra traffic. When North Vancouver's terminals were
fully utilized, bulk commodities could be transferred to Vancouver via the

"CN tunnel.

Since rerouting over BCR track, espec1ally for the CP would involve incon-
venience and extra costs, an attempt was made to determlne under what con-

ditions rerouting would be used, and which.commodities would be most likely
to be rerouted. .

All railway officials interviewed stated that they would prefer to merely
delay shipments rather than reroute them. They also indicated that even a
closure of one month could be made up over the course of one year, by full
employment of rolling stock. Even CP's unit train system for coal shipped
to Roberts Bank would be capable of making up a one month shortage, since
both the railway and the mine allow for approximately one month's disruption
in production and shipping annually in their plans of operation.

Consequently, it was determined that the railways have sufficient capac1ty
to make up for a month's shutdown caused by flooding, so that no permanent

sales losses need occur due .to transportation bottlenecks.

While it was found that all normal shipments could be delayed for one month

‘and made up later, railway officials noted that in all likelihood certain

commodities would nevertheless be transferred to other railways. The
conditions under which commodities would be transferred to other lines are
as follows. . - s
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1. Where competition exists with other transportation modes, especially
trucking. Piggyback containers are a good example of intermodal
competition where customers might be lost to the trucking industry

- if substantial delays were encountered.

2. Commodities which generate relatively high profits would likely be
transferred. Most general merchandise such as manufactured goods would
fall in this category.

3. Bulk commodities which are often sold on a "spot" basis, such as potash,
and which were in low supply at port terminals, would be transferred.
In these cases, and where ships were waiting to take on specific cargoes,
the possibility of permanently lost sales would induce the railways to
maintain shipments.

4, Political or other pressure might be_exertéd_to‘givefspecific commodities
preferential treatment. Grain shipments might be at least partially
maintained due to political pressure (or decree in the case of CN).

It was felt that, in general, coal would not be transferred, since shipments
could be made up later and since coal sales are on a contract basis so that
permanent sales losses would be unlikely. Since the railways have a
"captive" market on bulk shipments of such things as sulphur and coal, and
since many of these commodities are sold on a contract basis, there would
be very little natural inducement to transfer shipments. However, as
mentioned above, special circumstances could easily prevail which would
induce the transfer of selected commodities. '

All rail officials were hesitant to estimate which bulk commodities would
be transferred or would receive priority once the tracks were reopened.
They indicated, however, that perishables, piggyback and general merchandise
would be most likely to be transferred rather than delayed. They also in-
dicated that of the bulk commodities, coal destined for Roberts Bank would
be the least likely to be transferred.

It appears therefore that inventories on hand at port terminals and cargoes
for waiting ships would determine which bulk commodities would be given
priority treatment by the railways. Interviews with terminal representa-
tives indicated that as a general rule, inventories equal to one month's
shipments were commonly on hand, but that these inventories varied widely
over time. and could not be predicted with accuracy.

The following conclusions can be drawn from the information obtained on rail
and port terminal facilities and shipments. First, given a severe flood
which forced closure of the CN and CP railways for up to ome month, all
perishables, piggyback and most general merchandise would be transferred
over BCR tracks rather than delayed. Secondly, since substantial inventor-
ies of bulk commodities such as coal, potash, sulphur, grain and phosphate
rock are generally on hand at port terminals and since many bulk commodities
are sold on a "contract" basis, no permanent sales losses are foreseen as a
result of rail disruptions which delay bulk shipments. The railways and the
port terminals would be capable of recovering shipments delayed for one
month over the course of the following year. Thirdly, where "spot'" sales

of bulk commodities were threatened, or where ships were waiting for

~
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specific cargoes, bulk commodities would be transferred to the BCR line.
Generally, however, railway companies would prefer to delay bulk shipments
since they have a "captive" market and since profit rates per unit shipped
are low. Transfer of Roberts Bank coal to the BCR.would, for example, be
very unlikely due to the long detours required and the large volume of
material 1nv01ved

Since no permanent sales losses are envisaged, no production losses or even

delays are likely to occur. Instead, firms would be likely to continue full
production and build up their inventories.

I.2.1 Frictional Costs

Where economic activity is either transferred to other establishments or
deferred to the future, extra "frictional" production and transportation
costs may occur. Where normal production is at less than full capacity,
these frictional costs may be offset wholely or in part by economies of

scale.

For secondary losses caused by disruptions in the tranéportation system, the
only admissable frictional costs are extra transportation and storage costs,
since flooding would not cause production delays.

Generally, flood loss studies which include estimates of frictional costs
simply use an estimate based on a percentage of the. gross value of produc-
tion. An estimate of between 2 and 3 percent is commonly used in these
cases, due to the extreme d1ff1cu1ty of precisely determining the nature and
magnitude of frictional costs.

Since secondary frictional costs in the case of Fraser River floods are
restricted to extra transportation costs, and since some railway officials
were quite co-operative in providing "rule of thumb" cost estimates, a more

- detailed methodology for determining frictional costs has been developed for

this study

As was mentioned earlier, railway officials were extremely hesitant to
estimate exactly which commodities would receive priority treatment given

a disruption of their track. Decisions on which commodities to transfer
and which to delay would depend on inventories at port terminals, political
pressures, etc. Generally, perishables and profitable items such as piggy-
back and general merchandise would be transferred, and where possible,

bulk cargo would be delayed.

Accordingly, this study,presents estimates of the pereentages of broad
commodity groups which would be transferred or delayed. Cost estimates
for commodities delayed or transferred have been made as follows:

R}

1 R.W. Kates, Industrial Flood Losses' Danage Estimates in the Lehigh

Valley, Chicago, 1965.
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Delay Costs:

Rajlways would recover delayed shipments by making fuller use of available
rolling stock. With large inventories of commodities waiting at production
sites, and low inventories at port terminals, loading and unloading times
might be reduced somewhat, so that fuller use could be made of equipment

and labor. In addition to this, shipments would also be increased by working
overtime, and this would involve extra costs. Since no extra mileage would
be involved, the main component of frictional costs for delayed shipments
would be the overtime portion of wages paid.

Railway officials estimated that total operating or variable costs amount to
approximately $.003 per ton mile, and that the majority of these costs
represent labor charges. For the purposes of this report, the following
assumptions have been made. ' ~

- It is assumed that 75% of variable operating costs represent
wages and salaries.

- It is assumed that in order to recover delayed shipments,
half of these shipments would require the use of overtime
labor. ‘

- Overtime rates are assumed to be 150% of regular rates.

Based on the above assumptions, the average extra costs for all delayed
shipments would be approximately $.0005 per ton mile. If the average trip
length is 700 miles, the extra costs incurred due to delay would be about
$.35 per ton.

Transfer Costs:

Since transferring freight from either CP or CN onto the BCR via Prince
George involves increased travel distance, the extra costs for transferred
freight are equal to the full variable costs of $.003 per ton mile. It is
assumed that no delay other than the time required to travel the extra
distance would occur.

The actual amount of extra mileage generated by transferring to the BCR
would depend, of course, on the origin of the freight and which railway it
is travelling. Freight travelling on CN via Edmonton would incur about 150
extra miles, while freight which usually moves through Calgary via CP would
incur detours of from 200 to 400 miles, depending on origin. For example,
freight originating in the southern areas of Alberta would incur the maximum
detour mileage, since it would have to be routed through Calgary to Edmonton.
Freight originating in Saskatchewan or east of there would incur shorter
detours in order to reach Edmonton, while freight originating approximately
100 miles northwest of Edmonton would not incur extra costs, since it could
be readily transferred to BCR via the North Alberta Railway, at Dawson
Creek.

<
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For purpdses oannalysis, it can'beraséumed that the average detour distance
is about 270 miles, so that the extra costs incurred due to the transfer of
freight to BCR is about $.80 per ton.

These frictional costs, both for delay and transfer, would be borne by the
railways rather than passed on to their customers. In connection with this,
two points deserve mention here. First, since these losses would occur

due to the inundation or damage to tracks within the flood area, the rail-
ways' losses are actually primary, not secondary losses. Second, since
neither of the national railways are owned or based in B.C., only a small
portion of their losses would actually accrue to B.C. residents. However,
these points are considered to be somewhat academic, and neither has been
included in the ‘following analysis.

Since no published data are available on the amount of freight carried in
B.C. by each railway, or by origin and destination, it has been necessary to
generate estimates of the amount of freight which could be affected by
flooding. Data published in Railway Freight Traffic, Second Quarter, 1971,
has been used as a basis for estimation. This publication lists the. total
tonnage of freight loaded and unloaded in B.C. by commodity groups. Since
flooding would mainly affect freight destined for export, only data on
freight unloaded in B.C. has been included in this analysis. Certain com-
modities such as some processed foods, gravel, bauxite, etc., have been
deleted since such commodities are either imported into B.C. for local -
consumption, are not shipped over vulnerable lines, or are produced on the
flood plain and would suffer permanent production losses. :

In addition, the percentage of total .exports shipped via Vancouver .and .
New Westminster ports was obtained from Shipping Report, 1972, and applied
to the adjusted tonnages previously derived. Finally, it was assumed that
of the remaining tonnage, 757 was shipped via the CN and CP.

Tables 1 - 6 present estimates of the frictional costs incurred by railways
under various flood conditions. Based on information obtained from the
railways regarding their probable reaction to closure, and on information
obtained from port terminal authorities regarding the average inventories

of bulk commodities on hand for shipment, it has been estimated that 25% of
all foods (mainly grain), crude materials (mainly coal and other materials),
and fabricated products (mainly potash and lumber products), would be trans-
ferred to the BCR or to CP's southern route (when possible). In addition,
it is estimated that all end products and piggyback freight would be trans-

ferred, The balance of cargo would be delayed.

Table 1 presents an estimate of the frictional costs which would result from
a one week closure of both the CN and CP lines north of Basque. Under these
conditions all CN frelght would either be delayed or transferred to the BCR

or CP lines. Since CP's southern route would be unaffected, it is further

assumed that half of its freight could be carried on this line at no extra
cost. Based on these conditions, total frictional costs are estimated at
$116,000. .

Table 2 presents an estimate of frictional costs given a, one week closure of
both the CN and CP lines below Basque. Under these conditions, CP's southern
route could be affected so that both CN and CP would have to either delay
shipments or transfer them to the BCR line via Prince George. Losses amount
to $157,000 under these conditions.
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Table 3 presents an estimate of frictional costs given a one month closure
of the CN, CP and BC Hydro Railway below Hope. Again, the only alternatives
open to the CN and CP under these conditions are delay or transfer to BCR.
Losses would amount to $676,000 under these conditions.

Table 4 presents an estimate of frictional costs generated by a one month
closure of the B.C, Hydro Railway in Delta. In order to minimize damages

to the roadbed, it is likely that B.C. Hydro Railway would substantially.
suspend its shipments duiring the entire month, particularly of Roberts Bank
coal. The resulting loss estimate of $234,000 is based on a normal shipment
rate equal to present contract volumes of 8 million tons per year.

As can be seen in section I.1 3.(c) of the flood conditions presented in.the
introduction, the CNR yards at Port Mann are susceptible to intermittent
flooding during high tides but would not be closed for any appreciable time.
While tidal flooding would cause additional delays, these are not felt to be
large enough to warrant attention. The generally reduced total volume of
shipping which would occur during a major flood would in part compensate

for the delays caused to remaining freight.

Table 5 presents an estimate of the frictional costs which would be incurred
by the CN during a one week closure of its line above Basque and the simul-
taneous loss of the bridge over the South Thompson River at Kamloops. Under
these conditions CN would not be able to reroute freight via CP at Kamloops
and would therefore have to delay or transfer freight to the BCR via Prince
George. Some freight originating in eastern B.C., Alberta and east could
be transferred to the CP line for shipment over its southern B.C. route.
Since CN freight can transfer to the BCR line with a minimum of difficulty
and a detour of only 150 miles, transfer costs are estimated only $.45 per
ton. Losses under these conditions would amount to an estimated $63,000.

Table 6 presents an estimate of the.frictional costs incurred by CP during

a one week closure of its line north of Basque. Under these conditions, CP
could retain use of its southern B.C. route and could transfer other freight
originating outside of B.C. to the CN 1iné_via Calgary and Edmonton. It is
estimated that half of its normal freight would utilize the CP track at no
estra costs, and that for freight transferred to CN, the average detour
distance would be about 150 miles. Under these conditions losses would
amount to about $31,000.

If either the CP or CN lost its track for periods up to one month below
Basque, freight could be easily transferred to the other railway via
Kamloops. While these transfers would involve some delay, it is unlikely
that these delays would represent substantial economic loss. Again, however,
CP would in all likelihood suspend its coal shipments, especially if the

B.C. Hydro Railway connection to Roberts Bank were closed, so that friction-
al costs would vary from $54,000 to $234,000, for closures varying from one
week to one month. '

Under all foreseeable flood conditions then, frictional costs would vary
from about $30,000 to $680,000 with the latter estimate based on a one
month closure of CN, CP and the BC Hydro Railway.

<
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It is interesting to compare these estimates with those which would result
from the use of a standard frictional loss coefficient. As was mentioned
earlier, the costs are often assumed to be about 2% of the gross value of
production, or in the case of railways, the gross revenue received for
affected freight. Assuming the worst flood conditions analysed in this
report, about 1,610,000 tons of freight would be affected.

If the average haul is about 700 miles and the average revenue is $.007 per
ton mile, then a 2 percent of gross return frictional cost would be $158,000,
in contrast to the frictional cost estimate of $680,000 developed in this
report for identical flood conditions. It is considered that this large
discrepancy results from the fact that the standard loss coefficients were
developed mainly for primary industrial losses due to production delays and
inefficienciesin transferring production to plants located off the. floodplain.
Since this studyis concerned with secondary losses, and since these losses
are confined to the transportation industry, higher frictional costs appear
logical in that the transportation industry, by its nature, must be profoundly
affected by stoppages or transfers.

'1.2.2 Future Secondary Losses

Information was obtained from railway representatives regarding the
probable future rail transportation network and terminal facilities, espec-
ially with regard to the effect such changes would have on the magnitude

of future flood losses.

Overall, it was found that in future, growth and expansion both of rail and
terminal facilities will increase the flexibility of the transportation
industry, and substantially reduce the dependence on Vancouver and New
Westminster ports. Someof the forecast changes are as follows:

- Construction of the Clinton-Ashcroft connection between the BCR
and CN would effectively link these railways as well as the CP,
thus substantially reducing detour distances: The connection
would be particularly beneficial to the coal industry, but all com-
modity shipments would benefit with the provision of an alternative.
route to coastal and export markets via BCR.. Given flooding of both
CN and CP lines below Basque for one month, use of this connection
would almost entirely eliminate transfer costs, maklng transfer .
more attractive than delay. '

- Port expansion is likely at Prince Rupert, Kitimat and possibly
Squamish, while Vancouver area ports offer little potential for
expansion. CN officials were confident that a Substantial propor-
tion of bulk shipments would be rerouted via Prince Rupert in the
relatively near future, thus removing this freight from the pos-
sibility of delays due to floodings. Similarly, development of
bulk handling facilities at Squamish would provide another flood
free route for bulk commodities. Therefore, while shipments to
Vancouver area ports.are likely to continue and even increase to
some extent, much of the future bulk traffic will not be suscep-
tible to flooding, and when flooding does occur, transfers to these
ports will be both possible and economical. ‘
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-~ As the volume of cargo increases, additional rolling stock will be
required, thus increasing the amount of equipment available to
make up delayed shipments.

- Roadbed improvements are likely to be made by CP, CN and the BC
Hydro Railways. All of these railways recognize the danger posed
by floods, and have plans underway designed to improve flood
proofing through track elevation, tunnel relocation and other
improvements. The feasibility of flood proofing is indicated by
the fact that at present the railways are only susceptible to
flooding in a few scattered areas.

- Creation of a single '"terminal' railway for the Lower Mainland
would greatly increase the efficiency of operations in the Lower
Mainland, which would be reflected in shorter delays under flood
and post-flood conditions. :

- Construction of a railway track through the Elk Valley to the U.S.
would provide another flood free route, especially .for coal shipments.

It is difficult, if not impossible, to determine the probability of timing
of these changes. There is little doubt, however, that as the volume of
freight increases, various changes will occur which will. serve to reduce
losses due to flooding. Accordingly, the following assumptions have been
made in estimating future losses:

- Overall railway shipments as measured by ton-miles will increase
at the historical rateof 4 percent. Of this amount, half will be
shipped to Vancouver area ports, and Vancouver area ports will
reach capacity by 1990, by which time shipments will have increased
‘by 50 percent.

- Costs per ton-mile will remain constant in 1971 dollar terms.
- A discount rate of 7 percent is assumed.

Under these conditions, the 1972 present value of losses occurring in the
year 2000 will range from about $150,000 to $7,000, depending on the dur-
ation and location of track disruptions. Table 7 summarizes the present
value of frictional costs under the 6 flood condltlons presented in
Table 1 - 6, at 5 year intervals.

1 Statistics Canada, Railway Tramsport, Part 1V, 1970. p. 9.
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‘I.3 'Roads

If flood conditions either in the Lower Fraser Valley or elsewhere resulted
in the blockage of all road traffic, secondary losses could occur both to
the transportation industry and to firms cut off either from their source of
supply or markets. '

Loss of the Trans-Canada Highway in the vicinity of Spences Bridge would
not represent a significant disruption, since access between the Lower
Mainland and the Interior would be rerouted via Highways 3 and 5. Since
these detours are short, no extra costs are envisaged.

Flooding in the Lower ‘Mainland which prevented access to Hope via the Trans-
Canada Highway, however, would present more serious problems. Given such
flooding, access to the Interior would only be possible by detouring through
the U.S. Therefore, while no permanent sales losses to firms located off
the floodplain are envisaged, certain road freight would have to be either
delayed or transferred over U.S. roads, which represents a substantial
detour distance. Since detouring could easily double operating expenses in
terms of wages and fuel, it is felt that most affected freight would be
delayed. 1In this case, only the overtime portion of wages would represent
extra or frictional costs.

It is estimated that one month's revenue in the trucking industry for inter-
city and rural cargo amounts to about $10,000,000 in B.C.

Of this amount, approximately $2,000,000 represents wages and $1,000,000
represents fuel costs. Only a small portion of total freight represents
Interior traffic and of this, only a portion would incur secondary
frictional losses. For purposes of analysis, it is assumed that 10% of this
freight would be delayed for one month, and that all ef this delayed freight
would require use of overtime labor. Under these circumstances, frictional
costs due to a one month closure of the Trans-Canada Highway in the Lower
Mainland would generate frictional costs of about $100,000.

It is estimated that if all the affected freight were transferred via U.S.
roads, operating costs would double, for a total loss of $300,000. In view
of this discrepancy, it is considered likely that most affected freight
would be delayed.

For the future, the most important road development will be completion of a
major highway from Lytton to Vancouver via the North Shore, Squamish and
Lillooet. This route involves mileage similar to the Trans-Canada route
and is entirely flood free. All secondary losses to thé trucking industry
will be eliminated when this road is completed. For purposes of analysis,
it has been assumed that this road will be completed in 1987.

l'D.B;S.;'MOtOr'Carriers'— Freight, 1968. A growth rate of 5% used to

estimate 1972 revenues.
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The present 1972 values of these losses, assuming a 5 percent snnual growth
in traffic, is given below in 5 year intervals. - A 7 percent discount rate
is used. ' '

Year * Present Value
1972 $100,000

1977 92,000

1982 83,000

1987 75,000

1992 —_——

1997 -

2000 —_—

I.4 0il and Gas Pipelines

' —

Both oil and gas pipelines are located on the floodplaln; and closure of
these plpelines due to floodlng would result in substantial permanent sales
losses. !

Westcoast Transmission delivers natural gas to B.C. Hydro and to El Paso
Natural Gas at Huntingdon, which is located at the southern end of Sumas
Prairie. Gas deliveries to El Paso amount to about 800 million cu.ft. per
day, with an export value of about $270, 000 per day. B.C. Hydro receives
about 200 million cu. ft. per day, with a gross value of about $170,000 per
day.

Control and metering facilities at Huntingdon could be inundated by fiooding
but could be operated underwater. In addition, flood protection could
easily be provided at these facilities during an emergency.

In addition to these control facilities, the main gas line traverses. the
floodplain at Sumas Prairie, so that some danger of line flotation exists.
However, much of this line has been weighted, and officials of Westcoast
Transmission doubted whether «disruption due to linevrupture would occur.

* Consequently, no. secondary 1osses ‘are env1saged as- a result of dlsruptlons

in gas pipelines.

Trans Mountain has a pumping station on the Sumas floodplain as well, and
without emergency flood protection this station would be vulnerable to '
flooding. Of the average daily throughput of approximately 350,000 barrels
of oil, some 250, 000 barrels are exported to the U.S. Trans Mountaln
receives about $130 000 daily for transmission services.

Considering the potential magnitude of flood losses and the small area which
would require flood protection by dyking, it is comsidered that flood pro-
tection could be provided during an emergency, and no secondary losses are
envisaged.
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I.5 Tourism

Because June is not a peak tourist month, and since alternate routes to
Vancouver and the Interior are available for both U.S. and other Canadian
visitors, no secondary losses would accrue to the tourist industry as a
result of flooding on the Lower Mainland. Tourist accommodations in the
Vancouver area would, in fact, realize substantial income from displaced
floodplain residents during and after flood conditions.

1.6 Conclusion

In order to assess the potential for secondary flood losses due to breakages
in the transportation network, a number of interviews were held with rail
and port terminal officials to determine their ability to either transfer or
delay shipments following track disruptions. Generally, it was found that
both the railways and port terminals have sufficient capacity and experience
to make up delayed shipments of up to one month. Short term disruptions

are quite common annually due to snow conditions and labor disputes, and

the railways annually activate a flood emergency program aimed at minimizing
delays following track disruptions.

Port terminals generally carry substantial inventories of bulk commodities,
and can more than double throughput by operating extra shifts. '

Because of these factors, it can be concluded that no permanent sales losses
for bulk or other commodities would occur due to flooding which caused rail
disruptions.

Rail officials stated that while they would prefer to merely delay all ship-
ments during flood conditions, they would transfer commodities which

generate high profits, perishables and sufficient bulk commodities to prevent
permanent sales losses. Generally, all piggyback and general merchandise
would be transferred to B.C. Railway, as would a portion of bulk shipments.,

Delayed shipments would be made up by using overtime labor, so that the
extra cost to the railways for delayed shipments would be confined to the
overtime portion of wages paid. If half of the delayed shipments required
the use of overtime labor, extra costs of about $.35 per ton would result.

Since transferring freight from either CN or CP to the BCR would involve
detours of from 150 to 400 miles extra, costs would include the extra labor
and fuel required. These costs are estimated at about $.003 per ton mile,
or $.80 per ton transferred.

Frictional costs under various flood conditions would range from about
$30,000 to $680,000, as shown in Tables 1 - 6. Losses would vary depending
on the location and duration of track disruptions.

C ]
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Future frictional costs were determined on the basis of foreseeable changes
in the transportation network, as well as in past growth rates in rail
traffic. Generally, it can be concluded that as changes are made in the rail
network, the potential for secondary losses due to flooding will decline.

The present value of these losses was projected to the year 2000, based on
a growth rate of 2 percent annually until 1990 in freight destined for

.Vancouver area ports, and a discount rate of 7 percent.

Thus, it is estimated that the maximum possible secondary loss to the rail
transport industry would amount to about $680,000, and that over time, the
potential for secondary losses will decline relatlve to the expected growth
in traffic. S

Much the same situation.exists with regard to the road transport industry.
Losses would be confiried to the frictional’ costs caused by delay or detouring
shipments through the U.S. at Huntingdon. Only a small portion of total
truck traffic in B.C. would be susceptible to such losses, and where disrup-
tions occurred, it is likely that the majority of shipments would be delayed.
Under these condltlons, secondary flood lossés would amount’ to $100,000. In
the event that all freight were detoured, losses of about $300,000 would
result. -

. -
-~ - - - -

While 0il and gas pipelines lie within the floodplain, it is considered that
the companies-involved would protect their control and pumping facilities
with local dyking, and no secondary losses would-occur.

Tourism would probably not be significantly affected by floodlng, since
alternate routes both to the Lower Mainland and the Interior are available.
Vancouver area hotels, restaurants, etc., would probably be at full capacity
in any case, servicing flood v1ct1ms.
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