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Eighty-one are dead. Hundreds of
persons are homeless. Damages
amount to millions of dollars. These
statements describe the terror of Oc
tober 14-15, 1954, wrought in Toronto
by the flood due to "Hurricane Hazel"
(4). Almost every year some region of
North America is similarly devastated
by floods.

Can these flood damages be pre
vented? The waters which cause the
damages are usually the result of an
extremely heavy rainfall or a rapid
snowmelt. But the damages reach cata
strophic sums largely because man has
inhabited and built up damageable
property on land to which a river has
a right of way. The scenes of receeding
Humber River floodwaters given in
figures 1 and 2 briefly illustrate the
hazards of flood-plain occupancy.

Figure i. Fairglen Crescent October 15, 19

Figure 2. Floodwaters reced rkef gardens.

Though billions of dollars have
been spent on flood-control structures
in North America since the start of

this century "the average annual flood
losses have increased rather than de

creased even when adjusted to the
changes in the value of the dollar" (7).
If man is to prevent the repeated re
currence of loss and suffering due to
floods he must adapt his use of land
to be in harmony with the prior ap
propriation of the rivers (5,8). Effec
tive flood-plain zoning is the best long
range method of flood damage reduc
tion.

As the use of the land intensifies
it is not enough merely to advise that
buildings be put on high ground. It
becomes essential to attempt to define
how high is sufficient, or how low is
vulnerable. This definition is best
done by making maps with floodlines
to delimit lands which are vulnerable
to a particular degree of flood hazard.
While the mapping of lands subject to
flooding along lake and ocean shores
is also important, this paper will be
restricted to the problem of mapping
of flood-vulnerable lands along rivers.

TYPES OF MAPPING

Some of the main types of mapping
which delimit flood-vulnerable lands

are described below.

1. Large scale topographic plans are
made to show a series of floodlines

delimiting lands which have been, or
can be expected to be, flooded at par
ticular recurrence intervals. Common

scales are 1 inch = 100 feet to 1

inch = 400 feet (1:1200 to 1:4800).
This method is used by the U.S.
Geological Survey where accurate
flood records covering long periods of
years are available (9).

2. Large scale topographic plans
are made to show the floodlines of

a particular flood of record. This
method was used to map the lands
along the Humber River which are
vulnerable to a flood of the magni
tude of flood "Hazel" (Oct. 1954).
Scales of 1 inch = 200 feet to 1 inch

== 400 feet (1:2400 to 1:4800) are
used.

3. Large scale topographic plans are
made to show the limits of lands

which would be flooded during a
postulated flood which could reason
ably be expected to occur in the area.

4. A combination of types 2 and 3
are made. This has been done for the

watersheds adjacent to the Humber
River in the metropolitan Toronto
region. Samples photographed from
the maps for the Etobicoke and High
land Creeks are included as figures 3
and 4. These maps were produced at
a scale of 1 inch = 200 feet (1:2400).

5. Floodlines for a particular flood
of record may be superimposed on an
aerial photograph mosaic. Common
scales for such mosaics range from 1"
= 990 feet to 1 inch = 1320 feet
(1:10,800 to 1:15,840). Figure 5 is a

U

sample rephotographed from a mosaic
produced for the Whitson River (2).
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6 The lands which could be expect
ed to be flooded by a flood postulated
as in 3 might be outlined on aerial
photograph mosaics.

7. A combination of 5 and 6 might
be produced.

8. Small scale maps giving a very
rough outline of lands likely to be
subjected to periodic flooding are



sometimes made as part of an early
stage zoning plan. Scales may be
1:15,840 to 1:50,000.

The choice of map type for a par
ticular valley depends on (a) the
quality and quantity of records of past
floods (both levels reached and rates
of discharge), (b) the extent of the
area to be mapped, (c) the existance
of large scale aerial photographs or
of topographic maps with small con
tour interval, (d) the intensity of
development of the area and (e) the
degree of precision required for the
primary purpose of the mapping.

Map types 1, 2, 3, and 4 are gen
erally only economically feasible
where virban development is dense
or encroaching rapidly. Types 5, 6, 7,
and 8 are less accurate and generally
less costly to produce, but they have
been effective in alerting the public
to flood hazards.

ESTABLISHING FLOODLINES

Where Good Stream Gaage Records
are Available

If accurate records covering many
years of flood stages and discharges at
several sections along a river are avail
able, good quality maps can be made
showing a series of lines bounding
lands which can be expected to be
Hooded with different recurrence pro
babilities. The maps may show the
limits reached by actual floods of
record with the year of flood and the
estimated recurrence interval marked.

While the frequencies for various
elevations of flooding would be very
useful to the engineer, there are few
streams in Canada with sufficiently
long records to establish reliable es
timates of these frequencies. If the
maps are to be used by laymen there
is a danger that they will expect a
flood of a given frequency to recur
at regular intervals. It is a well-estab
lished fact that floods do not recur at

regular intervals, but may occur in
any year. In lieu of frequency, the
Tennessee Valley Authority has made
maps showing three zones (3), the zone
flooded by the highest flood of record,
and the zones which would be flooded

by the "Regional Flood" and by the
"Probable Maximum Flood".

In Canada the period of record is so
short on most rivers that an erroneous

impression of safety could result from
maps which show only the maximum
flood of record. The probable boun
daries of some higher flood which
could reasonably be expected to occur
should also be shown if possible.

Where Records are Scanty or Non-
Existant

In those municipalities in which in

tensive development is only beginning
to encroach on the streams few re
liable records of flood stages or disc
charges may be available. The lack of
specific records should not be taken
as sufficient justification for urban
development to encroach on the
streams. Some estimate of probable
extent of future floods should be
made to guide development and pre
vent future flood losses. An indirect
approach using hydrologic and hy
draulic calculations may be taken to
establish floodlines. Discharges at var
ious reaches of the river may be esti
mated by hydrologic techniques. Back
water and flood routing calculations
may be made to obtain peak flood
stages. The limits of lands flooded
at these stages may then be shown
by floodlines on maps.

For most areas where flow records

are unavailable rainfall and snowmelt

intensity data in quality to allow the
estimation of discharges of particular
recurrence frequency are also unavail
able. What then, should be the dis
charge chosen to develop floodlines?
A flood that has a graphic meaning
for laymen is that which would result
from the occurrence, over the water
shed of interest, of a storm which pro
duced a severe flood on an adjacent
watershed. For Southern Ontario the

recent flood on which the most data

is available—fragmentary as it is—was
that produced by "Hurricane Hazel"
on October 14-15, 1954. "Hazel" was
most severe on the Humber watershed.
By transposing the storm "Hazel" to
the watershed of interest, estimates
of discharges of a severe but probable
magnitude have been obtained (6).
In areas where some period of dis
charge records are available, but stage
records are scanty, a discharge of a
particular number of times the mean
annual peak discharge is chosen as
the basis for floodline calculations.

Design discharges 5 to 7 times the
mean annual peak discharge have
been used (5).

Probable flood levels for the de

sign discharges are commonly deter
mined by use of Manning's equation.
During a flood the frictional charac
teristics and flow pattern of a river
may be significantly altered by the
formation of debris or ice jams and
by the erosion of new channels and
disposition of bars. In view of these
sources of flow alteration and the lim
ited range of conditions for which
Manning's equation applies (1), a
flood with a discharge of a magnitude
used in the backwater computations
could well produce water levels one or
more feet above or below the calcula
ted value on a small river.
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The cross-section data to be used in
backwater computations may be ob
tained by field surveys, from topogra
phic plans, or stereoscopically from
aerial photographs of the valley. The
use of digital cross-section co-ordinate
data obtained directly from stereo-
photographs together with electronic
computers for the backwater compu
tations has possibilities for reducing
the tedium and cost of large mapping
programs.

Where topographic maps are used
to obtain the cross-section data and

as the base for the floodlines, discrep
ancies between map position and field
position of a floodline may result from
errors in the original placing of the
contours on the maps, the measure
ment of the cross-section data from

the map, and the placing of the flood-
line on the map. For flat gradient
streams flowing in gently - sloping
valleys field surveys both for cross-
section data and establishment of

floodlines may produce the more ac
curate result unless the topographic
plans are large scale (1 inch = 200
feet) and have a contour interval of
about two feet.

In valleys with lands sloping very
gradually to a shallow permanent flow
channel, as exemplified on the west
side of the channel in figure 3, small
changes in water level produce large
changes in the flooded area. The
topography and vegetation in such
shallow valleys must be scrutinized
carefully in estimating the probable
flow pattern, since the errors in hori
zontal position of the floodline will
be greater in a gently-sloping than in
a steep-sided valley. Overbank flow
may have to be taken into account in
separate parts when large differences
in resistance to flow exist. Roadway
embankments may cause pondings of
large areas of land in shallow gently-
sloping valleys. For secondary road
crossings it may be better to obtain
flow area by placing a long portion of
the approach roadway at an elevation
considerably below the bridge deck
elevation rather than building bridges
of many spans. Flood gates on the
roadways might be used to prevent
cars from being trapped during the
short time that the road is flooded
over.

In steep-sided flat-bottomed valleys,
such as that exeplified in figure 4,
it is frequently found that the com
plete valley bottom is vulnerable to
flooding. In this case small differen
ces in flood level result in only very
small differences in land zoned. The
danger of bank erosion due to under
cutting at the toe and sloughing of
the sides is quite prevalent in steep-



sided valleys. Thus in some zoning
plans it may be desirable in addition
to a flood-plain zone to include a
valley-land zone in which construction
is to be discouraged.

A method which by-passes the de
termination of design discharges for
establishing floodlines for unguaged
rivers has been devised by the U.S.
Geological Survey (9). Empirical re
lationships between flood heights and
river valley geometry are developed
for gauged rivers in the surrounding
region, and applied to the unguaged
rivers. Field measurements are made

using a hand level and a rule for ele
vations and pacing for horizontal dis
tances. This method is "not intended
to supplant the basic hydraulic and
hydrologic studies" (9). Its principle
merit is in its simplicity. It has value
for producing temporary maps for
preliminary planning.

When a Flood Occurs

When a severe flood occurs people
in the affected locality may be busy
trying to save lives, stock, and equip
ment, and little thought may be given
to recording flood levels. Several
years later, when intensive develop
ment is promoted, it is very difficult
to get a complete picture of the limits
reached by the flood.

If a good map of the extent of a
flood is to be obtained it is essential
that survey parties be dispatched to
record discharge measurements and
high water marks while the river is in
flood. If the stream has not carried
large quantities of debris, the high-
water marks may become uncertain
in a few hours—especially if the flood
occurs in the spring as growth is com
mencing. Debris is deposited as flood
waters recede. The more prominent
debris lines may be at a lower eleva
tion than the peak reached by flood-
waters. A series of inexpensive float
gauges might be installed along a river
to obtain peak levels. The float rises
on a guide wire with the rise of the
flood but is restrained from falling as
the flood recedes.

When a builder challenges the vul
nerability of land to flooding the
case is arbitrated more readily by
reference to maps which show the
floodlines of a severe flood of record
than to maps which have floodlines
derived from transposed storms and
backwater calculations. When a flood

occurs in a valley that has been map
ped it is still valuable to dispatch
survey parties to obtain accurate flow
and stage data. This data may be used
to refine methods and update exist
ing maps.

Even though a flood may occur on
open or forested land the mapping of
its limits may still be valuable. Such
an event might be recorded on aerial
photographs, without going to the ex
pense of topographic mapping at that
time. If high-water marks can be pin
pointed on aerial photographs at rea
sonable intervals (14 of a mile to a
mile apart on flat gradient streams)
it may be possible to complete the
floodline stereoscopically and signifi
cantly reduce the field work. This was
clone to produce an outline of the 1960
flood in the Whitson Valley (2), a
portion of which is reproduced in
figure 5. The area between the flood-
lines on the mosaic was ghosted with
an air brush. Approximate positions
of the floodlines on the ground can be
obtained by scaling the distances from
roads and fences which can be iden

tified in the photograph. The discon
tinuities in the floodlines at conflu

ences with tributary valleys indicate a
lack of mapping information for this
area rather than freedom from flood-

ig-

SUMMARY

1. Maps which show the lands inun
dated by floods of record, or those
which can reasonably be expected
to be flooded in the future, are
valuable tools for land use plan
ning, for the enforcement of zoning
regulations, for the assessing of
benefits and costs of flood-control
schemes, and for focusing public
awareness of flood problems.

2. The type of map made will depend
on the extent of data available and
the type of development in the
area.

3. Careful observations of flood sta
ges and flood discharge rates are
needed even after an area has been
mapped in order to refine methods
and to update existing maps.

4. In steep-sidd valleys which are
subject to severe erosion in flood
periods it is advisable to establish
a valley zone as well as a flood zone
in which dwellings should not be
built.

5. When flood records are insufficient

to allow the production of accurate
large scale maps, it is still worth
while to produce tentative small
scale maps to guide land use plan
ning.
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