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The Socio-Economic Dimensions of Beach Erosion

By William F. Tanner1 and Jerilyn Collins2

Abstract

Beach erosion, a serious problem along most of the world's
beaches, Is due primarily to natural causes rather than to the activi
ties of man. Where coastal cities or other expensive installations
have been built, beach erosion may pose an economic and a sociologlc
threat. The usual assumption is that, because of these threats, this
erosion can and must be stopped.

The most convenient measure of beach erosion is stated in simple
dimensions of length (L) and time CT): LT~', or linear distance
eroded per unit time (cm/yr, or m/yr). But a rate of I m/yr would
threaten a large city much more seriously than it would thinly-
populated countryside. To permit a more meaningful study of the
problem, we adopt socio-economic dimensions: P (people), D (dollars),
and area (L2). All five of these measures are used, and combined, in
a summary of a study of the possible impact of beach erosion In
Pinellas County, Fla. (Clearwater). If an erosion rate of 0.5 m/yr
is maintained in the area, over a period of 20 years, one can project
losses of pro-rated share of land area for 640 residents, destruction
of property valued at $72,000,000, and a cumulated loss of perhaps as
much as $300,000,000 in direct tourist income (without any multiplier
effects). A beach preservation program, through artificial nourish
ment, will probably cost $50,000,000 or more (without considering
inflation). The extent to which this trade-off looks attractive is a

decision for local residents to make, rather than an assumption to be
handed to them In advance.

As background for a study of this kind, a brief statement Is
given about the causes of beach erosion, and an outline is provided
for assessing what the future probably holds, barring unforeseen
interruptions in the operation of the system.

Possible Causes

Erosion is a serious problem along most of the world's beaches.
It is primarily due to natural processes, and only to a minor degree
to human activity. Perhaps because the Industrialized nations have
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been the first to discover that this change is under way, it has
been assumed that man has been responsible for it: either by means
of engineering activities (such as dredged inlets and construction of
groynes. Jetties, sea walls, breakwaters and the like), or merely
because the presence of a city — In some mysterious way — promotes
beach erosion.

It is true that engineering Installations can have a deleterious
effect on the littoral drift system, and there are many clear-cut
examples of this fact. The construction of an effective groyne, for
instance, does reduce the amount of sand in littoral transport down-
drift from the structure. One then extrapolates from this basic fact
to obtain the conclusion that human activities are primarily responsi
ble for beach erosion. This extrapolation is unwarranted, and largely
in error.

Careful studies, in the last few years, in places where the most
important engineering installation is a grass hut at least a kilo
meter from the beach, have shown that beach erosion is progressing
in such regions at about the same rate as it is elsewhere. Even in
built-up areas, it is in some cases possible to show that local man-
made devices are not responsible for the spectacular erosion that is
taking place.

The list of available causes can be stated as follows:

1. Activities of man (including construction of dams on
rivers).

2. Depression of the land (true locally, but not world
wide) .

3. Rise in mean water level (true on the Great Lakes in
the I960's and 1970's, but not on the ocean, which
has not risen significantly in the last few thousands
of years).

4. Change in wave climate (presumably due to a change in
windiness).

5. Maturing of the littoral drift system.

This list can be recast in various forms; one Interesting variant is
the following:

A. Rise in the water level (items 2 and 3, above).
B. Rise in the energy level (item 4, above).
C. Drop in the sand-supply level (items I and 5, above).

It is easier to deal with the individual items as given in the first
list.

The widespread development of typical beach erosion along
lengthy stretches of uninhabited coast (such as a strip, 300 Km long,
of beaches in the Brazilian state of Rio Grande do SuI; and many
others) shows that human activity cannot be the main cause. Land
depression is a local effect, which has not been active in states like
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Florida, where the rock platform (crust of the earth) has been stable
for tens of thousands of years and more, and hence it cannot account
for the world-wide phenomenon. The rise in mean sea level which took
place from about 20,000 years ago to about 6,000 years ago occurred
much too far back in history to have been responsible; furthermore,
the advent of historical erosion has not been simultaneous In

various parts of the world, as would be required if a sea level change
had caused It (Tanner, 1975b).

The two remaining items, on the first list, are "change in wave
climate" and "maturing of the littoral drift system." Each of these
could operate on a different time scale in different areas, and
therefore both must be considered as possible causes (for other than
very local effects). However, it has been shown that adjacent
segments of coast, exposed to the same wave system, mature at
different rates, and that the first one to mature is also the first
to experience severe beach erosion. This observation indicates that
the maturing of the system Is the No. I culprit (Tanner and Stapor,
1972).

The Maturing System

This process of maturing can be clarified a bit as follows. Sea
level rose, during the last 20,000 years, from about -125 m, to its
present position. When it did, it flooded large areas which previous
ly had been subjected to reworking and reshaping by streams, rain
splash, sheet flow, the wind, and other subaerial agencies. The
geometry of the land surface was adjusted to these subaerial agencies,
not to marine activity. When sea level rose, wave action began to
reshape the land-surface geometry. Some of this early activity
consisted of eroding in certain areas and depositing in others, as
part of a process of straightening the coastline. Once the coast
line was smoothly curved, or nearly straight, without many crenula-
tlons and important irregularities, long-distance littoral transport
could be operative. However, in this last process, sand losses
seaward are important, until sea-floor irregularities have been
smoothed out, to a considerable distance offshore, and a three-dimen
sional geometry of equilibrium has been established, in which wave
energy is absorbed, by travel across the shallow sea floor; thereafter,
there Is Iittle or no wave activity along the beach ("zero energy"
beach).

The littoral transport system is said to mature as the geometry
goes from (I) obviously crenulate and irregular, to (II) smoothly
curving equlIibrium in two dimensions (map view only), to (III)
smooth equilibrium in three dimensions (including profiles taken at
right angles to the shore).

Various procedures are available for studying the coast, to help
determine the stage in which any given area is found. Rapid erosion,
in very small segments, and rapid deposition, in similar segments,
coupled with notable changes in wave energy and littoral power (May
and Tanner, 1972), along the coast from place to place, mark the
first stage (I). Integrated littoral drift over relatively great
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distances along the beach, coupled with only small variations from
point to point in the wave energy and the littoral power, mark the
second stage (II).

General erosion is also a feature of this stage. Very small
values of wave energy and littoral power, coupled with very small
changes from place to place, mark the third stage (III). In this last
stage, erosion is minimal or zero, and the coastline has an overall
regularity, even though vegetation and very local processes may have
destroyed the smoothness of the previous stage. Stage I is the least
mature, stage 111 the most mature.

The seriously eroding beaches of the world are largely in I and
II. This fact alone is enough to justify the statement that, barring
unpredictable interruptions, erosion is going to get worse, before it
gets better.

The Pinellas Problem

Where coastal cities have been built, beach erosion may pose an
economic threat and a scciologic threat. A common assumption is that,
because of these threats, erosion can and must be stopped. In many
places, however, it cannot be stopped. A better procedure, then, is
to find out how much we are willing to pay in an effort to control it.

The most convenient measure of beach erosion is stated in simple
dimensions of length (L) and time (T): LT"1, or linear distance
eroded per unit time. One part of the Florida coast has been eroding
at a rate greater than 10 m/yr, for about 200 years and perhaps longer.
A few stretches of beach have negative erosion rates; that is, they
are accreting, or growing. Rates of change of a few tens of centi
meters per year may not be detectable, with the methodology at hand
(Tanner, 1978).

Fig. I. Map of part of Pinellas County, in west central Florida,
showing portions of Tampa Bay and a strip of the Gulf of Mexico
on the west. A chain of barrier islands, approximately 45 Km long,
extends in a north-south alignment along the coast. Littoral drift
directions are shown, at a few places, by arrows. The short
horizontal lines near the western edge of the map are cell boundaries;
they should be projected eastward until they extend to the barrier
islands. The two digit numbers are computer output, in joules/meter-
second, showing local values for the littoral component of wave
power (P|_) for the west south west only; it is this number, rather
than breaker height, that determines the amount of sand transport,
and hence erosion or deposition. Where Pi decreases markedly along
a littoral drift arrow, deposition can be expected; where P|_ increases,
erosion. The many littoral drift cells, and the pronounced changes
in P|_ (over short distances) indicate that the beach erosion problem,
in this area, wilI probably get worse. The absence of a supply of
"new" sand, where littoral drift arrows diverge, also indicates
more severe erosion in the years ahead.
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But a rate of 1.0 m/yr would threaten Miami Beach, for example,
much more seriously than it would Padre Island, half way between
Corpus Christi and Brownsville, Texas. To permit a more meaningful
comparison of different areas, we adopt socio-economic dimensions
(Tanner, 1975a): P (people), D (dollars), and area (L2), as well as
the two stated above (L, T). We will use this system of dimensions
In an effort to examine changes along the beach on the western edge
of Pinellas County, near Clearwater, Fla.

A dozen or so cities and towns are strung along the chain of
barrier islands, extending for about 50 Km from north to south. The
north end of the chain is a single island, beyond which is the "zero
energy" coast of the "Big Bend" area of Florida. (Typical breaker
heights along that coast are less than 5.0 cm.) The southern end of
the chain Is a cluster of Islands at the entrance to Tampa Bay. The
barrier chain between these two extremes is crudely L-shaped: the
northern arm extends almost due north-and-south, whereas the southern
arm extends toward the southeast. The corner, or hinge, of the "L"
Is close to the town of Indian Rocks Beach.

This string of barrier islands has more than a dozen littoral
drift cells on it. One cell is defined as an area of erosion, an area
of deposition, and the transport path in between (Tanner, 1973). The
average cell is, therefore, only about three kilometers long, measured
parallel with the beach. As a general rule, adjacent cells have
opposite directions of drift, but there are a few apparent exceptions.
Breaker heights are, very roughly, about 25-30 cm, or less, dropping
toward the "zero energy" coast toward the north, and dropping Into
Tampa Bay to the south. The overall littoral component of power varies
from almost zero, beyond the north end, to a maximum of about 15
joules/meter-second near the town of Madeira Beach. The littoral
power also varies a great deal locally, changing as much as 70 joules/
m-sec in a distance as short as about a kilometer, for certain wave
azimuths.

Because Individual cells are short, rather than integrated into
one long system, and because the breaker height and littoral power
values fluctuate a great deal over short distances, this segment of
coast Is thought to be passing from Stage I (obviously irregular) to
Stage II (relatively smooth and more-or-less continuous beach). If
this Is a correct identification, the erosion problem in the area
will get worse. Furthermore, with the geometry outlined above, there
is no source of "new sand" to nourish the drift system. If erosion is
to be prevented, there must be an ample supply of new sand, introduced
at the updrift end of each cell, either naturally or artificially.
This last observation also indicates increased erosion in the future.

The communities strung out along this chain of barrier Islands
have been aware of the erosion problem for some years, and a beach
nourishment program has been undertaken in the area. Like hunger,
however, beach erosion cannot be "solved" permanently; it can be
controlled only on a long-term continuing basis. Therefore there will
be more beach erosion in the area, despite the efforts at artificial
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nourishment.

LocaI Assessment

Along the beaches .of Pinellas County, the population density is
1775 people/Km2 (P/L2), and the property-investment density is esti
mated to be $20/m2 (D/L2) In general, and $200/m2 to $300/m2 on the
Gulf Front. Therefore, in the long run, each one meter loss of
beach front represents 0.156? of the total barrier island area, and
would destroy the pro-rated share of space for 64 people, as well as
property assessed at about $200/m2, or $7,200,000. For the city of
Clearwater itself, tourist income has been estimated at $15,000,000/
yr., or $179 per resident per year.

If an erosion rate of 0.5 m/year (an historical average) is
maintained over the next 20 years, one can project a loss of space for
640 residents and destruction of property assessed at $72,000,000.
Furthermore, if this damage were to terminate the tourist traffic
instantly (worst possible case), the cumulated loss can be calculated
as $300,000,000 (about $400 per county resident; covering 20 years).

In 1977 the estimated cost of beach nourishment was about
$400,000/Km. Not a 11 of the beach has to be nourished, and that not
every year. Perhaps total cost over a 20-year Interval, barring
inflation and other outside factors, would be about $50,000,000 (about
$66 per county resident, or $1225 per barrier island resident).
Whether or not $66 (or $1225) per person would be a good price to
protect a $72,000,000 Investment and a possible $300,000,000 income
(total: about $500 per county resident), must be a local decision,
especially in view of the complexities of who will take the losses,
and who would pay the costs.

The esthetic value of the beach has not been assessed, nor is it
here considered reasonable to attempt to make such an evaluation.
Each individual might well put a different value on the esthetic
characteristics of the coast, especially if it is home. Without
esthetic considerations, however, one can still arrive at numbers
which should be helpful to those who ultimately must make the critical
decisions: whether or not It is worth it to stay and fight back, and
whether or not a policy of gradual withdrawal should be adopted
(perhaps by means of a sliding setback scheme), at least until we know
more about the mechanics of measuring and combatting beach erosion.

The calculation of numbers, such as those reported here, provides
a much better basis for decision than merely observing that the beach
is eroding, without asking seriously to what extent — in terms °f
money and effort — it is worth saving.

.o0o.

(This paper is based on a continuing research program, by Dr. Tanner,
on the causes of beach erosion, and on an economic assessment, by
Mrs. Collins, of possible beach erosion damage to the economy of a
specific area.)
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ADJUSTMENT TO CHANGE IN COASTAL ENVIRONMENTS: THE CASE OF

FLUCTUATING LAKE ERIE HATER LEVELS
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WATERLOO, ONTARIO, CANADA

PREFACE

Academics, resource managers, and citizens have tended to perceive
adjustments to fluctuating Lake Erie water levels In terms of extreme
geophysical events or hazards. Flooding and erosion associated with
fluctuating water levels have been perceived as major problems at high
water levels. Less attention has been paid to problems at low water
levels, although shallow water and receding shorelines have been
recognized as costly at this lake stage. Associated with the focus on
the extreme phases of lake level fluctuation has been a tendency to
adapt and manage on a crisis basis, mainly through the use of the
technological fix. In other words, considerable stress has been placed
upon breakwaters, dykes, groynes, and other control structures rather
than zoning or behavioural responses. In this paper we wish to advance
evidence and argument to support a different conceptual response to
fluctuating Lake Erie water levels. It is believed that the perception
of extreme geophysical events should be replaced by the perception of
fluctuating water levels as a continuous process. The authors advocate
continuous adaptation to the process rather than to hazards or extreme
geophysical events. This perception or model has important management
implications which will be discussed later in this paper. The evidence
upon which the conclusions are based is a content analysis of 13
newspapers published near the Lake Erie shoreline. Seven of these
papers are published in Canada, and six in the United States. The
content analysis examines newspaper articles published in the high water
periods of 1951-1953 and 1972-1974, and the low water period of 1963-
1965.

INTRODUCTION

Purpose

The basic purpose of this paper is to present evidence and
argument for a continuous and comprehensive rather than a periodic
hazard-oriented approach to fluctuating Lake Erie water levels (Fig. 1).
In conclusion, recommendations are made for management.

The Hazard Adjustment Model For Fluctuating Lake Erie Water Levels
(Table 1) displays adjustments theoretically available to, as well as
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TABLE 1

HAZARD ADJUSTMENT MODEL FOR FIUCTUATIHG LACE ERIE HATER LEVELS

(THEORETICAL ANDACTUAL RANGE OF CHOICE OF ADJUSTMENTS)

(A) ADJUST TECHNOLOGICALLY TO HAZARDS (B) ADJUST KHAVIOURALLV TO
HAZARDS

(C) ADJUST TO HAZARD LOSSES

1 MODIFY THE HAZARD II MODIFY THE HAZARD
CAUSE

111 MODIFY THE LOSS
POTENTIAL

IV SPREAD THE LOSS V PLAN FOR THE LOSS VI SEAR THE LOSS

Heather aodlflcatlons

Channelization of lakes

Oioereion of northern
lake* and riven

Control of Great Lakes*
Inflow with existing
•echanlsas (eg. Superior)

Control of Great Lakes'
outflow vlth eilst1»9
•echanlsas (eg. Ontario)

Central of Great Value'
infloa with nvw meohanieme
- reeerooire, dome
- eille, veire
- aqmduoto, oanale,

pipelinee
- ohonnel enlargtswnt

Control of Great Lakee'
autflev with iw

- reeerooire, done
- eilte, voire

Regulation ef existing
diversions

Various support prograas
of Interest groups for
the above

Breakwaters

Flood proofing

Divereiono

Flood fighting

Concrete crosses

Dredging

Seawalls

Groynes

Dykes

Rip-Rap

Gabions

5truotunil ehangee to
doeka and harbeure

landfill and landscaping

Vegetation and
re-vegetation

Beach and cliff
nourishaent

Mechanical drainage
and punplng

Weed-cutting and ehore
clean-up

Ice Jea break-up

Vator eupplemnt by
pvnping

Various loans and
payaents froa senior
goverrcents for the above

Various support prograas
of Interest groups for
the above

Shoreline aggregate indue try
regulation

Zoning and land use regulation

Temporary and pernanent relocation
and evacuation

Subsidized relocation and
evacuation

Building codes and designs

Health codes and regulations

Navigation codes, regulations
and procedures

Deep-uell drou-off regulations

Ship dteign alterations

Public participation and hazard
education prograas

Ship load reetrietione

Hazard research prograas,
public and private

Heather forecasting and
naming systeas

Hydrographlc napping

Changee to industrial
production function

Regulation of eamicipal uater uee

ffualuotton and eeleetion of
alterwtii>« livelihoods

Security nesures

(valuation and oeleotion of
reareation aotivitiee

Various support neasures froa
senior geverrcents for coastal
zone research

Various support prograas of
interest groups for the above

Italic type indicaUe towwater level adjuotnento not found in the actual range of ehoieo of hid* uater level adjmumnte.

Public energency
relief

Tai wite-offs

Subsidized public
Insurance

Private Insurance

Govemaeat purchase
and expropriation
of land and
property

Subsidized teaporery
enptoyaent

Various support
program of Interest
groups for the above

Drought inouranoo,
puMio and private

Flood Insurance,
public and private

Tax write-offs

Relief funds and
program, public
and private

Formation of problca
(hazard) study
9roups, public and
private

Formation of problea
(hazard) adalnlstra-
tlon groups, public
and private

Fometlon of
Interest groups,
public and private

Individual loss
bearing,
individuals and
interest groups
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Modify the

Weather
modification

Channelize the
lake

Diversions

Control inflow
and outflow

TABLE 2

THEORETICAL AND ACTUAL RANGE OF ADJUSTMENTS IN THE TWO STUDY AREAS*

Adjust to losses

Modify Ihe Modify Ihe Spread the Plan for the
hazard loss potential loss loss

Seawalls Flood proofing Public relief Rood insurance
Croynrs Zoning and land Subsidized and relief funds
Dikes use regulation insurance Tax write-offs
Breakers and bars Forecasting Tax write-offs
Rip-rap Warning systems Government
Gabions Temporary and purchase of

land andLandfill and landscaping permanent
Flood fighting evacuation property
Beach nourishment Subsidized
Various loans and relocation

payments from senior Building codes
governments for the above and design

BearIhe
loss

Individual loss
bearing

'Adjustments that have been used in Ihe Pelee-Eost Marsh or Rondeau-Ericau areas (actual range of adjustments) are printed in italics.
source: Adapted with modifications from: T.F. Saarinen, "Environmental Perception," in I.R. Manners and M.W. Mikesell (eds.). Perspectives on Environ

ment. (Washington, D.c: Association of American Geographers, 1974), p. 272. Various issues of the LondonFree Press and Windsor Star, Harwich and
Menea Township Files, and field observations were used in compiling the actual range of adjustments.
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May 1951 -
April 1952 **

November 1972
November 1973

November 1973
November 1975

November 1972
November 1975

TABLE 3

LAKE ERIE SHORELINE FLOOD AND EROSION HAZARD DAMAGES*

North Shore

Ontario
South Shore
Total Michigan Ohio Pennsylvania New York

$ 1,373,000 $39,693,000 $ 7.949.000 $29,677,000 $ 1,493,000 $ 574,000

4,504,000 85,705,000 34,988,000 50,377,000 260,000 120,000

1,728,000 16,443,000 8,125,000 6,972,000 2,000,000 1,340,000

6,232,000 104,142,000 43,113,000 57,309,000 2,260,000 1,460,000

* Total flood and erosion damages to private and public property expressed in 1973 dollars using the
Engineering News-Record Construction Cost Index (3.33 x factor 1952-1973).

** Additional data obtained from articles published in the Toronto Globe and Mall, London Free Press,
and Chatham Daily News.

Table Source: Adopted with modifications from Kreutzwiser, 1977.

Original Canada-Ontario Great Lakes Shore Damage Survey, Technican Report. 1975; Great Lakes Basin
Data Sources: Commission, Great Lakes Basin Framework Study. Appendix 12: Shore Use and Erosion. 1975;

Michigan Department of Natural Resources, Flooding Problems associated with currint high levels
of the Great Lakes, 1973; U.S. Haras, Canada Centre for Inland Maters, Burlington, Personal
Communication, January 7, 1976; R.T. Swist, County of Erie, Buffalo, Personal Communication,
February 27, 1976; Erie Daily Times, March 19, 1973; Toledo Blade, November 17, 1972, April 28.
1973, June 19, 1973. K



those actually employed by Canadian and American resource managers along
the Lake Erie shoreline in the high water periods of 1951-1953 and 1972-
1974, and the low water period of 1963-1965. The term adjustments refers
to alternative structural or technological and behavioural responses to
extreme high and low water levels and to the closely associated
processes of flooding, erosion, shallowing, and deposition. The term
resource managers refers to all decision-makers and includes the
government official, the professional planner, the cottage owner, the
recreationist, the farmer, and the industrialist.

The development of the Model and the results obtained through its
application in this study are rooted in a thorough review of relevant
natural hazard and disaster literature,(1) previous research by the
authors and others on the Lake Erie shoreline (2) and, more importantly,
the content analysis of Canadian and American newspapers. (3)

Background

In 1972-1973, research began in the Department of Geography,
University of Western Ontario, on the history and cost of adjustments
to floods and other processes in the Rondeau-Erieau and Point Pelee-
East Marsh areas (Fig. 2). These areas are located along the Ontario
shoreline near the Rondeau and Point Pelee peninsulas, two of the
largest sand spits jutting into Lake Erie. The peninsulas, and others
such as Long Point, Ontario and Presque Isle, Pennsylvania, are highly
dynamic systems of high beach-dune complexes or sand bars, and low
lying wetlands or marshes. The marshes are quite extensive, occupying
more than 60 percent of the peninsulas at times of high water. Both
marshes and bars owe their character and distribution to the three
basic interrelated processes of erosion, deposition, and water level
fluctuation, all of which have been operating for thousands of years. (4)
The results of the research, first reported in the Canadian Geographer
indicate that dykes, breakwaters, and other structures are chiefly
built to protect agricultural and recreational resources during high
water periods when shoreline flooding and erosion are widely perceived
as serious threats and as hazards. (5) A crisis atmosphere prevails
during the process of adopting adjustments when permanent and seasonal
residents and politicians are called upon to fund traditional
engineering structures as quickly as possible. The types of adjustments
employed in the 1972-1973 high water period in the Rondeau-Erieau and
Point Pelee-East Marsh areas are shown in Table 2. The model presented
here is derived from the one developed by Burton, Kates, Saarinen, White,
and others in the Natural Hazard Research program. (6) The 1972-1973
research stresses that the biophysical processes - water level
fluctuation, flooding, and erosion - tend to persist through time, and
shoreline damages and adjustment costs will increase with the continued
perpetuation of a technological fix (Fig. 1 and Table 3).

The second research stage began as part of a Canada Council
Grant, (7) and involved study of policy, institutions, and perceptual
responses to high water levels, especially in the three peninsula
area - Point Pelee, Rondeau, and Long Point (Fig. 2). (8) This stage
also included preliminary work on a Canada-United States comparison of
Lake Erie south and north shore hazard ecology, shoreline use and
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physiography, and hazard adjustment decision-making (Figs. 2 to 4). As
work progressed in this Three Peninsula Project, participants
increasingly became interested in low water level adjustments because
Lake Erie seemed to be falling in late 1975 (Fig. 1) and the problem of
declining water levels had been encountered in natural hazard related-
literature. (9)

The review of available literature revealed that few academics,
scientists, and managers have considered the low water level situation
carefully. In the general sense, its hazards and adjustments are
largely unperceived or not conceptualized. Thus, neither shallowing
nor deposition carry the emotional load or negative images that both
flooding and erosion do, and little is known about their benefits and
adjustment costs.

Model Building Method

As previously mentioned, the Hazard Adjustment Model For
Fluctuating Lake Erie Water Levels (Table 1) is rooted in the natural
hazard literature, earlier work by the authors, and the more recent
content analysis of newspapers. In fact, it is the interweaving of
these three stems that produced the blueprint for the Model. The
results of hazard research by scientists in geography departments at
the universities of Chicago, Clark, Colorado, and Toronto were
instrumental in guiding participants of the Three Peninsula Project.
This is particularly true in the context of their attempt to summarize
in a high water model the theoretical and actual range of choice of
adjustments in the Point Pelee and Rondeau areas (Table 2). In turn,
the application of the high water adjustment framework guided the
content analysis of articles published in thirteen Canadian and
American newspapers. The selected papers include the Toronto
Globe and Mail, London Free Press, Chatham Daily News, Leamington Post
and Hews, Blenheim Hews Tribune, tfheatly Journal, and Ridgetown
Dominion, all with market areas primarily in southern Ontario, and the
Toledo Blade, Vermilion Photojournal, Madison Press in Ohio, Detroit
Free Press in Michigan, and Erie Daily Times in Pennsylvania.

Results of the first content analysis stage are displayed in
Table 4. The total news coverage on fluctuating water levels and
associated processes during the 1951-1953, 1963-1965, and 1972-1974
study periods is 2,648 and 1,768 articles respectively for the
Canadian and American newspapers. Each of these 4,416 articles display
what is termed a dominant content direction, either a discussion of
biophysical shoreline processes or adjustments. Of particular
importance to this project are those 2,909 articles which describe high
and low water adjustments.

In the second stage of the content analysis method, articles are
classified by adjustment according to decision-making approaches, major
categories, and individual types.
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HAZARD ADJUSTMENT MODEL

The Hazard Adjustment Model for Fluctuating Lake Erie Water Levels
(Table 1) can be interpreted at three levels of generalization:
1) Adjustment Decision-Making Approaches; 2) Adjustment Categories; and
3) Individual Adjustment Types.

Adjustment Decision-Making Approaches

The first level indicates that high and low water hazard adjustments
may be thought of as reflecting three basic decision-making approaches:
Adjust Technologically to Hazards, Adjust Behaviourally to Hazards,
Adjust to Hazard Losses.

Adjust Technologically to Hazards implies that many adjustments
are designed to rearrange or manipulate nature. Adjust Behaviourally
to Hazards implies that many adjustments are designed to rearrange or
alter human behaviour. Adjust to Hazard Losses implies that there are
those adjustments which reflect a loss bearing philosophy, and they are
designed to encourage individuals to accept the losses attendant upon
their situations.

Adjustment Categories

The second level is a more specific ad complex classification of
hazard adjustments. There are six broad a- justment categories:
I Modify the Hazard Cause; II Modify the Hazard; III Modify the Loss
Potential; IV Spread the Loss; V Plan for the Loss; and VI Bear the
Loss. These categories are associated with the three approaches just
described. For example, Modify the Hazard Cause reflects the
structural or technology approach. Modify the Loss Potential reflects
the behavioural approach.

Individual Adjustment Types

The third level refers to more specific adjustment types. Thus,
within each of the six adjustment categories referred to above are such
types as weather modification, breakwaters, zoning and land use
regulation, tax write-offs, flood insurance, and individual loss
bearing. At this level, the Model contains a total of 66 individual
high and low water adjustment types.

Comparison to High Uater Model

In comparison to the 1972-1973 high water adjustment model for the
Rondeau and Point Pelee areas (Table 2), the Model for fluctuating Lake
Erie water levels is more comprehensive in three respects. First, it
contains the theoretical and actual range of choice of adjustments to
both high and low water related-processes along the Lake Erie shoreline.
In this context, 16 adjustment types referred to more frequently in the
low water state are included, for example, diversion of northern lakes
and rivers, structural changes to docks and harbours, ship load
restrictions, and drought insurance. In addition, the new Model
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identifies 19 adjustment types not previously perceived as discrete
adjustments to biophysical processes, such as various support programs
of interest groups for adjustments from the Modify the Hazard Cause,
Modify the Hazard, and Modify the Loss Potential categories. Second,
the new Model considers the adjustment experience along much of the
Canadian and American Lake Erie shoreline as opposed to a consideration
of the 1972-1973 high water adjustments along only the Rondeau-Erieau
and Point Pelee-East Marsh reaches of the Lake Erie north shore.
Third, the new Model makes the nature of the adjustments clearer than
the smaller sample in the 1972-1973 study.

In other words, the content analysis of 13 selected Canadian and
American newspapers during the 1951-1953, 1963-1965, and 1972-1974
study periods produced a perspective on the fluctuating water level
situation not readily obtainable from the earlier high water research.
Several aspects of this perspective could be discussed, for example,
the technological or structural orientation of adjustment decision
making. In this paper, however, the authors wish to stress that
analysis of a large number of newspaper articles reveals that the press
is continually publishing evidence of a strong link between high and
low water situations (Table 4). The link is the regular appearance of
articles on specific high and low water-related adjustments in periods
not normally thought of as requiring or favouring such adjustments.
For example, in the context of major adjustment categories, the 1951-
1953, 1963-1965, and 1972-1974 Canadian and American news coverage is
dominated by articles which discuss adjustments from the Modify the
Hazard Cause and the Modify the Hazard category (Table 5). These two
categories are represented by adjustments in not less than 90 percent
of the Canadian and American newspaper articles in 1951-1953, not less
than 80 percent of the Canadian and American newspaper articles in
1963-1965, and not less than 75 percent of the Canadian and American
newspaper articles in 1972-1974. In contrast, behavioural adjustments
from the Modify the Loss Potential category were referred to in less
than 20 percent of the newspaper articles in these three periods. In
the context of individual adjustment types, the most prominent
adjustments are structural and technological in character. Groynes,
dykes, dredging, and various loans and payments from senior governments
for these structures occur the most frequently in the news coverage
(Table 6).

In sum, the processes of flooding and erosion often are still
problems in some areas even during low water situations which may be
causing shallowing and deposition in some localities. Many adjustments,
therefore, appear to be continuous responses to continuous biophysical
processes, although there is some variation in the degree to which they
occur in different localities.

In conclusion, the focus in earlier research was the high water
level situation. Attention was then shifted to the low water situation
following the pattern suggested by a conceptual approach based on the
notion of hazards or extreme geophysical events. Different adjustment
patterns were expected in the high and low water periods. However, the
major finding of this study is that many of the same adjustments appear
regardless of the water level.
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TABLE 4

TOTAL NEWSPAPER COVERAGE OF FLUCTUATING WATER LEVELS

1951-1953, 1963-1965, 1972-1974

BIOPHYSICAL SHORELINE

PROCESSES (I)

ADJUSTMENT TO BIOPHYSICAL

SHORELINE PROCESSES

TOTAL NUMBER OF ARTICLES

IN EACH PERIOD

Newspapers Newspapers Newspapers

Canadian .American Canadian American Canadian American

ro

o

00

1951-1953
High Water
Period

403 171 584 555 987 726

1963-1965
Low Water
Period

126 43 301 180 427 223

as

1972-1974
High Water
Period

551 213 683 606 1234 819

& TOTALS 1080 427 1568 1341 2648

(I) Articles discussed the causes, the magnitudes, and the effects of water level fluctuations
(high and low), flooding, erosion, shallowing, and deposition.
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TABLE 5

CANADIAN AND AMERICAN HAZARD NEWS COVERAGE

BY MAJOR ADJUSTMENT CATEGORIES

1951-1953, 1963-1965, 1972-1974

MODIFY THE

HAZARD CAUSE

MODIFY THE
HAZARD

MODIFY THE
LOSS POTENTIAL

SPREAD THE
LOSS

PLAN FOR
THE LOSS

BEAR THE

LOSS

TOTAL NUMBER
OF ARTICLES
PER PERIOD

CN AH CN AM 01 AM CN AH CN AN CN AH CN AH

1961-1953
High Water
Period

200 176 329 328 13 11 11 18 29 19 2 3 S84 sss

ro
34.24*

184

61.121

61

31.7U

75

41.66%

S3

56.331

68

22.59*

453

59.091

46

25.55%

418

2.22%

36

11.96%

89

1.98%

33

18.33%

20

1.88%

9

2.99%

35

3.24%

13

7.22%

49

4.96%

4

1.32%

28

3.42%

13

7.22%

62

.34%

17

.54%

301

4 683

vo

1963-1965
Low Mater

Period

180

1972-1974
High Water
Period

606

8.93% 8.741 66.321 68.971 13.03% 3.30% 5.12% 8.08% 4.09% 10.23% 2.48% 1.66%

Total Hunter of
Articles per
Category

44S 304 850 792 138 64 55 80 61 94 19 7 1S68 1341

28.38* 22.66% 54.201 59.06% 8.80% 4.77% 3.50% 5.96% 3.89% 7.00% 1.21% .52%

ID
<t>
a.

CN: Canadian Newspaper Articles

AH: American Newspaper Articles
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1951-1953
High Water
Period

1963-1965
Low Water
Period

1972-1974
High Water
Period

TABLE 6

CAHAOIAN AND AMERICAN HAZARD NEWS COVERAGE

BY HOST PROMINENT ADJUSTMENT TYPES

1951-1953 , I963-196S , 1972-1974 <V

CANADIAN HAZARD NEWS COVERAGE

Control outflow with new mechanisms

Various loans and payments from senior
governments

Groynes

Control of Inflow with existing mechanism

Zoning and land use regulation

Oredglng

Formation of problem (hazard) study groups

Diversion of northern lakes and rivers

Control of inflow with existing mechanisms

Control outflow with new mechanisms

Various loans and payments from senior
governments

Dykes

Government purchase and expropriation of
property

Zoning and land use regulation

Mechanical drainage and pimping

AMERICAN HAZARD NEWS COVERAGE
(i) (4) 13) 14)

127 (21.74%) I Control outflow with new mechanisms 141 (25.40%) I

91 (15.58%) II Various loans and payments from senior
governments

139 (25.04%) II

86 (14.72%) II Various support projects 51 ( 9.16%) It

80 (13.69%) I Dykes 39 ( 7.02%) II

41 ( 7.02%) III Groynes 27 ( 4.86%) II

103 (34.21%) II Dredging 67 (37.22%) II

49 (16.27%) V Formation of problem (hazard) study groups 23 (12.77%) V

35 (11.62%) I Control outflow with new mechanisms IS ( 8.33%) I

19 ( 6.31%) I Beach nourishment 14 ( 7.77%) II

18 ( 5.98%) I Ship load restrictions 10 ( 5.55%) III

241 (35.28%) II Various loans and payments from senior
governments

209 (34.48%) II

117 (17.13%) II Dykes 148 (24.42%) II

69 (10.10%) IV Breakwaters 120 (19.80%) II

38 { 5.56%) III Subsidized public insurance 117 (19.30%) IV

31 ( 4.53%) II Dredging 31 { 5.11*) 11

(I) The five moat prominent adjustment types
(i) Pereentaga of total Canadian Adjustment Seas Coverage
(3) Percentage of Total American Adjustment Seva Coverage
(•t) Adjustment Category



RECOMMENDATIONS

In the authors' opinion this study underlines the need to place
flooding, erosion, shallowing, deposition, and other related coastal
processes in a different perspective than has been the case hitherto in
Lake Erie and other parts of Canada. The tendency has been to think of
these processes as extreme geophysical events or hazards, and to adjust
to them periodically as crises. Yet, flooding, erosion, and
fluctuating water levels are continuous processes which cause similar
problems and bring similar adjustments at many different lake levels.
The differences are partly in kind but largely in degree. An example is
dredging.

What is required, therefore, is a different conceptual basis for
understanding and management. Rise and fall in water levels, flooding,
and erosion, should be thought of as continuous processes which have to
be adjusted to on a regular sustained basis. Continuous study,
surveillance, monitoring, and evaluation of processes, adjustments, and
their economic, social, and biophysical effects are desirable.
Furthermore, because of the need to coordinate the many varied hazard
adjustments and management problems and integrate them with other land
use and coastal concerns a more coordinated form of coastal zone

management is required.

In an earlier study on the effects and significance of the 1972-
1973 Lake Erie floods it was suggested that one alternative for improved
coastal and hazard management might be a Hazard Commission or comparable
body. (10) Such an alternative now seems less desirable than others
mentioned at that time, notably some mechanism or institution for more
comprehensive coastal zone management. Many temporal and spatial
connections exist among hazard adjustments and the regular or normal
programs of concerned government agencies and interest groups. (11)
What is required is a better institutional means of bringing these
together in the unusually dynamic and demanding coastal zone of Lake
Erie, and other comparable shorelines in Canada. The United States'
coastal zone model may be the answer although the legislative or other
bases for such an approach may differ in Canada.

As a final thought, it is hoped that this study has demonstrated
the value of content analysis studies of the reporting of newspapers
and other media. (12)

FOOTNOTES
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