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ABSTRACT

FLOOD LOSS REDUCTION: A
REVIEW OF ALTERNATIVE
TECHNIQUES FOR MICHIGAN

ﬂm.utuqtua-q o e By

Wtu B et Timothy Alan Hiltz

‘4 '\M‘ AMEE PO
™ m MW‘ significant flood plain management responsibilities
o ;

r }mxc.'. Commission were enacted in 1967 and 1968, The legis-
\tth_ responsibilities and involvement of the state in flood
g‘% t“t did not provide for a complete nor a comprehensive app-

“muont of flood loss reduction.

AVE o d;nyiov was conducted to develop the range of alternative

‘have traoqn proposed for reducing and mitigating flood losses.

by < olo‘pnong, Postdevelopment, and Emergency technique tri- 1

%sau{ means of implemention, and limitations of floodway

5;»93“!‘5 pla:_l.n zoning, subdivision regulations, i

'%levggg ?gx"o_%fing, urboTn renewal, building and re-

' h bacgnin:!.tiqn, nood plain 'arnins -igns, nood

t 3 opgg,_ flood insurance, engineering works of

:I.on 1, e oqlncnt:l.ont tochnicul aui-tmco, conpro!un:in

' relief a are _developed from the literature review,
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tgoiniques Within Michigan, Chief reliance was given to personal interviews,

personel correspondence, state and federal agency flood management files, and

library holdings ©f local and state government documents for establishing the
gpopriateness and applications of the above techniques.

It vas found that =a number of the techniques which have been proposed in

the flood literature are not thoroughly discussed in the literature nor known

to be implemented oxr practiced at the state or local level., Building code

regulations, taxation policies, warning signs, urban renewal, evacuation, re-

development, building and rebuilding finance, education, and comprehensive

* land use planning wexre found to be poorly developed in terms of flood loss and

M,lm nanagement considerations, Inadequate coverage in the literature
i paralleled by 1little technique implementation at the local and state level.
Significant attempts at utilizing floodway encroachment regulations, flood
plain zoning, subdiwvision regulations, engineering works for flood protection and
regulation, and technical assistance were found at the state and/or local level.
Little use but considerable potential for productive use of flood proofing,
acquisition, flood insurance, and education was apparent from discussions with
local, state, and Federal government agency personnel,

Deficiencies and weaknesses were found in numerous applications of flood
loss reduction techniques. Recommendations for additional specific studies are
suggested for each of the techniques, regardless of whether they are currently
Wmmod within the state., More specific concerns and recommendations
ﬂWM flood plain regulatory programs at the state and'local level.

e

_ w:::tion between floodway encroachment zones and flood plain

k.

1! apparent, Furthermore, clear differentiation and a;bplication
and the power of eminent domain is needed. Existing ordinances

appear to discriminate between uneconomic and economic
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,.‘ 1S and non-hazardous structures. Excessively restrictive

ion of flood plain areas may be developed if the current

. e of Michigan, and the Water Resources Commission in particular,
SRS

re @t.ntion to (1) redirecting the responsibilities and

n regulation to local units of government, (2) establishing
for distinguishing ‘oconnic and uneconomic flood plain

\, th. overlapping application of police powers in the pro-
s and (4) ova}uating the importance of education, technical
wve land use planning programs in advancing and inte-

hniques for reducing flood losses.
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CHAPTER I

INTRODUCTION AND BACKGROUND

Presence of 2 Problem

Floods are 'acts of God,'
but flood losses are
largely acts of man,l

As Gilbert White tersely noted, man has often settled in such a

manner as to expose himself and his developments to the risks of flooding.

Estimates made in 1966, based upon inadequate information, place

the average annual flood loss in the United States above 1 billion

dollars.z Figures for Michigan flood losses are even more difficult

to report. Two decades ago, the average annual flood damage in

Michigan was estimated in excess of 1,5 million dollars. This figure was

apparently arrived at on the basis of tabulated flood losses. However,
the actual flood loss figure was believed to exceed the estimated
value by many times that cited, due to unaccounted flood losses.3

A more recent tabulation of annual flood losses in Michigan was not

lgi1bert Fowler White, Human Adiustment to Floods - A Geographical

Approach to Flood Problems in the United States, Ph.D. Dissertationm,
Published as Research Paper No, 29, Department of Geography, University

of Chicago (Chicago: The University of Chicago Press, 1945), p. 2.

2!7 8., COnsress, House, Task Force on Federal Flood Control Policy,

osses, House Doc. No. 465,

Government Printing Office,
Reference cited hereafter as U.S., Task Force Report on

89th COng., 2d sess. (Washington, D.c..
1966)’ Pe 3e

Federal Flood Control Policy, House Doc. No. 465, 1966.

Stato of Michigan, Water Resources Commission, First Annual Report,

19‘09*1950, First Annual Report to the Governor and Legislature (Lansing,
lich,: Michigan Water Resources Commission, Nede), Pe 37

S Dauk ¥ 1
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found or known, Nevertheless, numerous reoccurring accounts of flood

losses appear in Michigan newspapers nearly every year,

A second perspective of the significance of flooding in Michigan

is evident from figures on investments in engineering works of flood

protection and regulation., Incomplete figures for 1967 show approxi=

mately 89.1 million dollars for investments in Corps of Engineer

projects completed, underway, or currently authorized for Michigan.l
More recent figures for 16 Small Watershed Protection and Flood Pre-

vention projects reveal that more than 16,8 million dollars will be

2
invested in these projects. The figures are incomplete in that they

do not represent a current dollar basis. In addition, some multi=-

purpose projects costs are involved in several projects for which

figures were summed., The figures do suggest that about 100 million

dollars in flood prevention and protection projects have been constructed,

or are presently authorized in Michigan, While this may not be as

large an investment as found in other states, it still represents a

considerable investment in flood protection and prevention.3 Moréover,

there is every reason to believe that the risk of flood loss is in=

creasing in Michigan as well as nat::Lonally.l"5

- 1967 (Chicago: U.S.
Army Engineers Division, North Central Division, January, 1967),

m' 39"‘1, 56-67’ 59’ 63’ and 64.

zﬂ S., Congress House, Committee on Appropriates, Subcommittee on

Department of Agriculture and Related Agencies Appropriations, Hearings,
90th Congress, lst sess, (Washington, D.C.: Government Printing Office,
1967), pp. 514 & 515.

3'1111& Glenn Hoyt and Walter B. Langbein, Floods (Princeton,

New :m-ug: Princeton University Press, 1955), pp. 80=86; Figure 25
P, 83&:&._.!1.0 1, p. 84; and Table 2, p. 86,

” ce Witte, Chief Flood Control Unit, Michigan Water Resources
o , Personal Interview, Lansing, Mich., January 29, 1967.

& €2t
» ‘!'iﬁ Force Report on Federal Flood Control Policy, House




- Hypothesis and Study Objectives

n evident that Michigan has continued to experience

;8 and associated flood losses, Further, there has been an

f A""ntmtlu;o- doveloping at the national level dealing with
7 nmar.— '
yrnatives for managing and reducing flood losses, While many ideas
dye pto
‘eren muent philosophies have been advanced in the litera-
MBE 4n tero
little discussion and review of such ideas has been reported in
W ol satar o
chigan. Accordingly, a charge was given to the author to embark upon
NPy '
eplgs Mﬁ' Res
? flood management policies and programs as they might be
) fhat th
t to Michigan flood loss management needs.
ma L
ting the premise that flood losses were a management problem
3 Saken «:
ga : it was lwpothuizod that such losses could be reduced and/or
N oF publi
the future throush a broader flood loss management program.
shren
this hypothclis a number of objectives were established
2he mature
q‘ﬁd initial chargo involved providing a comprehensive
“rad 1o Arawirg
uul pronoud flood loss management alternatives which
d&«fc gl
ﬂ.cnsan. A similar review was not known to exist
w1 BS 4v Y retaen
Conseq u.tlr, such a review was folt to be of suffic:l.ont
0 "’“Muoa WaAre nneoyay ‘
150 -Qﬁ. Moreover, it was felt a co-prohonnivo review
& Flotd I08s Barasemos! tepsativedss qJanaver,
flood loss management toeh.uiqun was required
M Peetristead to & limited vunbap of sAbersw
e second main objective.
: i w:.ﬂ qate O‘M“ tl:‘pm

X .S
e

.A__On







4
Fourth, because of the nature of this study, new ideas and additional

recommendations will be posed for further research and study.

General Plan of Investigation

The approach adopted for this study was largely set by a larger, more
comprehensive study carried on at the same time., The study of flood loss
management in terms of Michigan needs was a component of a more general
review of water resource policy undertaken while the author was with the
Michigan Water Resources Commission., At the outset of the study it was
recommended that the.comprehensive study and review requested depended
essentially upon secondary sources of data and information., Therefore,
the approach taken entailed an extensive literature search. This
included review of public documents and records, Supplementary informa=-
tion was obtained through personal interviews and by letter correspondence.
In effect, (1) the nature of the study requested, (2) the time, and (3)
the resources required in drawing together the policy review did not allow
for detailed, primary data collection nor statistical analyses.

Quantitative methods have only recently been introduced to this
subject aroa.l Some references were uncovered in which modest attempts
have been made at modeling flood loss management alternatives.2 However,
the models to date have been restricted to a limited number of alterna-
tives, Even these have involved extensive data collection and processing

which required sizeable research staffs, Such requirements exceeded the

?’U,S., Department of the Army, Corps of Engineers, A Methodology For
d_ o : , Report by TRW Systems Group,
Redondo Beach, California submitted to U.S. Army Engineer Institute for
Water Resources, Alexandria, Virginia (Springfield, Virginia: Clearing=

house for Scientific and Technical Information, December, 1969).
AR RE T1OG, - SOV DR, o

glas James,
es, Research Report No, 16 (Lexington, Ky: University of
y Water Resources Research Institute, 1968).,
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y and also fall short of the comprehensive review

, much narrative material has been written in terms of
| 1oss management concepts. A variety of alternative
ucing flood losses have been proposed in such materials.

, . is a sizeable gap between general concepts and detailed
e alternatives., Many alternatives have not had the
m requirements, arnd limitations of their implementation
uently, some attempt has been initiated in this study

jo ty between concept ami technique development. To

hi s it was necessary to bring together many references in the

gement with materials in allied or compatible areas of

:" | & v '

TR
Limitations of Study
A w) X

( M& 'ty between cencopt proposal and technique development is

" L

: ;Q a It illustrates the problem of bridging the

u’nc"optl and perspective of the generalist and
;; yecial ﬂ. This study reflects the problems in trying

SENE oy W
“It m toud that once a general concept

3 hma; o dmloplant was that of the
e i < o TR =
Vﬁ e £§r mu lon

' "'»_" ¢t fi. Doy
elds, including: hy=
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at after a general concept has been advanced in the general
sequent treatment often moved directly to the applications
in a unique problem environment, The task here was found to
. the task of developing a model building code; only here,
Mﬁmcmt alternatives are dealt with as opposed to one
mwﬂm a unique community. Another notable limitation will

‘in the treatment of alternative techniques. This concerns re=

ives for physically managing flood flows, frequently termed
mawt-, or preferably, engineering works of flood

_ontion. These have been well developed and implemented

. of flood loss management. They are minimally treated here,
veloped and understood in other engineering references,
of this weakness is somewhat allayed by the presumption

flood loss management in Michigan will not derive

1ent in engineering protective devices so much as in
1d use guidance, management, and control,
of this study are also evident. A major weakness
8 to the time interval involved in conducting the
gm 'hlquiry was initiated in the fall of 1967
e m“& at ﬁﬁ'ﬁsn State University., Numer-
he study were experienced subsequent to its initia-
crapective as well as suppost of the study vere
Bt n%. nxae not faum F—
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The Task Force Report reflected the growing national awareness of a
need for a more comprehensive approach to flood loss management in general,
Provisions in the latter two Michigan legislative enactments reflected
the interest in the state, particularly at the Michigan Water Resources
Commission in obtaining enabling powers to expand their responsibilities
in flood loss management,

This study to a large extent is a reflection of the interest at that
time in broadening flood loss management responsibilities at the state
level, No credit is claimed for these legislative enactments within this
study. Early drafts of parts of this study were available during that
period of legislative activity. However, at best such research can be
considered reflections of the Commission interest in broadening its
management program at that time,

Finally, because of the intervening periods between study development
and writing, a number of revisions and adjustments were necessitated in
earlier study drafts, It was found that a significant limitation in
this study results from the rapid change and movement in the flood loss

management field in general.

Review of the Literature

‘Extensive review of the literature will be undertaken in subsequent
chaptofh while (1) developing the various flood loss management alterna-
tives and (2) analyzing present policies. The following outline

identifies the significant references relied upon in the flood loss

<3

anagement literature.
FEAYANRLYY < :

A wg of proponents of comprehensive flood loss managements have

T » Y

‘the literature, Professor Gilbert White, formerly of the

ity Mjﬁf‘fm and Mr, James E. Goddard, formerly of the Tennessee
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Valley Authority have authored numerous works and stimulated others
to do malso, Professor White's classic study in 1942 has been followed
by a series of special studies at the University of Chicago.1 His work
was culminated recently in his chairing the Task Force on Federal
Flood Control Policy. The report under his chairmanship came forth with
far reaching recommendations for comprehensive flood loss management policy
adoptions and adjustments.2 One reference from the University of Chicago
of considerable importance to the present study was that of Francis
Murphy, a studgnt of Professor White's at the University of Chicago.3
His study was of principle benefit in contributing to the development of
the framework of this study and the initial outlining of many of the
alternative management techniques.

Professor Allisin Dunham's writings contributed greatly to the
development of the legal considerations of this study. He provided the
most comprehensive and definitive legal study of the application of
police powers for flood plain management found to date.‘ Wertheimer is
credited with the first substantive inquiry in this area.5 Much of the
work of both writers was still found applicable todaye.

Review of techniques used in engineering works of flood protection

and prevention relied upon references of two authors and of the American

~ Nmite, Human Adiustment to Floods, 1942.

ZUQS.. Task Force Report on Federal Flood Control Policy, House Doc.
465, 1@.

MR 4 ¢, iy, RUAQACIK Tlooe-Flaty Develommiont, Departnent
of aphy Research Paper No, 56, University of Chicago (Chicago:

Mv q of Chicago, 1958).,

"“"’“‘*nn-on Dunham "Flood Control Via the Police Power", Univepsity of
Pennsy] : oW, Vol, 107 No. 8 (June, 1959); 1ssuod as a reprint,

. Wertheimer, v
_;,x cﬂuoma State Planning Board, June, 1942),
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Society of Civil Engineers., Harold Kilbirth Barrows,1 Yan Ch'eng
Shih,2 and the Report of the Committee on Flood Control, Hydraulics
Division, A.S.C.E.3 provided the primary sources of information for
this review,

Two publications of B, Tate Dalrymplel”5 and one by the
Hydrology Committee of the Water Resources Council6 provided the basic
information for outlining hydrologic considerations in flood events,
The latter publication provides the current accepted practices for
computing flood flow freguencies by Federal water resource agencies.

Finally several references deserve mention as general sources of
background material. Floods by Hoyt and Langbein7 along with The Flood
Control Controversy by Leopold and Maddock8 provided good introductory

references to the general problem of flood loss management,

lBarrows, Floods, Their Hydrology and Control (New York: McGraw-Hill
Book Co,., 1948),

?Tans-.Chens Shih, American Water Resources Administration, I and II
(New York: Bookman Associates, 1956).

QAmorican Society of Civil Engineers, "Flood=Control Methods: Their
Physical and Economic Limitations," Report of the Committee on Flood Control,
Hydraulics Division, Proceedings, Vol. 66, No, 2 (Lancaster, Pa: American
Society of Civil Engineers, February, 1940), pp. 265-282,

l'Tate Dalrymple, "Flood Characteristics and Flow Determination =
Part I of Hydrology of Flood Control,™ Section 25 in Handbook of Applied
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CHAPTER II

THE PROBLEM SETTING

Introductory Comments

An almost implicit causal relationship between flood losses and
riverine settings is assumed in most of the literature dealing with
flood loss management., The consequences of this tendency can lead to
the disregard of other causes of flood losses when dealing with compre=
hensive flood loss management programs., On the other hand, the degree
of attention and amount of literature devoted to problems of river
flooding is indicative of public priorities relating to management of
flood losses. This is true at the Federal level and within the State
of Michigan.

Certain definitions and a number of qualifications will be set
forth below in order that a proper perspective of flooding as an
occurrence and as a hazard may be obtained. Definitions are needed for
at least two reasons. First, an understanding of types of flood events
is important to the design of different sets of management techniques.
Second, an explanation of a few concepts associated with flooding will
indicate how technical considerations in an of themselves, tend to frus-

trate effective policy dévelopment for managing flood losses.

~ Definition of Terms

Flooding

lioodins, as an event, is commonly associated with flowing water
“heyt

bodies that have become excessively swollen from storm drainage and/or
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snow melt. As a consequence, water overflows the channel banks and
inundates adjacent land not usually covered with water.l Such a con-
cept can be too restrictive at times., A broader concept of flooding may
be needed in order to give recognition to flooding due to hurricane driven
storms and inadequate drainage in urban areas., This will be brought
out below in the discussion of causes of floodings., In general, subse-
quent discussions in this paper will maintain the narrower concept. That
is, primary attention will be given to riverine settings and associated
flooding in Michigan., This is due to (1) the dominant role riverine
flooding has held in development of alternative flood loss management

policies, and (2) to the prevalence of this form of flood event through-

out Michigan,

Causes of Flooding

Hurricanes

One of the most dramatic and devastating causes of flooding is that
associated with hurricanes, Here flood losses are not necessarily
restricted to riverine settings nor coastal beachfronts, Flooding
and subsequent damage may be a result of the interaction of hurricane
winds and (1) intense rainfall, (2) high tides, and/or (3) wind driven
Iatcrcoursos.z’a Intense rainfall may cause immediate flooding due to

(1) inadequate runoff and drainage with resultant ponding of waters, or to

lThis narrow definition of flooding as an event is illustrated
in (a) Dalyrymple, "Flood Characteristics and Flow Determination,"
ed ology, 1964, p. 25=2; (b) Hoyt and Langbein,

, 1955, Chapters 2 and 3; and (c) Webster's New Twentieth Century
nittion!;: == Unabridged (New York: Standard Reference Works Publishing
Company, Inc., 1957). Although, Hoyt and Langbein draw an apparent
distinction between hurricane induced damage and riverine flooding;
see Am. 24.

"'?liyi and Langbein, Floods, 1955, Chapter 2, "Why We Have Flood

Problems”,

 S%nin, American Water Resources Administration I, 1959, p. 8.
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(2) the subsequent overflow of taxed stream channels and waterways.
A further potential element in this type of flood hazard is the damage
which results from salt water intrusion associated with wind driven sea
waters in coastal areas. The corrosive effect of the salt water is an
additional source of flood loss relative to those destructive elements
associated with river flooding which include losses due to sedimentation
and siltation.

A variation of hurricane caused flooding is present in the Great
Lakes Basin Region. Michigan along with other Great Lake states and
the Province of Ontario, experience property losses from flood waters
associated with wind driven storms sweeping across the Great Lakes during
years of extreme high water levels. In preceding years of high lake
stages, flood losses due to coastal flooding have been known to greatly
exceed flood losses associated with riverine settings when averaged
on a year-by-year basis, This dramatic form of flooding merits separate

study and consideration.

Riverine Settings

River flooding may result from a number of causes.l As in hurricane
(or wind driven) flooding, the causes of river flooding are not always
distinct in their operation or contribution. The most frequently en=
countered form of flooding is that resulting from intense and/or pro=-
longed rainfall. The rainfall is often coupled with rapid snow melt or
rapid surface water runoff resulting from impermeable soil conditions.
Impermeable soil conditions increase the rate of runoff delivery, as well
a8 the amount of precipitation yielded in the form of surface and sub=-

Surface perched runoff., A second cause of river flooding is the obstruction

[ el
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of river flow by landslides, ice flows, debris, and/or structures built
by man., Any of these forms of obstruction can impede flood flows causing
the river to overflow its banks upstream from the obstruction, A third
cause of river flooding is the overtopping and possible failure of dams.
A variation of this would be the failure or sudden removal of an obstruction
to flood flow cited in the second cause., A second variation of the third
cause is the failure of river levees, flood walls, and dikes to retain
flood flows and flood waters., In the event of a dam or levee failure a
sudden surcharge of water may be released to the adjacent occupied
flood plain formerly protected by the dam or levee system. In any
of the three preceding causes of flooding, the overtopping of a re=
taining structure does not necessarily have to be accompanied by an
eventual failure of the structure and accompanying sudden surcharge.
Significant damage may result solely from the large volumes of water
overtopping the retaining structure. In fact, in the case of levee
systems, inadequate drainage behind levee embankments has been the
cause of surface water accumulation and resultant flood damage not

associated with a high river stage or flood event.

Urbanization as an Influence on Flooding

Another form of flooding has been increasing in its occurrence and
importance in terms of economic losses., This form is associated directly
With man's concentrated settlement patterns and urbanization. Soil
Permeability and vegetation are reduced or eliminated in large expanses
of urban areas due to pavements and other sealed surfaces. Inadequate
Or insufficient drainage during intense rainfalls is resulting in
‘!Mugn@pngi flooding of urban areas., Depressed expressways, roadways,

and wp, become surface waterways., Témporary surface water storage is
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also provided by these roadways as well as other depressional areas,
including basements and ground floors of low lying homes, businesses,
and other buildings. This aspect of flooding is, in large part, an
engineering design problem, i.,e., relating storm sewer design to
precipitation rates, runoff data, and cost data.l

A second facet of increased urbanization is the aggravation of

riverine flooding, The aggravated flooding is attrubutable to imper=-

meable surfaces, increased surface runoff, concentration of surface

runoff, and accelerated delivery of surface runoff, The significance of

urbanization on increasing levels of runoff are well illustrated in civil
engineering references, Increases in levels of runoff are demonstrated
with the progression from unimproved areas to highly developed down=

town areas., Coincident increases in runoff coefficients are also noted
by surfaces as they progress from porous to less porous surface types.
For example downtown business areas and/or concrete streets may typically

have runoff coefficients as high as 0,70 to 0,95, While unimproved areas

and/or lawns of sandy soil types and flat slope may have coefficients

of 0,10 or less., In short, the less pervious the surface type the

greater the percentage of runoff of incident rainfall, Numerous additional
factors, as surface or depressional storage, antecedent rainfall, intensity
of rainfall, and surface slope will also influence the magnitude and

direction of adjustment of the runoff coefficients.2

The aggravation of riverine flooding due to urbanization is apparently
1Jo:l.nt'. Committee of the American Society of Civil Engineers
and the Water Pollution Control Federation, Design and Construction
8 , ASCE Manuals of Engineering Practice
No, 37 or WPCF Manual of Practice No, 9 (New York: American Society
Of Civil Engineers, 1960), Chapter 4, pp. 33-34, 47-50, and 77-78,

VAYEL Ama: nre 1
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restricted in its effects to the smaller but more frequent flood events,
That the problem is important and worthy of concern was indicated by
the special Task Force on Effect of Urban Development on Flood Discharges.1

A review of the literature undertaken by the Task Force uncovered
differing conclusions as to the degree of increased flooding associated
with urbanization, However, it can be concluded that urbanized areas are
increasing the magnitude and the frequency of the smaller, more frequent
floods., This effect is lost as larger and less frequent flood events are
considered., As will be noted in the following sections, this is but one
of the conflicting interrelationships between human settlement on flood

plains and the hydrology of flood events,

Flood Risk and Loss Concepts

While floods and flood damages are a very real and dramatically
vivid phenomena, the defining of flooa risk and hazard in riverine settings
present problems of an abstract nature. The misunderstanding or ignorance
of flood risk gives cause to much of the human and institutional diffi-
culty in achieving flood loss reduction., The misunderstanding and ig-
norence stems in large part from the probabilistic nature of flood risk,
As such, flood risk is a function of the frequency expectations of different
flood events, i,e., flodds vary in time and dimension., Accordingly, the
defining of a flood plain risk area is an exercise in probabilities;
Vhich immediately creates problems in flood plain policy development

and management,

[——

i!alk Force on Effect of Urban Development on Flood Discharges,
Committee on Flood Control, "Effect of Urban Development on Flood
m:—: Current Knowledge and Future Needs," Progress Report in
! Proceedings of the American Society
of (ivil Engineers, Vol. 95, No. 1 (Ann Arbor, Michigan: American
‘Nhy« Civil Engineers, January, 1969). p. 289, ‘
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Flood Plain in a Riverine Setting

Each flood plain can be discussed in terms of its topographical
relationship with the stream channel or river bed, The delineation
and definition of the flood plain is, in part, a function of the sus=-
ceptibility of the land to inundation as the water rises within the
defined channel banks of the watercourse, (Use of "natural' can be
misleading when specifying natural channel bank without setting forth
the criteria for natural,) The delineation problem develops from the
dynamic nature of a stream, The flood plain of the stream has been and
may be at certain times part of the stream or river channel. At the
same time the flood plain undergoes change or alteration due to flood
scour, sedimentation, and changing stream bed or channel flow, Such
processes all affect the subsequent flooding or overflow of the channel
banks, As a consequence, the flood plains and the associated flood risk

to land use are both dynamic and relative concept:s.l’2

Hloodway and Backwater Region

The topography and hydraulics of a watercourse are such that the
flood plain may be sub-divided into two zones. The boundaries of each
of the two zones are interdependent but variable, depending upon the
flood magnitude under consideration, The area of first concern is the
floodway., It represents the area necessary to actively pass the flood
flow under consideration., The destructive forces and damage potential
in the area are considerable, due to shear and scour resulting from
active transport of flood waters and their suspended loads. Impediments

in this zone restrict flow and effectively raise or increase the area of
i

CLaps wnd ,
'Aq ?M&'ndlanslnin, Floods, 1955, pp. 13=18.
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~ "Leopold and Maddock, The Flood Control Contpoversy, 1954, p. 10.
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the second zone, The second zone, the pondage or backwater region,
results from overflow of waters from the floodway onto adjacent lands
for temporary storage. Storage in the backwater area is necessitated by
excess runoff and flood volumes relative to floodway capacity. Consequent,
direct losses and damages in this zone are attributable to wetting
action and/or sedimentation processes of relatively quiet ponded waters.
(In the case of hurricane or marine water flooding, additional damage
may be attributable to the chemical action of the salt water.) Indirect
damages and losses are also related to general flooding as will be

developed below.l 2

If the two zones were static, i.e., always of the same areal
extent in each flodd, then flood loss management practices might be
more readily developed. This is especially true of land use regulatory
measures, However, a portion of the pondage area for one flood may be
in the floodway of a more severe flood. In some instances, the floodway
may move out of the old channel bed and develop a new flood channel.

The understanding of this dynamic phenomenon is apparent in engineering
practices, However, the importance of this dynamic two zone phenomenon
is not adequately reflected in previous considerations of regulatory

Programs for directing land use in the flood plalin.3 That the distinction

lfrancis C. Murphy, Regulating Flood Plain Development, 1958, pp. 13-14.

2John Richard Sheaffer, Flood Proofing: An Element in a Flood Damage
Beduction Program (Chicago: University of Chicago Press, 1960), pp. 77 & 183,
3?0: example: Allison Dunham in "Flood Control via the Police Power,"
1902. correctly distinguishes between flood damages and losses caused to a
party from those incurred directly by a flood plain occupant. How-
ever, the author fails to adequately distinguish between the two flood plain
Z0nes and their implementation for the resulting externally inflicted
damages and those borne solely by the flood plain occupant., In reality,
the lyhiétion between the two zones is muddled by the fact that each
mﬁ"ﬁm area does, in fact, cause some external damage. The problem

o 5Ny aac
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between, as well as the existence of the two zones, is important in
considering flood plain regulation and flood loss reduction can be
viewed in the differing consequences of building in a zone prescribed
by administrative or statutory action., Building in a permitted flood
plain area predicated upon a certain flood event of a more severe
nature occurs. The hazard would lie primarily in the ignorance of the
flood plain occupant of the remaining flood hazard and/or the associated

false sense of security of residing in a flood plain area adjoining the

regulated flood plain area.

Ereguency Expectations of Flood Occurrences

A common practice of classifying floods is by their frequency
expectation, The frequency expectations are expressed in terms of
variations in time and magnitude of flood occurrence. The most familiar
expression of flood frequency is the selected time frequency flood, as in
the notation of "a ten year flood," "a one hundred year flood," etc.
These may be expressed alternately as floods having a ten percent chance
or a one percent chance, respectively, of occurring in any one year. This
latter is preferred, due to the misinterpretation often associated with
the former notation. In either case, the floods have been associated
with floods having a certain magnitude as measured by volume, rate of
flow, and/or stage level which can be expected to recur on an average
as prescribed by the notation.l

Two qualifications should be immediately notéed. First, the proba=

bility of expectation is presumed to (1) be based on a long, historical

[ ———y

is that the ability to determine the individual contribution to the

displacement of backwater storage area and consequent increase in flood

Stage is very difficult to arrive at and sustain in a legal proceeding.
is not true in the case of the floodway.

dorg g Mbmio .
o ';iiyi'i‘u Langbein, Floods, 1955, p. 64.
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record of events and (2) average out over a long period of time. Second,
an expectation expressed in this way is less than ideal due to changes
in the hydrology of the stream brought about by natural processes and
human activities.

The first qualification results from limitation in the historical
record of flood occurrences and the long term averaging requirements.
General flood records do not go back beyond the turn of the century.
This causes the calculation of frequency expectation to be subjected to
readjustments as the years of record continue to accumulate. The long
term averaging requirements complicate the interpretation of the record.
It is conceivable and has happened, for an extreme event, such as "a
one hundred year flood," to repeat its occurrence within a relatively
short period of time,

The second qualification develops from the changes in the hydrology
of a watershed. The changes often become significant as a result of
human activities, especially in the case of urbanization. Accelerated
rates in runoff or in drainage yield from a watershed can increase a
flood magnitude that would be normally associated with a particular meteoro-
logical event and undisturbed environmental conditions. Human activities
may thus increase the magnitude of a "ten year flood," or correspondingly
increase the frequency expectation of a specified flood magnitude. This
will also complicate the first qualification by altering the watershed
conditions for which the flood record is being kept. The effect will be
Such that the historical record of a stream is a composite record of an
ever changing stream.

1 somewhat more desirable practice is the use of discharge frequency

curves to note flood frequencies. This may be coupled with or used in

RAE .l o

MM ltugo-freqnoncy curves. The latter curves are of more immediate
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relevance in determining the risks of flood loss. Discharge frequency
curves relate different peak discharge flow rates (usually the flows
are expressed in cubic feet per second, c.f.s.) at a reference point on
the stream to a recurrence time interval.l’2

Similarly, the stage-frequency curve relates the different peak
flood flow heights at a reference point on the stream to a recurrence
time interval., This latter frequency measurement will allow determining
how frequently a spot at a certain elevation on the flood plain may be
inundated to varying depths., It does not relate the duration for which
this location may be inundated by a certain flood stage. Further, both
of these frequency curve methods are subjected to adjustments resulting
from natural and cultural activities. The adjustments in stage=frequency
curves are of considerable interest as they relate more directly to
areas (points) and heights of inundation and therefore reflect more
readily the changes or adjustments in flood damage risks.3

The length of time for which a location may be inundated by a certain
discharge = or stage = frequency determined flood can be inferred from a
third curve -~ the flood hydrograph. Each reference station on a stream

will have a distinct hydrograph for each frequency of flood. The flood

1For further statistical discussion of flow frequency, see H. Alden

Foster, "Theoretical Frequency Curves and Their Application to Engineering
Problems," Transactions of the American Society of Civil Engineers, Vol.
87, Paper No. 1532 (New York: American Society of Civil Engineers, 1924),
PPs 142-173 with discussions pp. 174-203. (See especially pp. 145=147

for treatment of unsymetrical or skew curve flow frequency behavior,)

2'!ho currently recommended method for flow frequency analysis is the
1°8¥Waraon Type III method; the basis for which was developed by Foster
in his 1924 article., See Water Resources Council, A Uniform Technigue
, 1967, ppe. 67,
- '3Eaik Force on Effect of Urban Development on Flood Discharges,
Current Knowledge and Future Needs," Proceedings of A.S.C.E., 1969,
‘1, pp. 293-308, :
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hydrograph will give the complete time record of a particular flood event
at a specified reference point or station. A sequential series of different
reference station hydrographs will yield an historical account of the
particular flood event in question. The hydrograph does so by relating
stage, discharge, velocity or other selected parameter of flood flow to
the time period over which the flood developed and subsided.
The hydrograph can be regarded as an integral expression

of the physiographic and climatic characteristics that govern

the relations between rainfall and runoff of a particular

drainage basin, It shows the time distribution of runoff at

the point of measurement, defining the complexities of the

basic characteristics by a single empirical curve.
Further, it allows relating various elevations adjacent to and lying in
a line normal to the stream to the risk of inundation by that particular
flood, along with the associated possible duration of inundation, This

is an essential element in determining the risk of flood loss and/or

damage due to a particular flood event.

Risk

In summary, the hazard of flood damages to cultural land uses is
dependent upon the location of the parcel of property in question upon
the flood plain and the frequency expectation of various flood magnitudes.
In addition, the notion of risk involves economic and cultural concepts
which introduce new elements to the assessment which go beyond the hy=-
drologic possibilities and probabilities of natural occurrences. An
extensive treatment of hazard and risk in relation to flood plain occupancy

is given by Robert W. Kates.2 Kates abstracted four fundamental assumptions

1Von Te Chow, “Runoff," Section 14 in Handbook of Applied Hydrology:
Comp ond:l.un of Water Resources Technology, ed. by Ven Te Chow (New York:

’nwm Willism Kates,

Hazard and Choice Perception in Flood Plain
%qurtnont of Geography Research Paper No, 78, University of
Chicago cago: University of Chicago, 1962).

rther, but less exhaustive treatment of hazard and risk in relation
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underlying decision-making theory as it might relate to recognition
of flood hazard and risk and any associated subsequent land use adjust-
ment actions. The assumptions relate to
(1) the underlying view of man's rationality;
(2) the types of decision processes involved;
, (3) the conditions of knowledge under which choice
is made; and
(4) the criteria that are used to guide such choice1

All four of these assumptions were found to be related to the flood
plain occupant's recognition of hazard, degree of risk, and the possible
magnitudes of accompanying damages. Of importance is the fact that the
perceptions of flood risk varied significantly between the individual
flood plain occupant, the flood loss management professional, and the
public decision maker causing differing perceptions of appropriate correc-
tive or protective actions,

The principal concern here is for the flood plain occupant, for whom
various alternative programs of flood loss reduction or relief are
available to select from, His perception of flood risk will have signifi-
cant bearing on what actions he may be willing to pursue. (Likewise, the
cost sharing or bearing elements of various courses of action will also
have a significant bearing on the individual's selected course of action.)
His perception of flood risk will be important in accessing his need for
and ability to take protective action. In light of the four assumptions,
the flood plain occupant's perception of flood risk was found to be
affected by

(1) his awareness or knowledge of previous flood events;

to hurricane and tidal flooding is found in a paper by Ian Burton, Robert

W, Kates, and Rodman E. Snead, The Human Fcology of Coastal Flood Hazard
leg: s Department of Geography Research Paper No., 115, University

of Chicago (Chicago: University of Chicago, 1969), see especially pp.
151-160.

Igates, Hazard and Choice Perception, 1962, pp. 12-13.
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(2) personal experience with flooding and flood loss;

(3) his assessment of local flood events, and

(4) the frequency of flooding experienced at hissite in
pazticular.l

The way the flood plain occupant integrates these elements and values
then will directly affect his concern and initiative in seeking, or

not seeking, a means of reducing his probable flood losses.

Losses and Damares

The inevitable inundation of flood plains or shorefront lands,
coupled with inadequate risk perce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>