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Foreword

Mike Wiley

Mississippi Department
Bureau of

of Wildlife, Fisheries and Parks
Marine Resources

Biloxi, Mississippi

One of the foremost issues that has received con-
siderable attention in recent years is the likelihood
of an accelerated sea level rise. This issue is of critical
importance to coastal residents, developers, and
coastal managers along the northern Gulf of Mexico
since small rises in sea level can have far-reaching im-
pacts on the region’s generally flat coastal profiles. In
some areas of the Mississippl/Alabama coast, small
rises in sea level could cause a large horizontal
displacement of the apparent shoreline, resulting in
new shoreline formation hundreds of feet inland.

Prior development of many coastal areas has
disrupted natural processes, resulting in increased
shoreline erosion, 1loss of coastal flora and fauna, a8
well as increased exposure to hurricanes, flooding, and
loss of property and life. Continued development in
the coastal zone, coupled with the possibility of
olevated water levels, may serve to only magnify the
consequences of man's activities. Future development
in the coastal zone must take into consideration the
impacts associated with accelerated sea level rise.

It is imperative that decision-makers develop an ap-
propriate management strategy to minimize the ef-
fects sea level rise may have on our fragile coastal
resources. The strategy must include efforts in the
areas of research to monitor sea level changes and
rates of evosion; regulations that address construction
standards and setback zones; and projects that pro-

tect the shareline and slow coastal erosion. Public
education relating to this critical issue is also impor-
tant to the management strategy, because without
public support, management strategies cannot be im-
plemented.

It is within this framework that the Mississippl
Bureau of Marine Resources, along with the
Mississippi-Alabama Sea Grant Consortium,
Mississippi State University Coastal Research and
Extension Center, and the Alabama Department of
Feonomic and Community Affairs, resolved to ex-
amine the present and future trend of sea level along
the Mississippi and Alabama coastlines. A decision
was made to host a conference and invite local, state,
and federal experts to present papers examining the
sea level rise phenomenon.

These proceedings represent the information shared
during the 2-day conference. This is by no means an
exhaustive compilation of information about sea level
trends; however, it does provide a comprehensive over-
view of our current understanding of the issue as it
relates to Mississippi and Alabama. Undoubtedly, the
dominant variable shaping future coastal manage-
ment decisions is the rate of sea level change. Until
this critical variable is known, we must strive to adopt
flexible management plans that incorporate various
scenarios of sea level change as we try to cope with
the dynamies of the coastal zone.
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Welcome and Introductory Remarks

James . Jones, Director
Mississippi-Alabama Sea Grant Consortium
Ocean Springs, Mississippl

1t is both my duty and pleasure to welcome you on
behalf of the Mississippi-Alabama Sea Grant Consor-
tium, a cosponsor of this conterence., About 2 years
ago, Larry Lewis called me to see if our two agencies
could covperate to develop this meeting. 1 am
delighted to now be able to experience the results of
our mutual efforts, and am highly pleased that the
Alabama Department of Economic and Community
Affairs and Mississippi State University have joined
us. It is clear to me that the myriad coastal en-
vironmental problems facing this region and the na-
tion cannot be reselved through individual action by
any single organization. Whatever optimism we may
muster requires that cooperative actions be taken.
This conference is one small step in that direction.

For those of you who wish to know more about Sea
Grant, and even for the rest of you, the Mississippi-
Alabama Sea Grant Consortium is comprised of eight
institutions of higher learning located in the two
states. These include the University of Mississippi,
Mississippi  State University, the University of
Southern Mississippi, and the Gulf Coast Research
Laboratory in Mississippl; and the University of
Alabama, University of Alabama at Birmingham,
Auburn University, and the University of South
Alabama, in Alabama. Thus, Sea Grant has the in-
tellectual resources of eight institutions of higher
learning to draw upon. These institutions, through
Sea Grant, are ideally suited 1o initiate and develop
selected, intensive cooperative research programs of
the dimensions necessary to address the major facets
of coastal change. Sea Grant has the proven in-
frastructure and broad base of experienced academic
researchers and other professionals who comprehend
the magnitude of the problem and who can readily
collaborate in efforts to reduce the impacts on coastal
resources and residents.

Sea Grant is uniquely qualified to organize, develop.
and conduct studies of coastal change. All the
necessary administrative mechanisms are in place,
and equally important, paid for. The availability of
the region’s finest research scientists is assured, and
the mechanisms for public cutreach, education, and
technology transfer are both available and well pro-

ven. The extension of Sea Grant's activities to more
effectively address the most significant problems of
this coastal region is both logical and necessary. No
other governmental or nongovernmental organization
has the documented ability to work as efficiently or
as cost-effectively throughout the required range of
regearch, education, and outreach activities, utilizing
a national network of public and private organiza-
tions, academia, and local, state, and federal agencies.

The coastal oceam is a unigue re gion, which
simultaneously impacts on and is impacted upon by
man. A significant segment of the world’s population
derives its livelihood from this region, while many
others utilize it for recreational and leisure time ac-
tivities, a consequence of the fact that most of our ma-
jor population centers are adjacent to it. The coastal
ocean and its adjacent land area constitute a
homogenous ecosystem. As such, a delicate balance
exists among its many attributes, characteristics, and
resources. As a result of man's ever-increasing re-
quirements, combined with natural processes such as
sea level rise, a very real potential exists to further
disturb and eventually destroy this delicate ecological
balance. In this century, for the first time in human
history, mankind has achieved the ability to impact
very large marine and coastal ecosystems at a level
sufficient to effectively destroy their natural produc-
tivity.

1t has been estimated that within this decade near-
ly 75 percent of the population of this country will live
within 50 miles of the coast. That population level 18
expected to continue increasing rapidly into the next
century and for the foreseeable future. In order to sup-
port that population increase, a wide range of new or
increased facilities, businesses, and industries wiil be
necessary to provide the required services and to con-
tribute to an effective economic/envirenmental
balance. One consequence of this population shift will
be the imcreased destruction of estuarine habitats.
This destruction will degrade both pstuarine water
quality and coastal ground water. Ultimately, signifi-
cant decreases in coastal biological productivity will
result. This continued degradation and destruction of
our coastal and ocean environment, through both



natural and anthropogenic factors, will generate
severe social and economic costs. Many human ac-
tivities create impacts that are severely detrimental
to the coastal economy and injurious to the health and
well being of coastal inhabitants. When combined
with natural factors, such as sea level rise, they may
become compounded many times over, producing ma-
jor environmental and economic dislocations.

The primary factors affecting the coastal ocean en-
vironment are: (1) coastal water quality, (2) wetland
habitat loss, and (3) coastal marine productivity,
Water quality is affected by a variety of industrial,
agricultural and domestic activities, which may be
located on or near the coast or more distantly, in the
heartland of the continent. Innovative processes and
techniques are needed to improve and maintain both
the quality and the quantity of water, to preserve and
restore the integrity of the coastal ecosystem, and to
provide an abundant supply of high quality water for
human and other needs. Sea level rise, whatever its
magnitude, will increase salinities in rivers, bays, and
estuaries; exacerbate salt water inirusion into
aquifers; drown existing stands of highly productive
coastal emergent and submergent vegetation, and
markedly increase coastal erosion and land loss. It is
critical that the timing and magnitude of these events
be determined to the best of our ability to provide
maximum time to prepare for them and ameliorate
their impacts where possible.

Wetland loss is a function not only of natural pro-
cesses such as sea level rise, but also of mans
developmental activities. The coastal wetlands, in
their role as nursery or hatchery areas, are known to
be major contributors to the productivity of the many

marine gpecies that occur there, or that occur there
only during a part of their life cycle. This area,
through its “buffering” capability, also serves a ma-
jor role in lessening the on-shore impact of major
storms.

Many differing approaches and mechanisms are
needed to preserve, enhance, and re-establish the
wetlands in order to maintain the many functions
they perform. The very real potential for their signifi-
cant loss through sea level rise requires even more
concern for those man-induced losses which may be
reversible or lessened. While there is relatively little
that can be done to impact the “natural” process of
sea level rise we can concentrate our efforts on those
aspects upon which we can impact.

This conference represents our best effort to bring
together in a single forum the principal scientists,
managers, legislators, administrators, private sector
professionals, and concerned citizens who have respon-
sibilities or concerns regarding sea level rise and its
effects upon this region. We hope that through this
mechanism you will define the scope of the problem,
as it relates to our coastal area, and recommend
ameliorative or other actions, which will lessen the
economic, social, and environmental impacts of this
process. This is a daunting challenge, but one that
must be accepted for the benefit of all of us. The par-
ticipants in this seminar have the knowledge, ex-
perience, and capability to educate the rest of us. You,
with your peers, can uniquely develop the definitive
recommendations for those actions that will allow us
to plan for and limit, to the best of our ability, the
negative effects of sea level rise. Good luck and
Godspeed in this critical endeavor.




Public Trust Tidelands
Issues in Mississippi

The Honorable Dick Molpus
Mississippi Secretary of State
Jackson, Mississippi

Good morning. It is a pleasure to be here this morn-
ing to talk with you about a subject that is extremely
important to me—public trust tidelands issues in
Mississippi. It is not often that I have the opportuni-
ty to discuss tidelands issues with a group that is s0
concerned and knowledgeable about the subject.

There is a tendency for people in public office to deal
with the problem that is facing them that afternoon,
or if they want to consider long-range planning, the
problem they may face next week. So I'm delighted
to be with who would come and deal with a problem
that is going to occur over the next several decades.
It is reassuring to me that we have public officials and
public servants with that type vision.

Before I discuss the more hotly debated and litigated
public trust issues, I'1 let the cat out of the bag and
tell you that in Mississippi, rising sea levels increase
public trust ownership. This is one area that appears
to be viewed harmeniously by our supreme court and
our legislature. T'll explain further when [ return to
this issue later in my remarks.

First, perhaps a little history of the tidelands ques-
tion in this state would be helpful to those of you
whose expertise is in other areas, be it coastal
management, geology, 1aw, or port development. Two
and a half years ago, in February 1988, the U.s.
Supreme Court affirmed the Mississippi Supreme
Court’s unanimous decision of 1986 that the State of
Mississippi owns in trust for the public, and has owned
since statehood in 1817, all lands subject to the ebb
and flow of the tide, up to the line of mean high tide
and regardless of the navigahility of the waters over
them. This state court decision is referred to as the
Bambini case. Following the 1988 U.S. Supreme Court
affirmation of Bambini, 1 appointed a Blue Ribbon
Commission of coast residents to address tidelands
jssues, We also opened a coast office and staffed it with
an attorney to provide local assistance to coast citizens
and officials.

The Comwmission studied five areas of tidelands con-
cerns: the boundary question, conservation and
development, lease program managermnent, littoral and
riparian rights, and taxation. They met over a period
of 6 months in open meetings in each of the coast

counties. Every meeting was advertised to the public
and the media, and at every meeting, every citizen
who wished to speak was heard. Some members of the
public never missed a meeting, whether it was held
in Pascagoula, Bay St. Louis, or places in between.

The Commission faced the tears of woman who
couldn't hold them back when she understoed her pro-
perty wouldn't be affected. The Commission also
heard the threat of a man who said he'd die before hed
pay a penny. As you can tell, some of the meetings
became pretty emotional. Law enforcement officers
were called 1n at one crowded meeting in Bay St.
Louis; one Commission member had to be escorted to
the bathroom by a policeman. The weather didn’t
cooperate either; ceveral times meetings were can-
celled because of hurricane warnings. 1 hope it's a sign
of the wisdom of the Commission's recommendations
that we've had no threat of hurricanes in the 2 years
since that time.

In any event, the Commission ditigently continued
to meet and study. Within 6 months, their recommen-
dations concerning each of the five areas of serutiny
were compiled into & comprehensive report, which I
adopted in its entirety and made available to the
Legislature when it convened in January 1989.

The Legislature studied the tidelands subject, and
passed a bill during that 1989 session which respon-
sibly incorporated most of the Commission’s recom:
mendations. Even those legislative hearings had some
tense moments, | remember being called arrogant for
seeking legislative resolution to the issue by a
respected lawyer who said that only the judiciary
could decide the matter. He had represented the los-
ing party in the Bambini case. I would have thought
he understood the judiciary had decided the matter.

Bul to return to the Tidelands Act, which was even-
tually passed: it included a direction to the Secretary
of State to prepare a preliminary map of public trust
tidelands. The Tidelands Act directed me to depict the
boundary on the preliminary maps, “gs the current
mean high water line where shareline is undeveloped”
However, (and this is what I was referring to when |
said the Legislature took most of the Commission’s
suggestions) the Legislature departed from Commis-




sion recommendations concerning the boundary in
developed or filled areas. The Commission had advis-
ed that the boundary be fixed at the mean high water
line immediately prior to the time of development or
filling. But, the Tidelands Act provides that “in
developed areas or where there have been en-
croachments,” the maps “shall depict the boundary as
the determinable mean high water line nearest the
effective date of the Coastal Wetlands Protection Act”
which was in 1973. The result of this provision is, of
course, to grandfather all filled tidelands, regardless
of whether the fill was authorized, as long as the fill-
ing was accomplished prior to 1973. After publication
of the preliminary map, the Tidelands Act calls for
a 60-day comment period, after which the Secretary
of State can in his discretion revise the maps “accor-
dingly” and publish fina)l maps.

Immediately after that 1989 legislative session, I
filed suit in Jackson for a declaratory judgment that
the portion of the Tidelands Act, which I just quoted,
violates our state constitution by making a gift, a
donation, of public lands. But during the legislative
session, a suit had been filed here in Harrison Coun-
ty to confirm title to a parcel of filled property south
of the seawall in Biloxi. Many of you may be familiar
with the Bill Byrd Honda suit, as it is known locally.
After the enactment of the Tidelands Act, the Byrd
suit was amended to seek declaratory judgment of the
constitutional issue. The Hinds County suit has been
held in abeyance while the issue is decided in the local
suit.

As many of you know, the Chancery Court in Biloxi
has declared the Tidelands Act constitutional, has
said it does not amount to a donation, has even said
that at Eastertime when the case was heard, we
“should heed the admonition of those who advocate
forgiveness.” We have appealed that judgment to the
Mississippi Supreme Court. The Bambini decision
clearly held that “lands brought within the ebb and
flow of the tide by avulsion or by artificial or non-
natural means” are not a part of the trust tidelands.
We are firmly convinced that while the Bambini court
didn't specifically say so, the converse is also true, that
lands removed from tidal influence by filling remain
public trust lands. [ agree with the Commission’s find-
ing. Tt is my belief as trustee that what is public
should remain public and the historical line should
be used in determining the boundary. We look forward
to the Supreme Court’s resolution of this issue. We
believe it will conform with its earlier decision in the
Bambini case.

The preliminary maps called for by the Tidelands
Act have been published. They show 20 areas in the
three coast counties that are filled tidelands, areas
that were once suhbject to the ebb and flow of the tide,
but which are now high and dry because of the fill
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material which was placed upon them. The maps in-
dicate that artificially created or re-nourished beaches
below the varicus seawalls are public trust lands. The
maps also show where dredging has expanded tidal
influence; trust ownership in these areas is dis-
claimed, in conformance with the Bambini decision.
With a relatively minor exceptions, in all other areas,
the current mean high water line is designated the
boundary between public trust tidelands and private-
ly owned lands. I read in the Clarion Ledger the day
after the maps were published that | was a com-
munist. Mr. Joe Baricev said the state coming and
taking land away is just like communism. What is it
called when an individual preempts the publics right
to its own property?

The 60-day comment period has run; our tidelands
office has received and reviewed about 85 comments.
The tidelands office has also ceased to hear on a
regular basis from several vocal citizens who have
learned they will not be affected after all. Publication
of the final map, however, has been enjoined pending
resolution of the Bill Byrd appeal We won't know un-
til then whether the filled areas remain trust property
or are donated to their current occupants.

Most of the acreage involved in the 20 areas was
developed pursuant to statutory authority and will be
exempt from the requirement of a lease regardless of
the outcome of the current litigation. These areas in-
clude the public ports in the coast communities, the
area occupied by Ingalls in Jackson County and
several county industrial parks.

We have told private occupants in the nonexempt
areas who have approached us that we will work with
them during the pendency of the Byrd appeal. If an
occupant needs financing, but cannot obtain it
because of the uncertainty regarding title to the pro-
perty, we will enter a long-term lease with him which
would guarantee his right to occupy the property, but
which would be canceled in the event we receive an
unfavorable ruling from the Court.

Related to boundary issues is our very successful
program for expedited boundary determinations for
properties outside the 20 contested areas: they can
apply to our office for a letter verifying that the public
trust boundary is the current mean high water line.
If the property borders tidal waters that were created
by dredging, our letter will state that the property is
not affected by public trust tidelands considerations.
Because this letter is relied upon by financial institu-
tions and title insurance companies, the sale and im-
provement of these properties proceeds smoothly. To
date, we have issued boundary letters for more than
100 properties. We feel we have a very good relation-
ship with coast realtors and real estate lawyers who
have utilized this service.

Additionally, we have in place a leasing program for




tidelands and submerged lands that last year pro-
duced revenues in excess of $43,000. As we expand
our lease program to include nonexempt occupants in
uncontested areas, we expect the amount of those
revenues to increase. More than half the funds col-
lected during the past fiscal year for tidelands and
submerged lands leases, about $29,000, was presented
in a check we sent to the Bureau of Marine Resources
last month. Pursuant to the statutory mandate of the
Tidelands Act, which incorporated the suggestions of
the Blue Ribbon Commission, these funds are to be
used by the BMR for new and extra programs of
tidelands management, such as conservation, reclam-
ation, preservation, acquisition, education, or the
enhancement of public access to the public trust
tidelands, or for public improvement projects relative
to tidelands. We can't undo what has been done but
we can initiate programs and policies that will guard
against future destruction and degradation.

Returning finally to the question that is the topic
of this conference, (that is, the implications of sea level
changes for the Mississippi and Alabama coastlines),
as | stated earlier, rising sea jevels increase the area
subject to the trust in Mississippi. In the Bambini
decision, the Mississippi Court specifically addressed
rising sea levels: “The geophysical tidal experience
may enlarge trust properties. If over decades, epochs
or even centuries the tides rise — that is, the mean
high water mark rises (and there i8 reason to believe
this has happened and may continue to happen)—the
inward reach of the tidal influence expands. .. .The
new tidelands so affected accrete to the trust” Our
legislature agreed with this position when it enacted
the 1989 tidelands bill, which sets out that, “the state
recognizes that the boundary of the public trust
tidelands is ambulatory and that the natural inland
expansion of tide water over land not previously sub-
ject to the ebb and flow of the tide increases the land
subject to the public trust”’

The answer, then, is simple. In its practical and
technical and legal implementation, however, I'm sure
it will not be. I believe that throughout the rest of the
day, and tomorrow, you will gain insight into the
issues we face and sharpen the tools you need to meet
the challenges presented by these issues.

This brings me to my final point and 1 hope you don't
mind me expanding the focus here to take a brief lock

at the big picture. Today we are facing enormous
pressures not only on the public trust tidelands, but
also on all of these fragile wetland ecosystems. We
read about our increasing coastal populations, the in-
creasing amounts of marine trash and pollution, oil
spills, loss of wetlands, dredging and filling, over-
fishing, and now, with the Persian Gulf crisis, increas-
ing pressures to return to the old days of unrestrained
oil and gas exploration, drilling and canal dredging
associated with those operations. We read about the
drying up of the everglades in Florida and the loss
of wetlands at staggering rates in Louisiana.

Wetlands managers feel the pressures, too, Because
of these pressures we are surely standing at a
crossroads - all of us, academicians, marine biologists,
scientists, land managers, water resources Managers,
conservationists, sports enthusiasts, businessmen,
and politicians. We stand at this crossroads and we
must make decisions which will affect the course of
these ecosystems today and for hundreds of years in
the future, We can choose to stand up to those seek-
ing short-term objectives and profits; stand up te those
who would have us diminish these lands; or we can
give in and watch as the wetlands slowly disappear.

All of you know what I'm talking about too. All of
you have felt the pressures in your positions as
managers, protectors, and even scientists, Some of the
pressures have been subtle and some not 50 subtle.
In my role as trustee of the public trust tidelands, I
have been accused of single-handedly destroying the
economy of the Mississippi Gulf Coast and certainly
the real estate market, despite the fact that profes-
sionals in the legal and banking community knew of
{he tidelands issue for decades. Those of you charged
with enforcing the various regulatory laws have been
asked to look the other way at an illegal catch or an
obvious pollution or marine trash violation. The scien-
tists have been asked to ignore test results on occa-
gion, just for this one permit or just for this one
industry. The compound result of all of these seem-
ingly insignificant or one-time relaxations of rules
and standards will doom these lands for all time and
our gift to our children will diminished.

You are the front line. You fight for generations yet
unborn. You have a sorsetimes thankless job. But you
are the only hope for the future. Stay committed. Stay
strong. Godspeed to youL.



Responding to Global Warming
Along the U.S. Coast

Jim Titus
U.S. Environmental Protection Agency
Washington, DC

Introduction

The process of responding to accelerated sea level
rise in the United States is well underway, at least
for a phenomenon that is not expected for several
decades. Over the last 7 years, almost all of the coastal
states have held at least one major conference on the
subject, and a few of them have altered coastal
development policies to accommodate a future rise.
Public officials are generally familiar with the issue,
as are representatives of the press, nongovernmental
organizations, and coastal investors. The federal
government has conducted assessments of possible na-
tionwide responses, as well as implications for specific
types of decisions such as the design of coastal
drainage systems, maintaining recreational beaches,
and protecting coastal wetlands. In Mississippi, the
Secretary of State and legal scholars are clearly aware
that a recent law governing the public trust lands may
unconstitutionally give away far more land than was
originally intended, if sea level rises as expected.

This paper examines possible responses to sea level
rise in the United States, partly because the author
has limited knowledge about the situation in
Mississippi and partly because those who know what
is happening there may benefit from a consideration
of how the problem plays nationally. Because the most
important question is what we should actually do in
response to rising sea level, we focus primarily on the
planning and engineering strategies that will deter-
mine how activities on the coast eventually change.

Future Responses:
Shoreline Retreat and Flooding

The most important responses to sea level rise in
the United States can be broadly classified as
responses to shoreline retreat, increased flooding, and
saltwater intrusion. In each case, the fundamental
question is whether to retreat or hold back the sea.

Shoreline retreat has received by far the greatest
attention; nevertheless, because flooding involves the
same strategic questions, we combine the discussion.
Because there is a general consensus in the United

States to “let nature take its course” in national parks
and other undeveloped areas, we examine only
developed areas. We divide our discussion of this im.-
pact into two parts: barrier islands and the open coast,
and sheltered areas. We conclude the section by
discussing when action is likely to be necessary.

Barrier Islands and the Open Coast

QOceanfront communities could respond to sea level
rise protecting developed areas with dikes, pumping
sand onto the beach and other low areas, or retreating
from the shore. Along mainland beaches, the latter
option generally implies no coastal protection; in bar-
rier islands, however, it would also be possible to
engineer a landward retreat of the entire island,
creating new land on the bayside to offset that lost
to oceanside erosion. The four options are illustrated
in Figure 1.

To get a rough understanding of the relative costs
of these options, we examined Long Beach Island, a
long, narrow barrier island developed with single-
family homes and one and two-story businesses (see
Figure 2). Table 1 illustrates the costs of the four op-
tions for a rise in sea level between 30 and 240 cm.
For a rise greater than 50 em, any of the protection
options would be less expensive than allowing the sea
to reclaim the valuable resort property. Although sur-
rounding the entire island with a dike would be less
expensive than raising the island, it would be
culturally unacceptable because it would interfere
with access to the beach and people would lose views
of the bay.

Engineering a retreat would also be much less ex-
pensive than raising the island in place, because the
latter option would require more {and higher quali-
ty) sand. However, this option would be vigorously op-
posed by the oceanfront owners who would have to
move their houses to the bay side, as well as bayfront
owners who might lose their access to the water.
Moreover, filling new bayside land would disrupt back-
bay ecosystems unless the estuary was also allowed
to migrate landward onto the mainland (which we
discuss later). As Table 2 shows, island raising would



Figure 1. Response to sea level rise for developed bar-
rier islande.

cost less than $600 per house per year until after sea
Jevel had risen more than 60 cm, which would be less
{han the rent for one week. Thus, we suspect that the
more expensive but less disruptive approach of pum-
ping sand onto beaches and the low bay sides of bar-
rer islands would be the most commonplace, at least
in the beginning.

Table 3 compares the ability of the four options to
gatisfy various desirable criteria. (Most of the ra-
tionale for this table is found in Titus, 1991). An im-
portant lesson from the Long Beach Island study is
that the least expensive solutions are not always the
moset likely; dikes are culturally unacceptable and an
engineered retreat is administratively difficult.
Nevertheless, the noneconomic criteria should not
always outweigh economics.

Leatherman (1989) estimated the quantity of sand
necessary to hold back the sea for every coastal state
but Alaska, and estimated the cost assuming that
sand does not become more expensive. Titus et al.
(1991) adjusted those cost estimates on the assump-
tion that as least-cost supplies are exhausted, it will
be necessary to go farther out to 52 for suitable sand.
Table 4 illustrates the resuiting estimates of dredg-

ing costs for current trends and rises in sea level of
50, 100, and 200 cm. Titus et al. also estimated the
cost of elevating buildings and utilities as sea level
rises.

These calculations are only rough estimates.
Leatherman probably underestimated total sand re-
guirements by assuming that, beaches would only be
designed for a one-year storm; designing them for a
100-year storm would increase the cost hy 50-100 per-
cent. Moreover, Titus et al. ignored the cost of
elevating multifamily buildings and sea level rise
would be factored into routine reconstruction of water
and sewer lines at no incrementa} cost. On the other
hand, our calculations assume that all developed
areas will be protected. Although thisisa reasonable
assumption for Long Beach Island and similar areas,
it would be less expensive to abandon more lightly
developed islands. Moreover, a number of states have
already required construction to be set back from the
ghore a few hundred meters, suggesting that no pro-
tection would be required for the first 50 cm of sea
level rise.

Sheltered Waters

Americans' affinity for peaches and concern for the
environment have created a strong constituency

Table 1, Cost of sea level rige for four alternative op-
tions at Long Beach Island, NJ (millions of $U.8.).

Sen Total Cost
Level
Rise Dike with Raise Island No
{em) Beach Island Retreat Protection
30 52 105 41 55
60 434 285 108 462
90 509 522 178 B843
120 584 786 247 1,548
150 652 1,048 308 1,740
180 T3 1,310 a7t 1,932
210 B9 1.574 431 total loas
240 8B4 1,835 492 total loss
Incremental Cost
Sea Dike With
Level Beach:
Risg ——— Raise Island No
{cm) Dike Sand 1sl and Helreat Protection
30 0 52 105 41 55
60 330 52 180 68 407
90 0 75 237 68 381
120 o} Fis} 264 69 705
150 0 103 262 81 19¢
180 Q 103 262 61 total loss
210 o) 110 262 61 total loss

240 0 110 258 61 total foss
Source: Wegge! et al. (1989% Dike Cost Yohe (1989 No Protection
Source: Titus (1980}
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Figure 2. Long Beach Island, New York.



Table 2. Evolution over time of the relative costs of retreat Island raising, Long

Beach Island, Nd.

Years it Cost (millions) Cost ($/yr/house)
Sea level will take —_— —_—_—
above 1886 sea to rise Retreat Raise Retreat Raise
{cm) Year* 15 centimters island Istand
15 2013 18 20 57 77 219

a0 2031 14 34 85 168 420

45 2045 12 a4 a5 1926 548

640 2057 11 34 110 214 692

15 2068 10 34 127 235 a73

ad 2078 9 34 132 261 1,015

105 2087 9 34 132 261 1,015
120 2096 8 34 132 294 1,142
135 2112 7 30 132 296 1,305
150 2126 6.5 30 132 319 1,406
165 2139 -] 30 132 346 1,523

* Aaguming global sea level rices one meter by the year 2100.

NOTE: All costs assume that until the particular year,

rise by raising the island in place.
Source: Titus (1990)

against holding back the sea with dikes and seawalls,
counterbalancing the natural tendency of all lan-
downers to protect their property. Along the open
coast, both interests can be accommodated, because
beach nourishment protects property by maintaining
the natural shoreline. Along sheltered waters, how-
ever, the prospects for avoiding a conflict are not as
great. As Figure 3 shows, the protecting of property
with dikes and bulkheads would prevent wetlands
. from migrating inland and could eventually result in
their complete loss in some places.

In a recent EPA report to Congress on the implica-
tions of global warming, Park et al. (1989) examined
the potential loss of wetlands and dry land for a sam-
ple of 46 sites comprising 10 percent of the U.S. coastal
zone, for three alternative responses. no protection,

‘Fable 3. Ability of alternative responses to satisfy desirable criteria,

the community has respanded to sea level

protecting areas that are densely developed today with
dikes and bulkheads, and protecting all shores. For
each site, Weggel et al. ( 1980} estimated the cost of
protecting developed areas from a Z-meter rise. Titus
et al. {1991) used cost functions suggested by Wegpel
et al. and estimates of inundated land from Park et
al. to interpolate the cost estimates, and developed
confidence intervals for the estimates of lost land.
Table 4 illustrates the nationwide results (the source
studies provide regional detail). For a one-meter rise,
the cost of protecting the most densely developed 1,00
square miles of coastal lowlands would work out t«
$3,000 per acre per year, which would generally war
rant protection. However, such protection would in
crease the loss of wetlands by 300-500 square miles
and reduce the area of shallow water for submerget

Long Beach Island, NJ (apsuming one-r

rise by 2100). S
Policy
N —
Rise Engineered ___Abandomment
Criteria Dikes Islands Retreat Forced Unplann¢
Social Cost
Cumulative (§ millions) 584 786 247 1,548 1,548
Present Value {$ miftions, 3%) 115 130 46 170 170
Environmentally acceptable Ne Usually Usually Yes Yes
Culturally acceptable No Yes Yes No Mayhbe
Legal Yes Yes Maybe Maybe Yes
Constitutional Yes Yes Yes Maybe Yes
Institutionally feasible Yeu Yes Maybe Mayhe Yes
Performs under uncertainty Poor Good Good Good Good
Immmune to backsliding Yes Mostly Somewhat No Mostly
Source: Titus (1990}
9




5000 YEARS AGO TODAY
¥ __ cumAEiNT
SEA LEVEL SEA LEVEL
SEDMENTATION AN WGy PART
PEAT FORMA TION SEA LEVIEEL
FUTURE
—
COMPLETE WETLAND LOSS WHERE HOUSE ($ PROTECTED
SUBSTANTIAL WETLANO LOSS WHENE THERE I8 VACANT UPLAND IN RESFOMSE TO RISE IW SEA LEVE(

FUTURE
SEA LEVEL

CURRENT
SEA LEYEL

- PEAT ACCUMULATION Figure 3. Evolution of a marsh as sea level riges (Titus, 1988},

vegetation by another 500-700 square miles, Moreover, (Titus 1991). The first two apply only to undeveloped

many vacant areas are being rapidly developed. If all areas: prohibiting development and purchasing
areas must be protected, the additional loss of coastal lowlands. The next three involve deing nothing
wetlands would be 1,800-2,700 square miles, and today and purchasing land and structures when -
another 3,000-7,000 square miles of shallow waters undation is imminent; forcing pecple to move onat
would be lost. when inundation is imminent; or hoping that protec-

The political process will have to decide whether to tion will prove to be uneconomic. The final two op-
abandon coastal lowlands to protect the environment. tions, which we call “presumed mobility,” allow people
To help the necessary discussions get underway, we to use their property as they choose, but on the condi-
are circulating a draft that investigates seven options tion that they will eventually abanden it if and when
for enabling coastal wetlands to migrate landward sea level rise threatens it with inundation; presumed

Tabie 4. Nationwide impact of sea level rise an the United States (billions of dollars unless otherwise stated).

Baseline 50 cm 100 em 200 cmm
If No Shores Are Protected
Dryland Lest (sq mi N.C. 3,315.7,311 5,123-10,330 8,191-15,394
Wetlands Losi (%) N.L. 17-43 26-66 29-76
If Developed Areas Are Protected
Dryland Lost (sq mi} 1,470-4, 686 2,200-8,100 4,100-9,200 6,400-13,500
Wetlands Lost (%) 9.25 20-45 2269 33-80
Value of Loat Land 52-130 86.212 112-297
Wetlands 5-43 1182 17-128 19-144
Undeveloped Land 6-19 13-4 21-71 29.121
Land for Dikes 1647 8-33 1448 22.74
Cost of Coastal Defense 55-123 143.305 402645
Open Coast;
Sand 4 15.81 27-146 59.284
Elevate Structures 0 29.36 62-170 257.316
Sheitered Shores
Dike Construction 0 513 11-33 301
Total Cost of Inundation and Erpsion 2051 128.232 270475 576-880
If AH Shores Are Protected
Wetlanda Lost (%) N.C. 38-81 50.82 66-30

Source: Titun et al. 1991
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mobility could be implemented whether by prohibit-
ing construction of bulkheads and dikes, or by con-
verting property ownership to long-term or condi-
tional leases that expire when sea level rises a par-
ticular amount.

Table 5 summarizes our assessment of each option
to satisfy various desirable criteria, including low
social cost, low cost 1o taxpayers, performance under
uncertainty, equity, constitutionality, political
feasibility, and the risk of backsliding. Unlike the
table for barrier islands, we omit environmental
criteria because these options are each designed to
achieve roughly the same lavel of environmental pro-
tection.

Our overall assessment is that presumed robility
would be the best general approach. A general pro-
hibition of development would probably violate the
takings clause of the Bill of Rights; buying 20,000 ko’
of land would be expensive, and in any event, these
options only apply to areas that have not, yet been
developed. Doing nothing today seems unlikely to pro-
tect wetlands because: (a) purchasing property inthe
future would be even more expensive if it is developed;
(b} forcing people to move out of their homes would
be politically impossible if they are willing to tax
themselves to pay for the necessary protection; and
(c) economics alone are unlikely to motivate peocple
to abandon developed areas.

One of the most overlocked but important criteria
is performance under uncertainty. No one knows how
much sea level will rise in the future; only rough
estimates are available. Thus policies likely to suc-
ceed for a rise anywhere between 0 and 3 m should
be preferred over those that might be superior for a
particular scenario but fail should other scenarios un-
fold. For this criteria, the approach of presumed
mobility is clearly superior: ecosystems will be pro-
tected no matter how much sea level rises; real estate
markets will be able to efficiently incorperate new in-
formation on sea level trends; and if the sea does not
rise significantly, the policy costs nothing. By contrast,
buying coastal Yowlands or prohibiting development
requires policy makers to draw a (disputable} line on
a map above which the policy does not apply. If sea
Jevel rises more than assumed, ecosystems will even-
tually be lost; if it rises less, society will have un-
necessarily forfeited the use of valuable coastal land.

When Will A Response Be Necessary?

A recent study by the National Research Council
(Dean et al., 198T) concluded that because dikes can
be erected in a relatively short period of time, no ac-
tion is necessary today. This argument also applies
for beach nourishment on the open coast. However, our
analysis of wetland protection options suggests that
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these measures are likely to be effective only if they
are implemented several decades in advance; people
would need several decades to depreciate structures
and become accustomed to the idea that property
must be abandoned to the sea to pratect the en-
vironment.

A number of planning mechanisms are in place
along the ocean coast to foster a retreat. North
Carolina and a number of other states reguire houses
to be set a few hundred meters back from the beach,
and prohibit hard engineering structures along the
beach. South Carolina prohibits reconstruction of
storm-damaged property if it is toc close to the shore.

Along wetland shores, however, only Maine has im-
plemented planning measures to allow ecosystems to
migrate inland. That state has explicitly incorporated
presumed mobility inta its development regulations,
which state that structures are presumed to be
moveable; in the case of apartments that are clearly
not moveable, the regulations state that if the
buildings would block the landward migration of
wetlands and dunes resulting from a one-meter rise
in sea level, the developer must supply the state with
a demolition plan. Although other states require con-
struction to be set back somewhat from the wetlands,
the setbacks are small compared with the inland
migration of wetlands that would accompany a oné-
meter rise in sea level.

Future Responses:
Mississippi Delta

Louigiana is currently losing more than 100 square
kilometers of land per year because human activities
are thwarting the processes that once enabled the
Mississippi Delta to expand into the Gulf of Mexico.
For thousands of years, the annual river flooding
would deposit enough sediment to enable the delta
to more than keep pace with sea level rise and its own
tendency to subside. In the last century, however, the
federal government has built dikes along the river and
sealed off “distributaries” to prevent flooding and
maintain a sufficiently rapid river flow to prevent
sedimentation in the shipping lanes. As a result, sedi-
ment and nutrients from the river no longer reach
most of the wetlands and they are being rapidly
submerged. Moreover, with flows in distributaries cut
off, saltwater is penetrating inland, converting cypress
swamps to open watey lakes and otherwise disrupting
wetlands. 1f sea level rise accelerates, the already-
rapid disintegration of coastal Louisiana would follow.

As with other coastal areas, dikes and abandonment
are both possible. However, there is a general consen-
sus that these options should be avoided if possible
because in either event, most of the delta's wetlands




(T661) 9nIL], ‘avanog

SAINIIYE 8aINONIE Jo
L[ayrun Jo anpa anfea |enpraax
Arap ey LE) sag say 3 8 [ewandy [enprsas + pus] pud] Jo 4] > % PUR] JO g1 > dauBe] -y,
BAUNOTIYS
jo an[ea an[eA speayRIng
Aoy poon Afreneny Alqeqozyg sax #ax Pandy  [enpises + puv]  puwpjo pr> awoN °N 9
AMrqol peurnsaay
(DY L0M EXLIOU08
it FANonG PaIMMLIE puw fjuatuara
;o] poon Y8 EC) 8 FHatas() Bay areyq puwe pue] PUR] Jo 9T Aoy ue Ly g
Al9qI7 #AINIINIE Ealnionie pue BAINIITLIE 1a|] ﬂzm
Arap Llig 4% B3x oN eay e g puw puwr] PREL JO %1 > pud puwe Ang v
Iaye]
Llaqy BATIONNG falnjaniye pue e aidoad
fap L | MRqnog aqlew sdogiag Sax imq pue pueg PuEf ja 31> auou BP0 ¢
HORoY 13ja(]
Mm[wA 38R Jo
%1 > + Wmimary WnTWa g PUBT (E)8800)
Alqraeog SUDN f2x sax BA X ON 1004 PUw] aatjemaadg aanenaadg ing 'z
an[ea ageq o
%1 > +wmmary O yuawrdopasay]
A1quaeog JUON oN oN w2y ON Toog pawg asrenoadg AU NqIYoag ‘1
Buppyexong  Aymquwaj  ajquymby [FUOPINSTO])  SIMMOUODR  [dadr] Bag Lamepgg IanEmMIny anma juasaad orqnd oy Lomoy
Jo ﬂﬂa H-On.:o& 'hu-.—_.a -Sﬁ: ioﬂsm EU

aFpu()] soTemaopiey

(1 [2a2] vom on '#4)

o) eog

Podopadp wasq 184 J0u JawY Iy vears euyIaIOs (anjaT Buponoad 10) sagBarenss sapeuisyy g qel



would be lost, and those wetlands support 50 percent
of the nation’s shellfish and 25 percent of its fish catch.
Thus, federal and state officials are focusing primarily
on options to restore natural processes, which would
enable at least a large fraction of the delta to survive
even an accelerated rise n sea ievel. The U.S. Con-
gress has authorized a number of projects to divert
freshwater and sediment to wetlands by effectively
cutting holes in the dikes. Under current policies,
however, only a small fraction of the river water is
Iikely to be diverted by such projects to avoid silta-
tion of shipping lanes.

In the long run, protecting Louisiana’s wetlands
would reguire people to allow the vast majority of the
river's discharge to reach the wetlands. This would be
possible if navigation was separated from the
streamflow of the river. One way to do this would be
to construct a series of canals with locks between New
Orleans and the Gulf of Mexico, and completely
restore the natural flow of water to the delta below
the canal. Unfortunately, requiring ships to pass
through locks would hurt the economic viability of the
Port of New Orleans. Another option would be to build
a new deep-water port 10-20 miles to the east.

Perhaps the far-reaching respense, one that has been
advocated by the state’s Secretary for Environmental
Protection, would be to allow the river o change
course and flow down the Atchafalaya River. Without
a §1 billion river control structure, the river would
already have done so. Although from the purely en-
vironmental perspective, this option is most appeal-
ing, it would further accelerate the Joss of wetlands
in 1the eastern part of the state, and enable saltwater
to back up to New Orleans, requiring the city to find
a new water supply.

It is somewhat ironic that human activities de-
signed to prevent flooding may leave the entire area
permanently helow sea level in the long run. There
may be a lesson for Bangladesh and other nations who
are considering flood-protection dikes to protect land
from surges in river levels: build dikes around a few
cities, but make sure the river is still able to flood
enough areas for the flow of water to slow sufficient-
ly to deposit sediment onto farmland and wetlands,
rather than being washed out to sea, where it will
benefit no one.

Future Responses:
Saltwater Intrusion

Responses to saltwater intrusion, like shoreline
retreat and flooding, can either involve holding back
the sea or adapting to a landward encroachment.

13

Preventing Salinity Increases

Figures 4 and § illustrate why sea level rise in-
creases the salinity of estuaries and aguifers, respec-
tively. In the former case, a rise in sea level increases
the cross-sectional area of the estuary, slowing the
average flow of water to the sea, the major process that
keeps the estuary from having the same salinity as
the ocean. Assuming that the tides continue to carry
the same amount of water and that mixing stays con-
stant, salinity will increase because the force of
freshwater is reduced while the saltwater force is in-
creased. Mareover, if the bay becomes wider, the tidal
exchange of water will increase, further increasing the
freshwater force. (Because it is difficult to graphical-
1y represent the previous explanation, Figure 4 ex-
presses it in a different fashion, by comparing the
amount of freshwater entering the estuary with the
amount of seawater from the tides.)

Salinity increases can be prevented either by im-
peding the ability of saltwater to migrate upstream
or by increasing the amount of freshwater entering
the estuary. During the drought of 1988, the New
Orleans District of the Corps of Engineers designed
a barrier across the bottom of the Mississippt River
that blocked saltwater on the bottom while allowing
the ships and freshwater to pass on the top. In many
cages, where human withdrawals of freshwater have
increased estuarine salinity enough to have adverse
environmental consequences, water respurce agencies
have constructed projects to divert freshwater into
estuaries. Elsewhere in Louisiana, the Ceorps has
designed projects to divert water from the Mississip-
pi River to wetlands that are suffering adverse effects
of saltwater intrusion; and Everglades National Park
has long had a similar arrangement with the Corps
of Engineers and the South Florida Water Manage-
ment District.

The Delaware River Basin Commission releases
water from its system of reservoirs whenever salini-
ty reaches undesirable levels to protect Philadelphia’s
freshwater intake and aquifers in New Jersey that are
recharged by the (usually) fresh part of the river. Hull
and Tortoriello (1979} esti mated that a 13-cm rise in
sea level would require an increase in reservoir capaci-
ty of 57 million cubit meters {46,000 acre feet), while
Hull and Titus (1986) suggested that a 30-cm rise
would reguire about 140 million cubic meters, about
one-fourth the capacity that would be provided by the
proposed Tocks Island reservoir, and noted that the
DRBC has identified reservoir sites sufficient to off-
set salinity increases from sea level rise and economic
growth well into the 21st century. Williams {1989) con-
ducted a similar analysis of the impacts and respanses
to sea level rise in the Sacramento Delta in California.

Although dams can be useful, one must understand




their limitations. Most importantly, there is a finite
amount of water flowing in the typical river; dams can
increase the freshwater flow during the dry season
because they reduce the flow during the wet season.
Becausge droughts are generally the only time when
high salinity is a concern, the impact on salinity dur-
ing the wet season is generally not a problem. Dams
also reduce flooding, which (as we discussed above) can
be viewed as a benefit by people who might otherwige
lose property (or drown) in a flood; but they are algo
a liability to the extent that flood Prevention keeps
sediment from reaching wetlands to enable them from
keeping pace with sea level. A final problem is that
if climate change makes droughts more severe in the
future, it may be difficult to find sufficient reservoir
capacity to offset the resulting reductions in river flow,
let alone increasing river flow enough to offset sea
level rise. Salinity incresses in aquifers can also be
prevented either by increasing the force of freshwater
or decreasing the force of saltwater. The most notable
application of the former approach is in southern
Florida, where water managers maintain a series of
freshwater canals whoge primary purpose is to
recharge the Biscayne aquifer with fresh water.
Various types of barriers have also been identified for
blocking saltwater intruding inte the estuary
(Sorensen et al., 1984).

Decreasing depletive uses of water can help offset

salinity increases. For example, during droughts, the
Delaware River Bagin Commission has the power to
curtail diversions of water to New York City. Redue-
ing water consumption within the basin is a qritice'nl
component of water management strategies in this
and many other regions.

Adapting to Salinity Increases

If measures are not undertaken to prevent sali_ll?t)’
increases, people will have to adapt to it. Some cities
could respond by moving their intakes upstream. Note
that this appears to be the only response to increased
salinity that would work with sea level rise, but (at
least in many cases) not with decreased river flow. In
the case of sen level rise, moving the uptake upstream
the same distance as salinity advanced would leave
the public (and if ecosystems were able to migrate
upstream and inland, the environment) in roughly the
same condition ae before sea level rose. By contrast,
if less freshwater is flowing into an estuary, there may
no longer be encugh freshwater to supply the previous
level of consumption.

Another response is to shift to alternative supplies.
For example, if flows in the Missiasippi River decline,
or if wetland loas motivates policymakers to allow the
river to change course, New Orleans would have to

initial Condition

Figure 4. Increasing salinity due

to sea level rise

e
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Upper limit of
water tabla

Frashwater }

Figure 5: (A) According to the Ghyben-Herzberg relation, the interface
between fresh water and saltwater is generally 40 cm below sea level for
every centimeter by which the top of the water table sits above sea level.
Thus, if the water table extends 1 meter above sea level, it also extends
40 meters below sea level. If sea level rises (B), the effect will often be simp-
ly to raise the entire water table; although some deep wells may not be
pumping saltwater and have to be replaced, the water table is still suffi-
cient. However, evaporation and drainage may limit the ability of the water
table to rise past a point. Once the water table reaches this point (C), the
water table will thin by 40 centimeters for every centimeter rise in sea level.
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abandon the river as a supply of freshwater. Many
argue that the river is polluted enough to view such
a situation as a “blessing in disguise” and have sug-
gested that the groundwater under Lake Ponchar-
traine would be a suitable source (Louisiana Wetland
Protection Panel, 1987). Nevertheless, alternative sup-
plies are finite, and may become increasingly scarce
as the economy grows, especially in areas where the

nhouse effect faills to increase precipitation
enough to offset the increased evaporation that
warmer temperatures invariably imply.

Water conservation is likely to play an increasing-
ly jmportant role in efforts to adapt to reduced
availability of freshwater. Many jurisdictions already
place restrictions on depletive uses such as watering
lawns and washing cars, Officials in New Jersey are
planning to ration the water that farmers withdraw
from the Potomac-Raritan-Magothy aquifer, which is
recharged by the Delaware River. Nevertheless,
regulations of water use are difficult to enforce and
generally apply only to a limited number of visible
activities.

In our view, the best long-term response would be
to treat water like any other scarce commodity: charge
water a market-clearing price rather than a price
based on cost. There is an emerging trend in this
direction among large water users in the western
United States, but the principle is likely to face severe
cultural and institutional barriers. First, Americans
generally believe that water should be as free as the
air we breathe. Secondly, pubiic utilities are general-
ly not allowed to make a profit. Nevertheless, with in-
creasing government deficits and a gradual
acceptance of the scarcity of water, the public would
probably learn to accept water markeis.

The Need for Near-Term Action

As with dikes to prevent inundation, there is no
need to build dams or canals to counteract future
saltwater intrusion. Nevertheless, setting aside suf
ficient land for future dam sites is similar to allow-
ing wetlands to migrate landward—it will be less
expensive to prevent people from developing the land
today than to buy people out later. Accordingly, to the
?xbent that regions will rely on dams in the future,
it would be best to identify those sites today and im-
Plement policies that will keep options open for future
reservoir construction.

_ The matter of reserving land for dams or wetlands
lilustrates a principal that may apply to other com-
modities: even when a particular action will not be
“nECessary for a few decades, it is best to establish the

rules of the game” in advance so that people can
Bradually take whatever measures are necessary bas-
ed on how they perceive the probability and eventuali-
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ty of the particular situation that is anticipated. If
we want to use water efficiently, its price will even-
tually have to rise. Political realities prevent a
substantial rise today, but if the government put
everyone on notice that it would charge a fair market
price beginning in the year 2030, the public would pro-
bably accept such a policy. It is easier to agree on what
is fair when no one is immediately threatened, and
honorable people do not object to fulfilling the condi-
tions of treaties, contracts, and other arrangements
made by a previous generation.

Conclusion

No one would accuse the United States of over-
reacting to the prospect of a rise in sea level from the
greenhouse effect; the process has been slow, but
steady. After 7 years, we have reached the point where
the relevant disciplines and the relevant government
agencies are considering the issue and looking for op-
portunities to respond. Everyone realizes that it is dif-
ficult to convince politicians to make short-term
sacrifices for the long-term good, but we have a public
that is concerned about environmental quality in
general and the greenhouse effect in particular.

Is action more urgent or less urgent in Mississippi
than in other states? Along the open coast, it seems
less urgent: you havent developed your barrier
islands. Moreover, the Sound’s shoreline is so exten-
sively developed that it will almost certainly be able
to economically justify the cost of erecting any
necessary dikes and renourishing the beaches. Given
the ability to undertake these measures with relative-
ly short notice, there is no reason to start building
them today.

On the other hand, the need to undertake institu-
tional measures may be greater here than elsewhere.
As discussed in other articles in this proceedings, a
literal interpretation of the tidelands act fixes the
legal tidal boundary at a particular location,
regardless of changes in the tides themselves. The net
effect of such a law is that the state gives away its
right to take over newly flooded lands, The original
intent of the law was probably primarily ad-
ministrative ease. It i5s a nuisance to continually
remap property lines. Had they considered current sea
level trends or the prospect of an accelerated rise, they
would have realized that the effect of this law would
be to give away the state’s right to tidelands. Thus,
it seems reasonable to argue that the law was an un-
constitutional granting of public lands without com-
pensation. Nevertheless, if this law 1s not corrected
soon, people may gradaully become accustomed to it
and make decigions based on the assumption of its
validity, which in time, might make future courts sym-
pathetic.



There is little doubt that laws governing tidelands
will have to be modified in most coastal states to ex-
plicitly address sea level rise. When the Mississippi
Legislature next examines this issue— probably in
response to pending court rulings—it should ensure
that it not only addresses the narrow issues required
to meet the Court's constitutional objections; it should
also design a law that will leave future generations
happy with the way it anticipated accelerated sea
level rise. The easiest time to fix institutions to take
sea level rise inte account is when we are fixing it
anyway.
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Sea Level Rise:

Policy Implications
for the Mississippi Coast

Laura S. Howorth and Sondra Simpson
University of Mississippi Law Center
Oxford, Mississippi

The Houses are All Gone under the Sea. (T.S. Eliot).

Introduction

For ages, the strong lure of the sea has attracted
man, pulling him to that fragile area between the
ocean and the land. This i no less true in 1990 —in
fact, a welt-documented statistic is that in this decade,
50 percent of all Americans will live within 50 miles
of the coastiine’ Not only does this population shift
mean additional atress on a delicate and important
ecosystem, it also means added burdens on existing
infrastructure.

An increasing coasta) population presents a number
of problems to policymakers and coastal managers.
Finding a workable balance between growing develop-
ment and the need to protect againat the destruction
of critical habitat have always been difficult issues to
resolve, but are intensified by the growing numbers
of people who want to be near the ocean and take ad-
vantage of ita resources, However, as if the problems
of serving greater numbers of people while protecting
the environment were not enough of a challenge, there
is & new problem on the horizon that further com-
plicates coastal planning. Although it is known that
the level of the sea changes over time, many research-
ers now believe that, due to global warming, the sea
level is rising at an accelerated rate.

Recently, the possibility of global climate change
has been the focus of s great deal of attention’
Although scientists have differing opinions about the
extent to which the world’s climate can be expected
to change, as well as exactly what impacts any
changes may bring, one thing is certain: if
temperatures do rise, the environment will be affected
in a variety of ways. Furthermore, it is clear that some

Laura 8 Howorth serves as ataff attorney for the Misaissippi-
Alabama Sea Grant Legal Program. Sondra Simpson is n third year
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of the most detrimental effects will be felt by coastal
areas in the form of a rapidly rising sea level,

Although futere planning for something with such
a speculative nature is difficult, this paper proposes
that it is not too scon for Mississippi to begin consider-
ing the regulatory implications that a sea level rise
could bring. In fact, by implementing a management
structure to prepare for the adverse effects of a rising
sea level, the state could be strengthening its ability
to address some of the more immediate concerns fac-
ing the Mississippi coast today.

The foliowing discussion describes some of the ex-
isting federal authority that currently responds to the
types of problems that would be intensified by sea
level rise. It will also summarize the types of responses
that have been made at the state or local level. Addi-
tionally, it will describe briefly some of the potential
impacts the state ig likely to see as a result of a sea
level rise. Finally, it will suggest actions the state
could take to improve its capacity to deal with this
pending problem.

The Federal Government

While the number of federal laws that relate to the
coastal zone and the agencies responsible for carry-
ing them out are numerous, those with policies direct-
ly applicable to sea level rise are not. Nevertheless,
several agencies are beginning to address the issue.
For example, the U.S. Army Corps of Engineers (Corps)
has perhaps the longest record of overseeing coastal
development. Beginning with the Rivers and Harbors
Act of 1899} and continuing through other public
work laws, the Corps has the auvthority to regulate
development affecting America’s navigable waters.
Although it has not expressed a formal policy on sea
level rise, it is currently reassessing the design of its

coastal protection structures to accommodate for that
eventuality*



Another federal agency directly involved in address-
ing coastal zone issues relevant to a sea level rise is
the Envirecnmental Protection Agency (EFA). The
Clean Water Act’ charges EPA to protect the United
States' water resources, and in connection with this
responsibility, EPA has been on the forefront in
gathering information on sea level rise. Much of the
research sponsored by EPA has discussed the implica-
tions of such changes and has suggested alternatives
for policymakers to consider in preparation®

The Federa) Emergency Management Agency ad-
ministers the National Flood Insurance Program/
which provides that the federal government bear some
of the risk of flood loss in order to encourage sound
land use?® This program also covers damage caused by
erosion of the shoreline® In the past, this program has
been criticized for encouraging development by pro-
viding subsidized flood insurance in high hazard
areas. However, the program has been reevaluated,
and in the future, property owners will have to bear
the majority of the costs from building in hazardous
areas)? Obviously, a rising sea level would have an
impact on the operation of this prograrm.

The Coastal Barrier Resource Act also deserves
mention in this context!' This Act creates the
Coastal Barrier Resource System, made up of
undeveloped coastal barriers on the Atlantic and Guif
Coasts!? Federal subsidies for hazard insurance and
infrastuctural development are prohibited within
these areas!? Because barrier islands stand to bear
a major portion of the brunt from a sea level rise, any
law or regulation contrelling their management
would be affected.

Although the above-mentioned federal legislation
is relevant, certainly the legislation that provides the
most comprehensive scheme of managing the coastal
zone is the Coastal Zone Management Act This act
creates a partnership between the federal and state
governments to manage coastal areas. By developing
federally approved coastal management programs,
states are eligible to receive financial and technieal
assistance {rom the federal government. The states
are also given the promise that all federal activities
conducted within their coastal zene will be consistent
with its approved coastal management program.

In furtherance of its goals of protecting coastal
resources through a cooperative federal-state effort,
the recently passed Coastal Zone Act Reauthorization
Amendments of 19905 addresses sea level rise. With
the creation of “Coastal Zone Enhancement Grants”
the Act establishes a program to encourage im-
provements of state management programs in eight
specified areas. One of these specified areas for which
a state may apply and receive assistance is for “an-
ticipating and managing the effects of potential sea
level rise..'s
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State Responses

According to a recent article by Paul Klarin and
Mare Hershman,'” the different state coastal manage-
ment plans show various reactions to the threat of a
rapid sea level rise!* The state responses can be
grouped into four categories: (1) those that have shown
no official recognition of sea level rise as a problem:;
{2) those that have expressed recognition and have
taken initial steps to consider alternative responses
to the threat; (3) those that have adopted new regula-
tions or have modified existing regulations te accom-
modate the issue: and (4) those that have adopted an
express policy and regulations geared at responding
to sea leve! rise!

It is not difficult to articulate reasons why the
responses from coastal managers vary on this issue.
Many commentators have noted the constraints in-
volved in initiating a policy response to sea level rise?®
It is always difficult to encourage proactive planning
for future events, particularly when current scientific
projections are uncertain. Political willingness to sup-
port changes that may be unpopular is especially dif-
ficult to generate, and the ever-present problem of
limited finances makes it hard to devote fiscal
resources to problems beyond the ones government
faces daily. Nevertheless, these are not insurmoun-
table obstacles. Creative and responsible planning for
a sea level rise can be accomplished, and for Mississip-
pi, its Coastal Program?' is an appropriate vehicle for
instituting workable policies. However, no planning
can take place without an analysis of the problems
sea level rise may bring. The following describes some
of the types of impacts that are likely to be felt on the
Mississippi coast. Many of the impacts described are
already problems the area must deal with, which will
only be intensified by a sea level rise.

Potential Impacts

{1) Increased Flooding. Flooding is always a pro-
blemn in low lying areas like the Mississippt coast. Ob-
viously, because of its low, flat terrain, the area can
expect increased flooding as a result of sea level rise.
Warmer temperatures would mean an increased fre-
quency and intensity of storms, and higher tides
would cause greater storm surges. Additionally,
higher water tables would decrease storage capacity
and cause slower water drainage?’

(2) Wetland Destruction and Saltwater Intru-
gion. Much has been written lately about the alarm-
ing rate of destruction of wetlands and the many
reasons for their loss2? While historically, wetlands
{particularly in undeveloped areas) have been able to
keep pace with the rising sea level, a rapid rise will
likely outpace many wetlands. Furthermore, in many



instances, wetlands would not be allowed to re-
treat inland, because development would prevent
migration.

Increased salinity would be an additional problem.
The introduction of higher levels of saltwater would
have a detrimenta] impact on the delicate nature of
coastal wetland ecosystems, and would also threaten
ground and surface water supplies?®

() Fisheries Degradation, A change in sea level
will bring about a number of changes to fish habitat,
with corresponding impacts on industries that depend
on healthy, vital fish stocks. The destruction of
wetlands will mean a loss of valuable breeding
ground. Additionally, warmin g temperatures and
changing currents will cause Btresses on species that
may be even more disruptive than the insults they cur-
rently face from pallution and overfishing

Detriment to fisheries would add further burdens
to an already troubled fishing industry. Additional-
ly, the support facilities for the fishing industry can
expect degradation of their own: docks, marinas, and
other facilities currently built immed iately adjacent
to the water's edge will be subjected to increased tidal
and wave inundation s

4) Increased Beach Erosion. Beach erosion is a
continual problem for Mississippi. A major portion of
the state's sandy beaches are manmade: constructed
to protect existing seawalls, to enhance the scenic
quality of the area, and to provide recreational areasg?*
However, because of wind and tidal conditions, these
beaches require constant renourishment to maintain
their existence, The increased height of tidal crests
that a sea level rise would bring would cause even
greater beach erosion. Obviously, such erosion would
have a negative impact on the tourist industry, which
relies on drawing the public to the sandy beaches.

More importantly, erosion may diminish the
beaches’ important function as buffers against storm
inundation. Research suggests that the bedehes may
erede more quickly in the underwater portion than
the visible partion. This phenomenon, kaown to as
“profile steepening,” lessens the beach’s ability to pro-
tect upland areas from storms?’

(7 Barrier Island Migration. Mississippi’s barrier
islands are primarily undeveloped, and as such have
the potential to respond to a sea level rige naturally,
either by “washing over” (caused as the island washes
on the ocean side, and is built up on the Sound side
by the storm pushing sand onto the shorel, or by
breaking up and drowning in place?* In either case,
changes to the barrier islands would have an impact
on the Mississippi Sound as well as the mainland. The
islands offer protection from storms by bearing the
brunt of wave action. They also contribute to the
ecosystemn of the Sound. Since the barrier islands ab-
sorb most of the impact of waves coming in from the
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open waters of the Gulf of Mexico, the Sound remains
a relatively calm body of water,

Responses for Mississippi

According to the categories developed by Klarin and
Hershman, Mississippi falls into that group of states
whose coastal programs have recognized the need to
implement policy, but as of yet have made no efforts
beyond initial discussion stages? However, Mississip-
pi could easily move out of this category and into the
one consisting of programs that have modified ex-
isting regulations to accommaodate for a potential sea
level rise,

Obviously, government officials are always reticent
to propose any policies that appear to discourage
development, especially in a state like Mississippi,
which is currently experiencing a period of static
growth® The key is to implement policies that accom-
modate for sea level rise by promoting “sustainable
development.”** The idea is not to discourage develop-
ment, but instead to encourage the type of develop-
ment that is both ecologically and economically sound
in light of the threat it faces from an impending sea
level rise.

To this end, several options are available to state
and local governments. These governments can revise
zoning ordinances to mandate set backs and restrict
development in food prone areas, impiement huilding
codes that restrict size or impose certain engineering
standards, or employ other land use mechanisms to
discourage inappropriate development in hazardous
areas’ Additionally, property tax structure can be
used to control development. For example, incentives
could be offered for property owners who develop for
uses that are compatible with beach protection, or
who choose to relocate structures currently situated
in high-hazard areas®

Authority granted to these entities can also be used
to redesign the existing flood control and drainage
systems to accommodate a sea leve] rise, or to preserve
aquifers or other groundwater resources, Nonstruc-
tural, or “soft,” engineering techniques—such as beach
replenishment, bluff and wetland revegetation, or
creation of buffer areas around critica) areas—could
be used to combat adverse effects of erosion or bluff
destablization. Existing Post storm policies can be
reevaluated to restrict redevelopment in hazard prone
areas™ Finally, the state could consider the possibility
of acquiring land and placing it in a COnservancy
program**

Conclusion

Although it may be too early to know all of the con-
sequences that may accompany a sea level rise, it is

—



not too early to prepare. In fact, there is a strong argu-
ment that much of the needed planning for a sea level
rise would be useful today. Since many of the ill ef-
fects of a sea level rise will be the exacerbation of ex-
isting problems, modifications to address sea level rise
would not be merely an exercise in future planning.
By using sea level rise as an “excuse” for strengthen-

ing Missiasippi’s Coastal Program, coastal managers
would have an improved set of tools for handling to-
day’s problems, while putting the state in a position
to respond to effects that are likely to be felt in the
future. With some responsible and innovative plann-
ing, Mississippi’s houses, unlike Eliot’s, do not have
to go under the sea.
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Introduction

Every day the industrialized world pumps great
quantities of contaminants into the air. Carbon diox-
ide and nitrous oxide, mainly from fossil fuel combus-
tion and the burning of rain forests; methane, mainly
from natural gas production, landfills, and farm
animals; and chlorofluorocarbons, mainly from
aeroscl propellants, refrigeration, and automotive air
conditioners, are collecting in the atmosphere.
Because these gases take up only a small percentage
of the air, they are known as “trace gases” The collec-
tion of trace gases is causing the atmosphere to trap
more and more of the sun’s heat, The likely result is
a gradual warming that could lead to woridwide
climatic change!

The effects of a general increase in temperatures on
a global scale would be dramatic. They could include:
thanges in cloud cover; increased vegetation growth;
increased biological decay; and a reduction of the polar
ice pack ? The “most pervasive and certain” impact of
rising greenhouse temperatures, however, is the ther-
mal expansion of the oceans and the melting glaciers,
which “are likely to raise sea levels by 0.5 to 2.0
meters by the year 2100 Such a dramatic shift in
water levels would threaten major cities, destroy
wetlands! and completely reshape the world's coastal
areas. Estuaries, coastal aquifers, and other water
reserves will likely become more salty? and rivers will
also suffer as salt concentrations migrate upstreams
This, in turn, will make these areas less attractive
breeding grounds for aquatic life and less fit for many
human purposes.

The primary concern that coastal property owners
have about a greenhouse-induced tidal rise is loss of
their land and the improvements on that land due to
flooding Expensive homes and hotels that are now on
the beachfront may one day be inundated, or at least
partially flooded. As the water approaches these pro-
perties, the beachfront itself will also be lost? In
Mississippi, because of its simple geography, a sim-

ple one foot rise in sea level could erode the shore from
50 to 400 feet.? Coastal property owners, however, face
a legal problem that may be as worrisome as the water
itself. When their property becomes subject to tidal
influences, they will lose title to it. Title will revert
to the state, as trustee for the people of the state,
under the public trust doctrine.

The publie trust doctrine dates back at least to the
sixth century and is well entrenched in the English
common law? It is based on the proposition that cer-
tain interests, such as navigation and fishing, are so
intrinsically important to every citizen that their free
availability is necessary if the saciety is ever to
develop and prosper’® Private ownership of these
waters would therefore conflict with the needs of socie-
ty!' The United States Supreme Court has held it “in-
conceivable” that any person would claim a private
property interest in the navigable waters of this coun-
try!* As the Mississippi Supreme Court has declared
“fee simple title to all lands naturally subject to tidal
influence, inland to today's mean high water mark,
is held by the State of Mississippi in trust [for the
public good]"?

The Mississippi public trust was formed in 1817, at
the time of Mississippi’s admission to the Union. After
the Revolutionary War, the coloenies retained their
navigable waters and submerged coastal lands, to be
held in trust for their people!4 As new states were ad-
mitied to the Union, they were given an “equal
footing” with the other states, so each new state
received property to be held in trust for public pur-
poses.'* In this trust, was the fee simple title to the
tidelands and navigable waters of the state!® These
lands were to be held in the public trust for various
purposes. Over the years, Mississippi law has recog-
nized those purposes as including fishing? navigation
and transportation,'® commerce” bathing, swimming
and other recreational activities?® development of
mineral resources?’ environmental protection and
preservation?? the enhancement of aquatic, avarian
and marine life, sea agriculture, and other purposes2?



Rising Water Levels and
the Public Trust Boundary

Since the boundary of the public trust is defined by
the ebb and flow of the tide, one issue that will emerge
in the next century is whether the state takes con-
trol of property that had been in private hands, but
which has become subject to the ebb and flow of the
tide due to higher water levels caused by the
greenhouse effect?* The Gulf's high tide mark “in
theory, at least — [is] ascertainable as of 181772
However, because water boundaries shift, the 1817
boundaries are not the ones of import for determin-
ing which lands are held in trust by the state today.
The Mississippi Supreme Court has held that:

Where the forces of nature — gradually and impercep-
tibly — have operated to expand or enlarge the inland
reach of the aebb and fiow of the tide, the new tidelands
so affected accrate to the trust. Put otherwise, state law
decrees that the survayable outer boundary of the trust

. i$ today’s mean high water line, regardiess of the

absence of a tidal influence in 1817...26

Thus, under traditional public trust law, current
property owners will lose their title to the state if their
land becomes subject to tidal influence due to a
gradual, greenhouse induced rise in water levels?
Moreover, the state would be able to claim not only
a right of way on the water and tidal lands, but
mineral rights would also accrete to the state (in-
cluding the right to drill for oil and to grant oil ex-
ploration leases)?®

If land formerly held in private ownership were, over
the relatively short period of a few decades, trans-
ferred to state ownership due to the greenhouse ef-
fect, particularly where the property could still be of
value to the private owner, one might expect the state
to accommodate the prior owner by refusing to assert
authority over the property, by selling the property
back to the former owner, or by granting the former
owner a long-term lease at a favorable price. There
will certainly be political pressure for such a solution.
Because legislatures often receive pressure from lan-
dowmers, and because individual states have the
authority to define the boundaries of the public
trust,?® Jegislatures have often succumbed to public
pressure to give up trust lands, but courts have
jealously guarded the trust

The most celebrated public trust case in American
law is Ilinois Central Railroad Company v. lllinois®
In 1869, the Tlinocis Legislature made an extensive
grant of submerged lands to the Iilinois Central
Railroad. That prant included all the land underly-
ing Lake Michigan for one mile out from the shoreline
and extending one mile in length along the central
business district of Chicago—more than 1,000 acres
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of land 3 The Supreme Court declared the grant in-
valid?* The rationale underlying this holding is that
the government operates in order to provide widely
available public services, such as schools, police pro-
tection, libraries, and parks. While there may be valid
reasons to benefit some small diserete group, there is
usually some relatively obvious reason for doing so,
such as a need to assist the poor. However, when a pro-
gram benefits a certain group and there is no cbvious
reason for singling out this group, suspicions should
be aroused* Any such conveyance should be viewed
with great skepticism3*

The Mississippi Legislature has received political
pressure from coastal property owners, and in 1989
it responded with the Public Trust Tidelands Legisla-
tion.? That legislation directs the Secretary of State
to prepare a map of Public Trust Tidelands? After
the map is completed and approved, trust boundaries
will be fixed, and property owners will be issued cer-
tificates indicating that their property is not part of
the trust’® The legislation, in essence, fixes trust
boundaries at their 1973 location and prohibits them
from moving with the tide® This legislation is ob-
viously intended to protect landowners who might
otherwise lose title to their land. Hawever, it is at odds
with the purposes of the Public Trust,

Although the Act purports to recognize the impor-
tance of the Public Trust and purports to adhere to
the common law doctrine® it departs dramaticaily
from the common faw rule that boundaries move with
the ebb and flow of the tide* The Secretary of State’s
interpretation of the Act is that:

This law requires the line of public trust tidelands in
developed areas 1o be placed at the mean high water line
as of July 1, 1973, to be revised only if more accurate in-
formation with respect to the ling of mean high water at
that date is received during the ensuing 60 days.42

Thus, the legislation certifies that the state will not
claim dominion over property which would otherwise
accrete to the trust. The Secretary has challenged the
Act, claiming that it amounts to a donation in viola-
tion of the Mississippi Constitution, which provides:
“Lands belonging to, or under the contro] of, the state
shall never be donated, directly or indirectly, to
private corporations or individuals..”*

The constitutionality of this legislation has been put
at issue in Byrd v. Mississippi** That case is current-
ly under appeal to the Mississippi Supreme Court, but
the lower chancery court has upheld the legislation.
The primary concern of the chancery court seems to
have been the confusion, difficulty, and expense that
is invoived with surveying the trust’s boundary line.
The chancery court held that:

There was no attempt by the legislature . . . to change
the boundary for it cannot be changed. It is the same as



it was in 1817, However, a procedure was enacted which
will facilitate the location of the boundary, for it must be
remembered that the 1817 boundary is elusive and there
are no photographs or known physical surveys which can
precisely locate it as it actually existed in 181745

The chancery court is wrang. The trust boundary
can change, and it does change. The location of the
1817 boundary is irrelevant. The Mississippi Supreme
Court’s boundary definition, which is in accord with
public trust law in almost every other state, places
the boundary at today’s mean high tide line, not the
1817 high tide liness

The Byrd v Mississippi case is now on appeal and
should come hbefore the Mississippi Supreme Court
within the year. The Supreme Court has some very
important decisions to make, If the greenhouse effect
causes a general one foot increase in water levels, the
Mississippi shoreline will move in some areas by as
much as 400 feets™ A larger increase in water levels
will shift the shoreline even further. If these lands are
held as private property, and the boundaries of the
trust are not allowed to shift with the coast, the public
may be denied access 1o these waters and effectively
denied all of the rights that the public trust has pro-
tected over the centuries* For instance, if submerged
land is held in private ownership 400 feet out into the
water then people might be prohibited from fishing
or swimming in those waters a]l up and down the
coast. The Public Trust has protected individuals and
individual rights in the past, but if the new legiala-
tion is allowed to stand, these rights may be lost, along
with numerous other rights.

As noted earlier, this legislation has the effect of con.
veying trust property to private ownership. Such con-
veyances conflict with the restrictions placed on
governmental authority over trust land and have been
universally condemned. The public trust doctrine re.
quires that trust property be held available for use
by the general public and not be sold, even for a fair
market price® It is possible for the state to convey
some interest, but enly if the publics rights are pro-
tected ® For example, most property owners on the
coast own only a part of their property. The public at
large still holds the right to use the waters and
submerged lands in keeping with the trust purposes,
That is the typical rule when trust lands are conveyed
into private ownerships' The Mississippi legislation,
however, will have the effect of transferring complete
title to private owners, to the exclusion of the general
public

Until this recent legislation, Mississippi law had
been clear. Mississippi public trust law prohibits
disposition or use of trust property except in fur
therance of public purposes, and then only by approval
of the legislature’’ The Mississippi Constitution also
Prohibits the state from donating property under its

control to private interests!? These prohibitions have
been held to preclude the sale of trust property at
prices below the fair market value Lon E-term leases
at less than fair market prices are also prohibited 5
The state, acting as trustee, has a duty to manage the
trust 50 as to reasonably maximize the income from
it. Thus, any benefit bestowed on a private entity at
the expense of the general public viclates the state's
duty* The 1989 Mississippi legislation does just that.

Conclusion

If the greenhouse effect does actually lead to
dramatic shifts in water levels, the Public Trust Doc-
trine will emerge asa eritical legal issue for the next
century. Steps may be taken today to help minimize
adverse greenhouse effects and to prepare for the new
waterlines, but the state should not let property
ownership concerns infringe on the public’s right to
use these properties.

The 1989 Public Trust Tidelands legislation should
be overturned. kt is not surprising that the Mississip-
pi Legislature gave in to political pressure from
coastal property owners; however, the Mississippi
Supreme Court should not allow this legislation to
stand. Although individuals may lose property due
to a greenhouse induced tidal change, the superior
right of the public should not be defeated. Navigahle
and coastal waters have long held positions of extreme
importance to the public in general. The publics right
to use and enjoy tidally affected coastal waters should
be recognized as paramount to concerns over boun-
daries. Those who now own property that may become
subject to tidal influences have sufficient time to
prepare. They should recognize that their property
may gradually — imperceptibly — be encroached upon
by water. They should also realize that this may cause
them to lose title to their property. This does not mean
that they need to sell their property tomorrow. Their
land will remain usable and enjoyable for decades to
come. It might, however, one day begin to decrease in
value. That is true of any real estate.

This is but one factor that should weigh in the
calculation of whether to build, buy, or sell coastal pPro-
perty. If concessions must be pravided to current pro-
perty owners, they should be granted monetary
compensation or the limited subservient interest, at
most, while the public retains the right to use use and
enjoy navigable and coastal waters.

In place of the 1989 Public Trust Tidelands Legisla-
tion, the Mississippi Legislature could enact legisla-
tion similar to that in Maine, which requires the
removal of manmade obstructions as the water rises
and wetlands migrate inward s Additionally, the state
could benefit from legisiation requiring tidal changes




to be considered before any new construction is begun
in coastal areas’® And even though Mississippi has
few air pollution problems, compared to other states,
it eertainly would not hurt to focus on reducing the
production of trace gases and try to lessen the
greenhouse effect.’? Any of these enactments would

be far more welcome than the 1989 legislation. The
Public Trust has protected the publics right to use and
enjoy the world’s waters and coastlines for centuries.
1t should be aliowed to remain a vital and useful
means of protecting such rights as we enter into the
next century.

1. See generally S Schneider, (Ginbal War-
ming: Are We Entering the Greenhoure
Century? (1999); 8. Roan, Ozene Crisis
(1989). It must be noted that not all
scientific evidence supports the theory.
At least one theory suggests that the ef-
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ing temperatures. Morsover, with any
issue as politicel as the environment,
politica] posturing may sometimes
distort a true picture. Consider the
following statement by Stephen
Sehneider of the Natienal Center for At-
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broad based support, 1o caplure
the public's imagination. Thai, of
course, entailzs getting loads of
madia coverags. So we have to of-
fer up scary scenarios, make
simplified, dramaiic statements,
and make little mention of any
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what the right balance is between be-
ing effactive and being honest. | hope
that means being both.

Schell, Qur Frogile Earth, Discover,
Ort., 1989, 44, 47 (emphasis added).
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The Mississippi Legislative Perspective

The Honorable Victor Franckiewicz
Mississippi Senator, District 46
Bay St. Louis, Mississippi

As a public official, I would like to welcome those
of you who are visiting our state from Alabama and
Louisiana. We're happy to have you here. There was
an interesting discussion I had with one of my col-
leagues yesterday about back in the territorial days
when they were cutting up the Mississippi territary.
There was a lot of discussion about whether it should
be drawn north-south so that we have the two states
(Alabama and Mississippi) we have right now, or
drawn east-west to form a North Mississippi territory
and a South Mississippi territory. I think the general
conclusion was that, in retrospect, our brethren in the
northern part of the state and we down here probably
would have been happier with the latter cut rather
than what we ended up with merely because of
cultural, geographical, and other similarities.

1 want to mention that I will be talking about our
perspective on the effects of sea level rise, not on the
causes. Those are two separate issues. I don't want
to set aside the fact that we, as a matter of public
policy, need to be concerned about thoese things exacer-
bating our sea level rise problems, but I want. to talk
primarily on the effects.

The legislative perspective is necessarily one that
asks the question, “What should we do about the rules
by which our society is going to govern itself?” The
legislature is used to thinking in the rather short-
term. I think the remark was made earlier this morn-
ing that the long-term sometimes is next week. We're
not real good at thinking about long-term problems,
50 it is kind of tough to figure out what we should be
doing.

1 want to contrast the sea level rise issue with other
water-related geological events. We, in this state, and
many of our sister states, are very familiar with
changes to riverine shorelines when you have massive,
avulsive-type events. For example, we have towns that
have completely been obliterated by changes in the
course of the Mississippi River. And we see were it not
for the Corps of Engineers’ efforts and the old river
control structure, we would have had a different
Mississippi River today. We are somewhat familiar
with those avulsive type events. While we're not very
good at dealing with them, we do have experience
with them.

The sea level rise is a whole different ballgame. It
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is very slow in terms of our perspective here in socie-
ty, certainly not slow in geological time, but it is not
something you can go out and watch. Because of this
difference, the inexorable but slow rise in sea level,
our response is necessarily going to be a little different
than what it would be with more sudden events. Our
response is inherently more diffuse and I want to ad-
dress a few of the issues.

We need to realize that sea level rise is not
something that is going to happen, it is something
that is happening. It is an interesting perspective
when you realize a lot of times we talk about it in the
future tense. It is not in the future, it has been occur-
ring in the past, is ongoing today, and will continue,
apparently at a faster rate, in the future. We need to
be thinking about what we are doing today and the
effects of that 10, 15, 20, and 100 years down the road.

When we look at legislation, I generally tote up
before the legislature a series of things we can do
about a problem. We can first ipnore it (and we're quite
good at that); we can study it (we're also pretty good
at that); we love to tax it; we can prohibit it; we can
spend on it; we can regulate it; and can delegate it
to local government,

Now, of those choices we have, ignoring it, studying
it, taxing it, or prohibiting it won't work very well.
Obviously we shouldn't ignore it, although we would
like to. It is not a whole lot of use from the state
legislative perspective to study it. The federal govern-
ment handles that rather nicely. In terms of any new
state initiatives necessary to study the problem, I
don't think we have an issue there. We have a lot more
thinking to do about the effects of sea level rise, but
as far as major new studies that are going to uncover
things that we don't understand right now, I don't
think we contribute a lot to that from the state level.
I think a lot can be contribuied at the federal level
by locking at the greenhouse effect.

I can’t think of a more stable and sure way of get-
ting revenue than taxing sea level rise, but 1 don't
think we can do that, nor can we prehibit it, although
1think the legislature may at times wish they could.

One of my colleagues told me a story yesterday that
the legislature some years back by decree was going
to decide where Desoto found the Mississippi River.
I guess if we feel like we can legislate historical facts,



there is no reason why we can’t prohibit natural ef-
fects. But [ don't think that will work even in our
wildest imagination. That leaves three things that I
want to address: spending, regulating, and delegating.

The state needs to think about its capital in-
vestments in public infrastructure and public
facilities and realize that when we make those in-
vestments, we need to think in the long-term about
where they should be located. The sea level rise issue
for our public infrastructure investment is inherent-
ly a geographic problem.

When you stop to think about it there’s not a whole
lot the state does directly that gets affected by sea
level rise, perhaps with the exception of port develop-
ment. A lot of indirect investments do need to take
it into account. An example is highways. Our major
artery here on the Gulf Coast is Highway 90. It is
located directly on the coast and there is no question
that in the long-run, the ability to maintain that road,
and any other beachfront road, is going to be affected
significantly by sea level rise. At some point, we will
have to make a decision whether is it worthwhile
maintaining it at that current location or make an
investment decision to move it. There are some parts
of our major highways, particularly the beachfront
roads in south Hancock County and some areas of
Jackson County, where today it is hard for those
roads to hang onto that little coastal fringe. It will
be nearly impossible in the long-run.

Similarly, we are making major investment deci-
sions in public facilities, state parks, new state office
buildings, new university campuses, and that type of
thing. If you're going to be losing your waterfront, you
need to worry about where you put them. I think we
need to adopt a Jong-term perspective, because the
public facilities we build, in some form or another, are
going stay there for long periods of time. It has been
only in the last eentury or so that the government has
really spent large sums of money on major physical
public facilities, so we don't always think that what
we're building right now is something that people 200,
300, or 400 years from now will still be using.

We don't do much at the state level on structural
measures for shorefront protection. Thankfully, we've
gotten out of that. Earlier in the century, we built an
awfully lot of seawalls down here. Modern studies and
modern thought tell us that was probably an exercise
in futility. Now we use shorefront replenishment and
beach nourishment; that is probably cheaper and
every bit as effective as “hardening up” the coast. I
think we need to understand from the policy-making
level that whatever we do about our coastline hae to
respect the natural forces,

That covers some of the spending issues. The fact
that we don’t spend a lot of money on shorefront
hardening, and the fact that we already have the legal

mechanisma in place for making decisions about
where we invest our meney in highways and public
facilities, tell me that legislative changes are not
needed as much as just making smarter decisions
about those facilities and those investments as we
make them.

Let’s look at the issue of regulating. I will include
in this the state laws as they regulate shorefront pro-
perty rights. I think there is an issue there. Qur legal
system and our laws are set up in large measure to
resolve disputes. I would submit to you that we
already have an adequate legal framework for resolv-
ing any land disputes. Some people might not like the
results. A private owner on the shoreline probably
doesn’t like the fact that the law says when the tide
moves in, his property line moves in with it. But we
don’t have a legal issue there as much as we have a
policy issue

1s that the result we as a society think ought to hap-
pen? My gut feeling is that, except in very rare cir-
cumstances, it is probably a good policy.

If you look at shorefront property as having an at-
tribute of an ambulatory boundary at the water line,
those who own the property have bought it with the
fuli understanding that its boundary is not fixed, and
that they are at risk of that shoreline moving inland.

When the recent tidelands legislation was put
together, the issue of where the line is, and the ispue
of defining that line, were concerns in aiready
developed areas where filling had proceeded from the
shoreline out into the public trust. Somewhere in that
new piece of land, we had to find the underlying pro-
perty boundary to know who owned what.

That was really the concern. I don’t think we ever
thought through what happens in what I'll call the
“virgin territory”: undeveloped land where the line
is moving and has been moving and may now,
through the legislation, get frozen in time. Freezing
the boundary can’t be done by mere legislation. We're
going to have to go into some constitutional issues.
Thankfully, in my view, our constitution says that you
can't just give away the public trust lands. I think we
would be in a much worse situation today were it not
for that constitutional prohibition.

We talked about the Nllinois Central case earlier on,
but we actually have a more outrageous situation here
in Mississippi. Back in the 1880, the Legislature
granted the Gulf and Ship Island Railroad “for the
private profit and use of the railroad” a full 6 square
miles of our Mississippi Sound, an area now occupied
by the Port of Gulfport. We may poke fun at Illinois,
but we certainly have our skeletons in the closet too.

The basic policy of who should get tidelands is a
public policy issue requiring a constitutional change
in Mississippi. I personally don’t think that it should
change, but like all constitutional issues, the proper



forum for that to be debated is public; it is a real, live
public policy question. It is not something with an
easy solution. We have to decide as a society where
we're going to allocate the rights.

A related, but slightly different problem (and I
think from an economic standpoint the bigger issue
as the tidal regime moves), is the issue of 0il and gas
rights. Under today’s regulatory envircnment, the cost
of hardening up the coast and developing in low-
lying areas is simply not cost effective. In the
undeveloped areas right now, I don't think we will see
a lot of pressure to develop, except for the areas that
are already developed. But as the tidelands boun-
daries move, and as oil and gas get more developed,
who gets the rights to oil and gas will be an economic
issue.

1t is clearly settled law that the state will get. those
oil and gas rights as the tide moves in, but that again
becomes a public policy question. In the larger scheme
of things, the iasue of who gets the oil and gas rights
does not impinge on the traditional public access and
navigability rights to the surface waters, It's a situa-
tion where you can accommodate both interests, and
the only cost to the state is the loss of potential oil
and gas revenues. That has to be balanced by tradi-
tional notions of fair play and resource development.
Those are some of the policy issues, and 1 think some
legislation may well be necessary.

Another area (and I don't know how to address it
fully from a legal standpoint) goes back to the issue
of public facilities. If in the long-term, for example,
we can't have a Highway 90 anymore because it will
be under water, what will you do with the private ac-
ceas rights that the beachfront owners now have? Let's
say, for example, we decided, because we couldn’t af-
ford it anymore, simply to abandon maintaining those
roads, tear them up, and put them somewhere else.
You would have probably 15,000 parcels of property
with no public acceas (unless they left a little shell
Path like was there 150 years ago). I think that is an
Interesting issue because at some point the public has
lo make g decision. If we can't afford to maintain those
anymore, and we literally need to abandon them as
3 public facility, we need to recognize that there will
be some private access problems. I don't know how to
address that, but 1 think that it will require some
legislation.

Another regulatory issue would be what to do at the
State agency level. How do we organize them? And
Wwhat responsibilities do we assign to our various state
agencies to handle any of the regulatory and resource
Management aspects of the sea level rise? Here, I
think our laws are probably okay as they are. We have
agencies set up to handle the various issues that are
£01ng to come up, We have marine fisheries resource
Mmanagement agencies, we have a wetland manage-

ment agency, and we have environmental protection
agencies. Now I'm not saying that the regulations and
internal organizational structures of the agencies are
adequate to handle all the problems. But I think that
by and large, the agencies to whom we have delegated
those responsibilities have the basic legislative power
to do the job. It is just a question of using it to address
these newer issues. I frankly don’t see a big problem,
from the legislative standpoint, in those areas.

The last area I want to talk about is that which the
state delegates down to the local governments. I think
we need a little bit of work here. When you stop to
think that the sea level rise problem as it impinges
on development is a geographic problem, you realize
that (at least in our staie) geographically-based
regulation has largely been delegated to local govern-
ments through zoning, building codes, and flood plain
management ordinances. We realize that much of how
we respond is going to be a local issue, and we have
to know that local governments who deal with the day-
to-day issues of where you're locating buildings and
that type of thing have the legislative authority to do
the job. I realize, and I think we all need to realize,
that sea level rise is a problem not in and of itself,
but it is a problem only in those cases where man's
development has approached the coast.

When we take a look at our state laws dealing with
delegation and enabling legislation for local govern-
ment control of land use such as zoning, building
codes, and s0 on, our laws are rather weak. I didn't
realize how weak they are until I started looking at
it from this perspective. Qur zoning enabling legisla-
tion is okay in a traditional sense, It sets up normal
Euclidean zoning, and lets the cities and counties act
on that. But it is rather narrowly written when you
stop to look at it. It authorizes the cities and counties
to adopt ordinances to “lessen congestion, insure safe-
ty from fire, public panic, and other similar dangers,
to provide for adequate light and air, to prevent over-
crowding, and to aveid undue concentration of popula-
tion.”

Those are all good things for sure, but it really
deesnt say anything about how you zone to mitigate
the long-term impacts of a natural phenomenon like
sea level rise. While I dont think anybody would
challenge it very seriously if you come down to the
basics of our zoning enabling legislation, it really
doesn't give the local governments the direct clear
power to zone based on worries about where sea level
will be in 100 or 150 years, and that is probably a lit-
tle change we need to make.

Also, it appears that we don’t have good firm enabl-
ing legislation for our flood hazard ordinances. Most
of those ordinances are promulgated under the city
and county health, safety, and welfare authorities, and
sometimes it is handled under their zening authori-



ty. I have researched the statutes for any specific
authority on adopting flood hazard mitigation or-
dinances, and it turns out we don’t have any, at least
not that I have found.

We do have a few references to it that got put in the
law after Hurricane Camille when we realized to be
eligible for federal flood insurance we had to regulate
at the local level. There was a real worry about
regulating agricultural uses, so the only mention our
state statutes made that I've been able to find about
mitigating flood hazards is a specific provision that
says you can't regulate agricultural uses at all, except
for whatever the federal government requires that you
absolutely do to be eligible for flood insurance.

I think we have a problem there. It has not been
challenged yet, but 1 believe we do need to upgrade
our state enabling legislation to make it clear that
local governments can — through their zoning,
building codes, and flood ordinances — take account
of the longterm sea level changes to be sure that
development respects this natural phenomenon.

That covers what we should do for spending,
regulating and delegating authority. I would eaution
everyone to be careful of what I consider a knee-jerk
reaction to regulate or to set up a new regulatory
scheme. You may think that sea levels are rising, and
since we don't regulate things like that directly, we
need to have a whole new regulatory authority. I sub-
mit that we do have adequate agencies and regula-
tions in place and I would resist the temptation to
create new agencies to address the specific narrow
issue because it is actually not such a narrow issue.
It transcends all of the other regulatory issues we have
in place right now. All of our resource management
efforts are affected by this, and I dor’t see a need for
an additional regulatory framework for handling the
problem.

Let’s talk a little bit about the timing of our
legislative response to the problem, going back to the
realization that it is iargely a development versus
natural sea level rise or man-induced sea level rise.
Since it is a development problem, we have to ask the
question, “Are we going to control development by mir-
roring the rate of sea level rise?" I don’t think that
is practical. We can’t incrementally move all the
buildings as sea level comes up. We certainly can't
mandate the coast-wide “let’s pick up and move inland
type” effort, but we can do two things that, in the long-
term, will constitute a very rational response to it.

First, we have to be very, very smart about how we
regulate new development, and as painful as we think
that may be politically, it is really not that bad. As
a general rule, new development knows it has to deal
with the whole panoply of regulatory requirements
at the state and national level. To fine-tune them
enough to take in concerns for where sea level is go-
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ing to be in the next couple of generations is not that
big a conceptional leap. I dont think it is that big a
problem for new development designed around those
constraints.

The other thing we should do is take advantage of
natura! disasters. I realize that sounds odd, but those
of us who remember back often think that we lost a
great opportunity to rebuild in a more rational way
after the coast had been destroyed by Hurricane
Camille In many ways, we had both a clean slate and
a tremendous amount of resources coming from the
federal government to have rebuilt in a more in-
telligent way. I firmly believe we lost a gelden oppor-
tunity then, but we don't have to be so squandering
of opportunities in the future. There's nothing that
says we cant set up and plan as we have natural
disasters in the future. And there is no question that
we will have them.

After each one of those, we have some choice points
about where to rebuild public facilities, where to
rebuild our highways, and what to do with the develop-
ment that’s coming back. I submit those times are the
times to make intelligent decisions, through legisla-
tion if necessary, but largely through local decisions.
Those decisions should moderate the impacts of sea
level rise.

We have to start planning for those today. Obvious-
ly, a natural disaster, of which we can take advantage,
might happen tomorrow, or it might not happen for
another 10 or 20 years. But to be smart about what
we should do in response to those disasters, we need
to make those decisions today while we have the
leisure to do it. In the heat of just trying to restore
normalcy after a disaster, you can't do that planning.
It has to be done now through the zoning enabling
legislation, flood plain and building code regulations,
and smart planning at the local level. We can do
things at the state level through legislation to en-
courage that.

I guess my presentation has been that the
legislative perspective at the state level is a rather
moderate one, and I want to stress that those are on-
Iy my views. The other 173 legislators in Mississippi
may think entirely differently, but it seems like if is
rather moderate. After I prepared this presentation,
1 began to wonder if maybe we should be doing
something more. But I realize that the real big
legislative issues, the pressing ones from a public
policy standpoint, are going to occur at the naticnal
tevel: flood insurance, disaster assistance, barrier
island regulations, and 80 on.

Mississippi is sort of in a unique position. The real-
ly severe visible impacts of sea level rise seen in other
states are not present here for a couple of unusual
reasons. All of our barrier islands, with the exception
of Cat Island, are owned by the federal government.



So we don't have a development issue out there. We
don't have condominiums and hotels about to be
undermined, so we don’t have the problems that
Florida has, that some Louisiana barrier islands have,
and that some of the barrier islands on the Atlantic
5eaboard have.

Secondly, the historical development on the coast
has occurred on the high ground. Until relatively
recently, when all of these dredge and fill operations
in the marshy areas of the cpast happened, our
forefathers, who didn’'t have the money and the equip-
ment to harden up the coast quite so easily, were
gmart encugh to deveiop on the higher ground. Under
modern-day flood hazard ordinances, most lowland
development iz now up on stilts and within their
lifetime — before they either blow over or rot away just
from normal wear and tear — the sea level rise is not
going to have a big impact on those places.

Getting back to my point about natural disasters,
a lot of those places after the next cataclysmic hur-
ricane probably should not be redeveloped. It may be
ultimately cheaper for the federal government and the
local governments 1o come in, simply buy up what’s
left, and put it in the conservation reserve because
it will be more expensive to provide roads, sewer,
water, and other facilities to those areas than it would
be to just to buy soine of the property and walk away
from it. I don’t see the critical problems in this state
that exist in Louisiana where modest changes in sea
level end up making New Orleans a Gulf waterfront
town rather than a riverfrant town. I think the pro-
blems in Alabama are rather similar to ours, with the
exception of the more extensive development that they
have on barrier islands.

In summary, 1 would have to conclude that the
legislative perspective says that we don't need a ma-

jor change in our legal structure in Mississippi to
handle the problems. We have the policy issue about
what we should do about property ownership. We have
the issue of the deprivation of public right-cf-way in
cages where people need that to get aceess to their pro-
perty. We have some minor changes in the various
enabling acts for local zoning, flood plain manage-
ment, and building codes. And we have to be smart
about our public investment decisions,

The legal framework and the institutions that we
have in place are quite capable of handling many of
the problems that will come up. I'm very resistant to
creating new institutions to try to address a problem
that our existing institutions need to handle because
this would do two things: it might create another in-
effective bureaucracy (which we certainly don't need
anymore of in Mississippi), and it also lets existing
agencies off the hook. It is impertant for them, as time
goes by, to evolve and to develop the ability to handle
new problems as they arise.

Again, by my moderation I don't want to suggest
that we don't have a big problem. I think the bigger
problem that we have to concern ourseives with is
reversing the ecological effects that we have created
for curselves by pollution. I don't want for one minute
to try to downplay the importance of addressing that
issue. That gets back to what I said at first, though.
That's one of the causes of the problem of sea level
rise and I was dealing with the effects. I would be
very, very cautious about ever getting so complacent
about our ability to deal with the effects of sea level
rise that we moderate our incentives to do something
about the causes. I think our legal framework and in-
stitutional framework for handling the effects (if we're
smart enough about trying to address the causes) are
largely adequate to handle the problem.



Emergency Preparedness —
Consequences of Sea Level Rise

Wade Guice, Director
Harrison County Civil Defense Council
Harrison County, Mississippi

My job today is to tie emergency preparedness and
our Civil Defense posture into the possible rise of sea
level. The people of the Mississippi Gulf Coast, and
Harrison County in particular, are no strangers to the
effects of hurricanes. We've had our experience with
them over many, many vears. The interesting thing
and this is probably true of most of the coastal areas
is that there is a great deal of real estate that is under
10 feet in elevation. These are very vulnerable areas,
not only on the front beach but along the rivers,
streams, and the estuary.

During the 1915 hurricane, in the brand new har-
bor of Gulfport, there were several seagoing vessels
washed ashore. This was one of our record storms and
it did a great deal of damage. When you devastate a
ghipping port of that nature it’s really quite harmful
to the economy of the Gulf Coast. Highway 90 was
covered with sand after the 1915 storm and washed
out in many areas.

Local government began a study regarding building
a protective seawall along the 28-mile beach to at-
tenuate wave action and the future damage to that
road. This was a tremendous undertaking. World War
I intervened and the project was reinstated after the
war. It was the longest single concrete struciure ever
attempted and consisted of a steel reinforced seawal}
with a basic elevation of 11 feet. This was considered
an engineering wonder of the world and it was final-
ly eompleted in 1927, all with local funds. Then came
the great storm of 1947. This was our record storm
up to that time, the most destructive ever experienced
on this coast, and referred to by the Corps of Engincers
and the Weather Service as a 100-year storm. The
storm resulted in a tide of 12.2 feet and winds of 140
miles an hour. The seawall held with few exceptions.
With the help of the federal government and through
the Corps of Engineers, the county pumped in the
longest man-made beach in the world Lo protect the
seawall that protects the highway. The beach was in-
tended to further attenuate wave action and received
its ultimate test in the 500-year storm of 1969.

Wave action combined with the storm tide is the big
desgtroyer in hurricanes. It is not the wind but the
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water that does most of the damage. The principle
components of a wave are the crest, which is the high
point of the wave, and the trough, which is its low
point. Wave height is the vertical distance from the
trough to the crest and the length is the horizontal
distance between the crests. Of particuiar interest is
the fact that the maximum wave height to length
ratio is equal to 1.3; beyond that steepness ratio, the
wave hegins to break. Only half the wave's height is
above the static water line. For an example, an 8-foot
wave would add 4 feet of additional height above the
static water line and this is one of the big destroyers
in a hurricane or a storm.

You can forecast the height a wave will reach at cer-
tain wind speeds and over certain depths at various
distance of travel called the fetch. The maximum fetch
between the barrier islands and across the Mississip-
pi Sound to the shoreline is 12 miles. For example,
over 20 feet of constant depth at 100 miles an hour,
the wave height would be just over 8 feet. But the
depth in the Mississippi Sound is not constant. The
bottom slopes gradually up tothe beach as is the case
with most of the Gulf coast. The Mississippi coast is
blessed by having a natural barrier of islands rang-
ing from 8 miles to 12 miles offshore. These islands
serve to break up wave action including those
generated by storms, The Mississippt Sound is
relatively shallow, ranging from 18 feet at its deepest
to the graduaily sloping shoreline. The shoreline is
further protected by the sand beach and the seawall.

Based on this information and additional facts, an
example has been prepared of what happens to a wave
as it comes from the Gulf of Mexico across the bar-
rier islands and over the gradually sloping depths of
the sound onto the shoreline. A 12-foot storm tide is
used for this example. As the wave approaches the
shore of the barrier islands the drag of the bottom
slows it down. This shortens the wave length and in-
creases the steepness. When it reaches a water depth
of about twice the wave height, the crest peaks up.
As it reaches a depth of water equal to 1.3 times the
wave height, the wave becomes unstable, collapses,
and spills most of its energy in the turmoil and surf.



As it crosses over the island where the minimum
depth would now be about 9 feet, it reforms into a new
wave while moving out into the deeper waters of the
Mississippi Sound, but this new wave is smaller than
the original wave because of its lost energy. As it
reaches shallow water it again peaks and when it
reaches a depth equal to 1.3 times its height it again
breaks.

Let’s take a look at some of the historical experience
that we've had here on the Mississippi Gulf Coast from
hurricanes. OQur community suffered the most
catastrophic active destruction in the history of the
madern world (as seen through the eyes of the local
government) in 1969. The little city of Pass Christian
received the heaviest damage in 1969 with Hurricane
Camille. The eye was rather small, only 5 miles across,
and the winds extended out about 100 miles in the
northeast quadrant of the hurricane and about 40
miles in the northwest quadrant. Winds of 239 miles
an hour were logged on a vessel that was washed
ashore. The rule of thumb formula the old-timers used
was “for every 10 miles an hour of wind in a hurricane
you can expect a rise in tide of one foot] 5o a 100-mile-
an-hour wind will give you (under the right condi-
tions) a 10-foot tidal surge and that correlates with
the rise we experienced during Camille. The in-
frastructure of the community, of course, was
devastated. There were 6,480 homes totally destroyed.

The population is increasing on the water. People
want to move to the coast. [ have ne problem with
building on the sea, 1 can sit on my gatlery and look
out at the boats going by and it is really a grand way
of life. But I do have a problem building in the sea,
and that is what a lot of our folks are literally doing.
If we have a sea rise there are going to be more hur-
ricanes because the atmosphere is going to be warmer
and that is one of the main ingredients for the crea-
tion of a hurricane. When that huge tidal surge comes
ripping ashore with what we call the “velocity zone”
of that storm, there is just nothing constructed that
is going to be able to withstand damage or destruc-
tion by the water.

I honestly believe that we've become our own worst
enemy in respect to flood insurance. We didn’t have
flood insurance in 1969. You had to “eat” your loss and
a lot of us did. Thank God for floed insurance today,
but what it's doing, I'm afraid, is encouraging people
to build in vulnerable areas. I would hope that some-
day we would just draw the line and say, “look fetlow,
if you want to build from here to the water’s edge that
is fine, go ahead, but you are self-insured” We've gat
to do something about this, folks, and it would seem
to me that the only reasonable thing to do is to build
strong, build back, and build high. Principles of good
management urge the adoption of this course of
action.



Sea Level Rise in Coastal
Alabama and Mississippi

Walter W. Burdin
Coastal Engineer, Planning & Environment Division
Mobile District, U.S. Army Corps of Engineers
Mobile, Alabama

The information presented in this paper was
developed for the Alabama Department of Economic
and Community Affairs, under Section 22, Public Law
93.251. They asked that the U.S. Army Corps of
Engineers (USACE), Mobile District, document any
increase in the level of the Gulf of Mexico associated
with the rise in global sea level and assess its effect
on Coastal Alabama. This paper discusses the data
developed.

Sea Level Rise

“Since the beginning of recorded history, sea level
has changed so slowly that for practical purposes it
has been constant. This has been a fluke of history:
sea level was rising about 3 feet per century from
15000 until 5000 BC” (Titus, James G., 1986).
Authorities disagree whether, during the last 5000
years, sea level rose to about its present level, where
it has remained without significant change, or
whether there have been small ups and downs (Tan-
ner, William F., 1989).

There are two recognized and fairly obvieus com-
ponents of the rise in water level at any location.
Those are

(a) Eustatic, or world-wide, rise in water level, and

(b) Subsidence (or uplift).

Gornitz et al. (1982), studied 193 tide gauge records
worldwide to determine sea level trends for the past
century. They concluded that mean global sea level
rose 12 centimeters (em), about 4.75 inches (in), dur-
ing the century 1880 to 1980. In the Gulf of Mexico,
Gornitz calculated a mean rise of 23 cm, about 9
inches. Since the rise in the Gulf of Mexico is about
twice that for the eustatic rise, it may be that the Gulf
of Mexico basin is subsiding (Germiat and Sharp,
1990). For the purposes of this work, however, there
was no effort to separate these components, since
relative rise in sea level and its possible effects was
the major concern.

There are three long-term tide gauges in this
general vicinity. They are at Biloxi, Mobile, and Pen-
sacola, Florida. The map in Figure 1 shows the

general location of these gauges and Figure 2 shows
their specific sites. The data from these gauges, which
were used in this work are tabulated in the appen-
dix. In addition, data from the gauge at Cedar Keys,
Florida, location map in Figure 3, were used as
representative of open Gulf conditions. There are two
somewhat shorter-term gauges at Dauphin Island,
Alabama. The data from these gauges were not used
in this analysis for reasons discussed below.

Biloxi, Mississippi

The oldest tide gauge in the Mobile District is the
USACE gauge at Biloxi. It was established by the New
Orleans District for the Mississippi River Commission
in 1881 and remained in place until June 1885. The
gauge was originally located on or near the L&N
Railroad bridge across the mouth of Biloxi Bay be-
tween Ocean Springs and Biloxi. It was reestablished
on the L&N bridge in October 1895, probably at the
original location (Miller, John, Chief, Water Collec-
tion Unit Hydraulics Branch, New Orleans District,
US. Army Corps of Engineers, personal com-
munication).

The gauge remained on the L&N bridge until Oc-
tober 1938, when it was moved about 4,000 feet south
to the Highway 90 bridge, also between Ocean Springs
and Biloxi. The old gauge remained in service until
the new recorder was correctly adjusted. Although the
original highway bridge has been replaced by a newer
one, the gauge is still in place on the old structure,
which is now in use as a fishing pier. The Mobile
District assumed responsibility for the gauge m
September 1983 and has operated it since. The data
from this gauge are essentially continuous from 1896
until the present. There have been periods, however,
where a full year of data was not gathered. Those
vears with partial data are shown in the tabulation.
The annual means computed for years with partial
data were within the general variability range of the
data set, so they were used in the analysis. It may be,
however, that some seasonable effects were lost.

The annual means from the Biloxi data are plotted



on Figure 4. A 5-year moving average was computed
88 a smoothing function and is shown. The annual
mean for 1973 appears to be an anomaly since it lies
far outside the normal range of the data and no other
gauge in this area recorded a mean that high. Records
show major floods on regional waterways during the
period the high was recorded and it seemed probable
that we were observing a record flood (or floods),
rather than a record tide (or tides). To be comprehen-
sive, that point was shown, however, that single datum
was omitted from the regression analysis. The means
for the 3 years before 1896 were also included in the
regression analysis, but were omitted from the plot-
ted line. That first analysis used 96 years of data and
the least squares straight line shown is the result. It
has an X coefficient of 0.005806, which was rounded
to 0.006. That coefficient is the slope of the line and
is equivalent to a rate of rise of 0.006 feet/year (ft/yr).

These data were further analyzed by 4 statistician

presently attached to our staff. Her analysis indicated
that the line showed a good time-correlated fit. She
also found that nine data points were extremes. If
these points are omitted and the remaining 87 points
reanalyzed, a slightly better fit can be obtained. But
it was not certain these points could be omitted, and
a reasonable rounding resulted in the same rate of
rise from either equation, therefore, the first equation
was retained and is the one shown,

Mobile, Alabama

The USACE gauge for Mobile is located on Pier A
South at the Alabama State Docks, about 2% miles
above the mouth of the Mobile River. This gauge was
established in August 1940 and has been in con-
tinuous operation since that date.

The annual means for the gauge at Mobile are plot-
ted on Figure 5, with the 5-year moving average add-
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od. The equation for the straight line is shown. The
X coefficient (and rate of rise) for that line is 0.006077
which was rounded to 0.005 ftiyr.

Pensacola, Florida

The National Ocean Service {NOS), National
Oceanographic and Atmospheric Administration
(NOAA), gauge is located on the northwest side near
the end of the municipal pier in Pensacola. 1t has been
in operation since 1924.

The annual means for the Pensacola gauge are plot-
ted on Figure 6 along with the 5-year moving average.
The straight line has an X coefficient of 0.007464,
rounded to 0.0075 ft/yr for rate of rise.

Cedar Keys, Florida

According to NOS, the NOAA gauge at Cedar Keys
is one of two in the northern Gulf on open water. (The
other, at Freeport, Texas, about 42 miles southwest

of Galveston, showed a higher rate of rise than the
other gauges, and was judged by the writer to be in-
fluenced by local subsidence.) The gauge at Cedar
Keys was first established in 1915 and was in service
until 1924. It was reestablished in 1939 and has been
in service since.

The data for Cedar Keys are plotted on Figure 7.
The 5-year moving average was plotted for each of the
two data segments but the gap was omitted for the
regression analysis. The coefficient obtained was
0.005810 which was rounded to (.006 ft/yr for rate of
rise.

Dauphin Island, Alabama (NOAA)

This gauge was established in 1966 and is still in
service. It is on the end of the fishing pier near Fort
Gaines on the eastern end of the island. This places
it in the mouth of Mobile Bay. Probably because of
the increased exposure here, it has often heen out of
service for periods long enough to make the data dif-
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ficult to work with for an analysis such as this one
and, therefore, those data were not used.

Dauphin Istand, Alabama (USACE)

This gauge was established in 1963 and has been
in continuous service since. It is on the end of the
Alabama Marine Lab pier inside Dauphin Island Bay.
Experience has shown that the gauge is heavily in-
fluenced by local conditions and, therefore, these data
were niot used.

An NOS representative suggested that it might be
interesting to compare the data variances for the long-
term gauges. Based on that analysis, we can say that,
for the Mobile and Biloxi gauges for the period 1940
through 1989, the samples were drawn from popula-
tions with equal means. Put another way, for 95 per-
cent of the time, samples drawn from either
population will show no significant difference. We can
algo infer that, were the Mobile gauge as old as the
Biloxi gauge, it would show essentially the same rate
of rise. We can make a similar statement for the Pen-
gacola and Cedar Keys gauges. Based on the sample
evidence, ie, data from the 1940-1989 period, the
Mobile and Cedar Keys gauge readings show very
significant differences. These differences are probably
caused by some other influence that just mere chance.
Tt is interesting to note that the data from Gornitz
(1882) yield a rise in the Gulf of Mexico that coincides
with that found at the Pensacola gauge.

Discussion of Rounding

Tide elevations are accurately recorded to the
nearest 0.01 foot (about 0.12 inch or 3.05 mm). The
gauge data does not, at least to this writer, justify the
number of decimal places resulting from the
mathematics of the regression analyses, and the X
coefficients were, therefore, rounded to three decimal
places, still one more that justified by the si gnificant
figures of the gauge data. We can conclude that, on
the average, the relative rate of rise in the Gulf of Mex-
ico and the coastal waters of Alabama and Mississip-
pi is between 0.005 and 0.007 foot per year. Over the
long-term, and probably more accurately, water levels
in this area have risen between 0.5 to 0.75 foot in the
last century.

Since a variety of units have been used in other
works, for convenient comparison, Table 1 shows the
information developed for this work converted to units
used in other papers and reports.

As a result of the recent interest in sea level rise
and its relation to the “greenhouse effect,” there has
been much activity in this field. Several works
(Ramsey et al., 1989, NRC Committee Report, 1987
have discussed the problems with tide gauge data,
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Table 1. Tabulated rates of rise.

Station ftyr iniyr cm/yr mm/yr
Biloxi, MS 0.006 0.07 0.18 1.80
Mbobile, AL 0.005 0.06 0.15 1.55
Pensacola, FL 0.0075 0.09 0.23 2.28
Cedar Keys, FL Q.006 0.47 0.18 1.77

concluded that these records include a lot of “noise,”
and that “noise” includes considerable local effects. It
has been shown that these local effects increase for
gauge locations further inside bays, or, put another
way, as the distance from the gauge to the open gulf
increases. Unfortunately, the long-term data for this
vieinity comes from gages that are well within bays.
As a result, the data and their interpretation are sub-
ject to argument. Satellite altimetry may resolve
these problems (Workshop on Sea Level Rise, Palm
Coast, FL, 1988).

Funmure Sea Level Rise

The availabie records are very “noisy” and probably
do not cover an adequate period for accurate predic-
tions. There is a clear need for additional study with
more accurate ebservations. However, there have been
several scenarios on sea level rise developed (USEPA
1987, NRC Committee 1987). The lowest of these pro-
jects a eustatic rise of 0.5 meter (about 1.6 feet or
almost 20 inches) by the year 2100. The highest
estimate is for 368 em, 3.7 meters (about 12 feet) for
the same period. Of course, any effects of local sub-
sidence must be added to the eustatic rise.

Future projections of sea level rise have been based
on the well-documented rise in mean global
temperature since about 1885, shown on Figure 8
(Hansen and Lebedeff 1988). Whether this effect is
due to greenhouse warming is still open to debate. In
addition, global temperature seems {0 have stabiliz-
ed, possibly temporarily, around 1980. Complicating
the picture still further, the mean temperature for the
continental United States for the same period is essen-
tially unchanged, and that for the southeastern us
has declined (Virginia State Climatology Office, 19901
If, however, global temperature resumes its increase,
which seems likely, it would be reasonable to agsume
that sea level would continue to rise also.

Recommendation

Clearly there presently is not enough information
to predict accurately any future rise in sea level
generally or in the Gulf of Mexico specifically. There
has been, however, a definite increase in Gulf lavel
during recent time. It seems probable that this is
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Figure 8. Mean global surface air temperature change over the last century.

evidence of a longterm trend that will continue.
Therefore, it would be prudent for the states of
Alabama and Mississippi to begin planning for the
effects of a possible rise in Gulf level of several feet
within the next century. The writer strongly recom-
mends that these states, as an absclute minimum,
plan for the consequences of a rise in Gulf leve! of at
least one foot in the next century.

Bibliography

— 1988 Workshop on Sea Level Rise and Coastal
Processes, Palm Coast Florida, March 3-11, 1988, Mehta, Ashish
J., and Cushman, Robert M., Editors, Prepared for the United
States Department of Energy under Contract No.
De-ACO5-B40R21400.

. 1990. Virginia Climate Advisory, Virginia
State Climatology Office, University of Virginia, 14:2,

. 1987, Responding to Changes in Sea Level—
Engineering Implications, Dean, Robert G. ichairman). National
Research Council Committee on Engineering Implications of
Chznges in Relative Mean Sea Level, Washington, DC.

. 1988, Workahop on Sea Leve! Rise and Coastal
Processes, Palm Coast Florida, March 311, 1988. Mehta, Ashish
J., and Robert M. Cushman, Editors. Prepared for the United
States Department of Energy under Contract No.
De-AC05-840R21400.

. 1987, Greenhouse Effect, Sea Level Rise and
Coastal Wetlands, Titus, James G. (ed.). U8 Environmental Pro-
tection Agency, Washingten, DC, 1987,

Bruun, Per. 1962. Sea-Level Rise as a Cause of Shore Erosion. Jour-
nal of the Waterways and Harbors Division, Proceedings of the
American Society of Civil Engineers 88:1, February, 1962,

Germiat, Steven J., and John M. Sharp, Jr., 1990. Assesament of
Future Coast Land Loss Aleng the Upper Texas Gulf Coast to
the Year 2050. Bulletin of the Association of Engineering
Geologists, Vol. XVIII, Na. 1, August 1990

Gornitz, V., et al. 1982. Global Sea Level Trend in the Past Cen-
Lury. Science 215:26. March 1982,

Hansen, James, and Sergej Lebedeff, 1988, Global Surface Air
Temperatures: Update through 1987, Geophysical Research Let-
ters 15:4, 323-326, April 1988.

Mehta, Ashish J. 1990. Significance of Bay Superelevation in
Measurement of Sea Level Change Journal of Coastal Research,
Summer 1990,

Penland, Shea, et al. 1988, Relative Sea Level Rise and Delta-Plain
Development in the Terrebonne Parish Region. Coastal Geology
Technical Repart No. 4, Louisiana Geological Survey.

Penland, Shea, and Karen E. Ramsey. Relative Sea Level Rige in
Louisiana and the Gulf of Mexico: 1908-1988. The Journa} of
Coastal Research 6(2x323 (reprint) Spring 1990,

Penland, Shea, et al. 1989. Relative Sea Level Rize and Subzidence
in Louisians and the Gulf of Merica. Coastal Geology Technical
Report No. 3, Louisiana Geological Survey.



Ramsey, Karen E., and Shea Penland. 1989, Sea Level Rise and Each of the shove references containg a bibliography or series

Subsidence in Louisiana and the Gulf of Mexico. Transactions- of footnotes. The dedicated vesearcher is also referred to:
Gulf Coust Association of Geolagical Societies Volume XXXIX,
(reprint). Ligle, Lorance Dix. 1982. Annotated Bibliography of Sea Level
Tanner, William F. 1989. New Light on Sea Level Change. Coastal Changes along the Atlantic and Gulf Consts of North America,
Research, March 1989, Shore and Beach, July 1982,
Titus, James G. 1986. Greenhouse Effect, Sea Level Rize, and
Coastal Zene Management. Coastal Zone Management Jour- This bibliagraphy lists a total of 200 references pertaining 1o sea
nal 14:3. level rise
APPENDIX
Data from Gulf of Mexico tide guages
. . . e s . 1975 B 0.65
Biloxi, Mississippi 1932 12 0.30 1976 10 0.29
1933 12 0.60 1977 7 0.67
v R;lcort:led An[;léM:;m 1934 12 0.26 1978 8 0.44
ear onths v 1935 11 0.35 1979 10 0.38
1882 0.06 1936 12 0.37 1880 12 ¢.30
1884 -0.04 1937 12 0.33 1981 12 0.38
1885 -0.35 1938 12 0.32 1882 11 0.50
1886 -0.01 1939 12 0.32 1983 7 0.65
1897 0.02 1940 12 0.17 1984 11 0.55
1898 -0.01 1941 12 0.33 1985 12 0.92
1899 -0.01 1942 12 0.35 1086 12 0.85
1500 0.04 1943 12 0.41 1987 12 0.78
1901 -0.05 1944 12 0.55 1988 12 0.64
1902 0.04 1945 12 0.53 1989 12 0.75
1903 0.05 1946 12 0.60
1504 0.08 1947 9 0.46
1905 0.04 1948 12 0.66
1332 'g»‘;; ig;g :3 g-gg Alabama State Docks
1908 0.15 1951 12 0.39 Mobile, Alabama
1010 bor  low 12 019 Recorded  Ann, Mean
’ ) Year Months NGVD
1911 0.11 1954 12 0.32
1912 0.21 1955 12 0.40 1340 4 0.13
1913 0.26 1056 12 0.24 1941 12 0.14
1914 0.08 1957 12 0.40 1942 12 .15
1915 -0.13 1958 12 0.41 1943 12 0.27
1916 0.18 1959 11 042 1944 12 0.41
1917 -0.05 1960 12 0.34 1945 12 0.37
1918 0.11 1961 12 0.52 1846 12 0.53
191% 0.32 1962 12 0.22 1947 12 0.43
1920 0.23 1963 12 0.22 1948 12 0.64
1821 0.20 1964 12 0.41 1949 12 0.57
1922 0.39 1965 12 0.54 1950 12 (.42
1623 041 1966 12 (.49 1951 12 0.33
1924 0.08 1967 12 0.41 1952 12 0.18
1925 0.13 1968 12 0.35 1953 12 (.33
1926 0.10 1969 7 0.49 1954 12 0.21
1927 0.28 1970 10 0.76 1955 12 034
1928 12 0.14 1971 12 0,51 1956 12 0.34
1929 12 0.45 1972 i2 0.71 1957 12 0.54
1930 12 0.24 1973 11 1.35 1958 12 0.39
1931 12 (.05 1974 11 0.72 195% 12 0.41



1960
1961
1962
1963

1965
1966
1867
1968
1969
1870
1871
1972
1973
1974
1876
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1588
1989

0.41
0.59
0.35
0.19
0.34
0.41
0.38
0.50
0.26
0.37
0.36
0.49
0.62
0.74
0.59

0.38
0.58
0.46
0.66
0.56
0.37
048
0.71
0.58
0.46
0.46
0.44
0.34
0.51

Pensacola, Florida

Recorded Ann. Mean
Year Months NGVD
1923 8 0.26
1924 12 -0.14
1925 12 -0.06
1926 12 -0.01
1827 12 0.03
1928 12 -0.02
1929 12 0.26
1930 12 -0.05
1931 12 -0.12
1932 12 0.10
1933 12 0.23
1934 12 -0.03
1935 11 0.04
1936 12 0.12
1937 12 0.22
1938 12 D.14
1939 12 0.1%
1940 12 0.05
1941 12 0.15
1942 12 0.19
1943 12 0.25
1944 12 0.32
1945 12 0.27

1946 12 0.39
1947 12 0.37
1948 12 0.53
1949 12 0.39
1950 12 0.33
1951 12 022
1952 12 0.22
1953 12 0.28
1954 12 0.17
1955 12 0.24
1056 12 0.19
1957 12 0.42
1958 12 0.31
1859 12 038
1960 12 0.34
1961 12 0.45
1562 12 027
1963 12 0.13
1964 12 0.19
1965 12 0.38
1966 12 .25
1967 12 0.36
1968 12 0.13
1969 12 0.25
1970 12 0.38
1971 12 0.37
1872 12 0.49
1973 12 0.62
1974 12 0.48
1975 12 0.72
1976 12 0.31
1977 12 0.40
1878 i2 0.37
1979 12 047
1980 12 0.36
1331 12 0.33
1982 12 0.40
1983 12 0.56
1984 12 0.52
1885 12 0.54
1986 12 0.54
1987 12 0.43
1988 12 0.32

Note: The above information was computed
using data from “Sea Level Variations for
the United States 1855-1966," published by
NOS, NOAA A gauge zero of £.54 feet and
data for years after 1986 was obtained from
NO3 by telephone.

Cedar Keys, Florida

Recorded Ann. Mean
Year Months NGVD
1814 9 0.09
1915 12 -0.92
1816 12 -0.04
1917 12 -0.05
1918 12 0.00

1919 12 0.05
1920 12 -0.05
1921 12 0.09
1922 12 0.05
1923 12 -0.12
1924 12 0.01
1939 12 0.13
1940 12 0.05
1941 12 0.21
1942 12 0.18
1943 12 024
1944 12 0.17
1945 12 0.19
1946 12 0.31
1947 12 0.32
1948 12 0.49
1949 12 0.42
1950 12 0.28
1951 12 0.25
1952 12 0.21
1953 12 0.28
1954 12 0.21
1955 12 0.25
1066 12 0.21
1957 12 0.44
1958 12 0.29
1959 12 0.31
1960 12 0.31
1961 12 0.40
1962 12 029
1963 12 0.14
1964 12 0.11
1965 12 0.29
1966 12 0.25
1967 12 0.33
1968 12 0.15
1969 12 0.28
1970 12 0.41
1971 12 0.36
1972 12 0.45
1973 12 1.53
1974 12 0.42
1975 12 0.55
1976 12 0.21
1977 12 0.31
1978 12 0.32
1973 12 0.35
1980 12 0.36
1981 12 0.26
1982 12 0.31
1983 12 0.44
1984 6 041
1985 10 0.37
1986 11 046
1989 12 0.38

Note: The above information was computed
using data from “Sea Level VYariations for
the United States 1855-1986," published by
NOS, KOAA. A gauge zero of -3.38 feet and
data for years after 1986 were obtained from
NOS by telephone.



Effects of Sea Level Change on the
Barrier Islands and Inlets

James B. Rucker
University of New Orleans
Center for Research in Ocean and Space Sciences
New Orleans, Louisiana

Abstract

The Mississippi-Alabama barrier islands are low elongated bodies of sand that
separate the Mississippi Sound from the Gulf of Mexico. Four shallow tidal passes
between the five islands allow communication between the marine waters of the Gulf
of Mexico and the brackish waters of the Mississippi Sound. The passes are relative-
ly wide (5.6 to 9.3 km.) low areas in the barrier island platform that extends from
Dauphin Island on the east to Cat Island on the west. The water depth in the passes
is generally less than 4.5 meters, except in the pass channels, which are cut up to
14 meters into the barrier platform.

The barrier islands are migrating westward due to the east to west littoral drift.
The down-drift islands are relatively sediment-starved due to sediment losses in the
island passes, weakening of the littoral drift system to the west, and reduction of
available sediment. These processes are presently causing sediment starvation along
the barrier islands and will be aggravated by an increase in the rate of sea level rise.

Relative sea level changes based on tide gauge records along the Mississippi-
Alabama segment of the US. continental coastline is about 0.16 meter/century.
However, the warming effects of increased atmospheric carbon dioxide and other trace
greenhouse gases may substantially increase the rate of sea level rise. Scenarios by
several investigators estimate eustatic increases of sea levels in the range of 0.5 to
1.5 meters by the year 2100. If these prove correct, the Mississippi-Alabama barrier
island chain could be reduced to a sandy shoal within the next century.

Introduction

Recent scientific evidence indicates that the at-
mospheric concentrations of various gases, known col-
lectively as greenhouse gases, have been increasing
worldwide. These gases include carben dioxide,
chlorofluorocarbons, methane, and nitrous axide. Ex-
perts believe that an increase in these gases has
t}aused a decline in the stratospheric ozone and a rise
in global temperatures. Continued warming of the at-
mosphere will have significant global effects, in-
cluding a general rise in the level of the oceans.
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Presently, one cannot know with precision the
future rate of sea level rise. Agencies such as the En-
vironmental Protection Agency, the Mational Oceanic
and Atmospheric Adrpinistration, and the Marine
Board of the National Research Council have con-
ducied studies and reviews to assess the potential con-
sequences of the anticipated increased rate of rise in
worldwide sea level. Estimates of the eustalic sea level
rise scenarios differ greatly. Several estimates are
compared in Figure 1. which is taken from the 1987
study of the Marine Board of the National Research
Council. Because the rate of future sea level rise is




uncertain, the Marine Board examined three possi-
ble eustatic sea level rise scenarios with sea level rises
of 0.5, 1.0, and 1.5 meters (m} by the year 2100.

It is interesting to speculate on the potential im-
plications of sea level rise and its effects on the coastal
areas of Mississippi and Alabama at the end of the
next century. The effects would be profound along the
low segments of the Misaissippi-Alabama coast. A one
meter rise in sea level would flood lowlying en-
vironments along the coastal bays and estuaries, in-
creasing the area of the Mississippi Sound and its
estuaries by as much as 10 to 15 percent. Additional-
ly, it is likely that the protective barrier island chain
that separates the Mississippi Sound from the Gulf
of Mexico would be substantially reduced or destroyed
due to the combined effects of increased erosion and
sediment starvation,

Holocene Sea Level Changes

During early Holocene time, that portion of the
coastal plain now submerged by Mississippi Sound
was crossed by rivers and streams as they flowed
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Figure 1. Estimates of local relative sea leve) changes
along the U.8. coastline. Figures are in mm/year and
are based on tide gauge data over various time inter

val during the 1940 to 1980 period. Adapied from
Stevenson et al. (1986),

toward the Gulf shoreline, which was well seaward of
the present Mississippi-Alabama barrier islangd
system. As sea level rose in response to the melting
of the Pleistocene ice sheets during the most recent,
transgression of the sea (20,000 to 5,000 years BR
the courses of the rivers and streams filled and were
buried beneath Holocene sediments of MiSSiSSippi
Sound (Frazier, 1974). About 5,000 years ago, the rapid
rate of sea level rise slowed and the modern shorelines
and estuaries began to take their present shape (Fajr-
bridge, 1980),

Alluvial sediments, which were deposited across the
continental shelf during the period of lowered ey
level, were winnowed and reworked into the
Mississippi-Alabama barrier island complex during
the Holocene post-glacial rise of sea level. Although
the fluctuation during the past several thousand years
remains in debate, it is believed that sea level began
to slow its rate of rise between 5,000 and 3,000 years
ago, and stabilized near its present level. Work by
Stapor and Tanner (1877) and Tanner et al. (1989) at
St. Vincent Island, Florida, suggests that, along this
relatively stable shoreline, sea level has fluctuated
within only one meter or so during the past 5,000
years.

Based on an analysis of tide gauge records by Hicks
et al. (1983} and subsequent refinements by Steven-
son et al. (1986) it appears that the relative sea level
rise along the Mississippi-Alabama coast is about 1.6
millimeters per year or 0.16 meter per century (Figure
2). However, historical trend analysis for estimating
future sea level rise is uncertain, due to the predicted
acceleration in the rate of sea level rise as a conse-
quence of man’s activities.

Mississippi-Alabama Barrier
Islands and Passes

Five barrier islands located 10 to 14 miles (16 to 23
kilometers) offshore along the Mississippi-Alabama
coast separate Mississippi Sound from the Gulf of
Mexico. The islands are low sand bodies situated on
a relatively broad Holocene sand platform that ex-
tends 70 miles (113 kilometers) from Dauphin Island
on the east to Cat Island on the west. The platform
varies in thickness from 25 to 75 feet (7.6 to 23 meters!
and rests on Holocene marine clays or on Pleistocene
sediments. The barrier islands are nourished chiefly
by litteral drift from shelf sands seaward of the
islands’ sand sources 1o the east. The barrier island
chain predates the St. Bernard Iobe of the Mississip-
Pi Delta complex, which began to prograde about
3,000 years ago and continued until jt was abandon-
ed approximately 1,500 years ago.
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Range of eustatic sea level rise scenarios by various investigators reflect the present imprecision and

uncertainties in estimating the rate of future sea level rise. Taken from the National Research Council Committee
on Engineering Implications of Changes in Relative Mean Sea Level report (1887).

Four shallow tidal passes between the islands allow
eommunication between the marine waters of the Gulf
of Mexico and the brackish waters of the Mississippi
Sound. The four tidal passes from east to west are:
Petit Boia Pass, Horn Island Pass, Dog Keys Pass, and
Ship Island Pass. The tidal passes are 3.5- to 5.8-mile
(5.6- to 9.3-km) wide low areas in the Holocene bar-
rier island platform (Figure 3).

The water depth in the passes is generally less than
15 feet (4.6 meters), except in the pass channels where
stronger tidal currents have cut into the sand barrier
platform. Each pass has one or two tidal channels.
Presently the maximum depths in the channels range
from 46 feet {14 meters) in Horn Island Pass to 23 feet
(7 meters) in Petit Bois Isiand Pass. Due to the water
depths in the tidal channels, the nearly full thickness
of the Holacene island platform east of Cat Island has
likely been reworked during the migration of the
islands and tidal passes.

In contrast to the other islands, Cat Island at the
western down-drift end of the Mississippi-Alabama
barrier island chain, is interpreted to be a relict of
an earlier stage in the life cycle of the barrier plat-
form when there was a more robust littoral drift
system and an abundant sediment supply. During the
pre-St. Bernard Delta period of vigorous sedimenta-
tion, all of the islands in the barrier chain probably
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exhibited progradational ridges similar o those now
found only on Cat Island.

Unlike Cat Island, which has been protected and
preserved by the St. Bernard Delta, the other barrier
islands have been modified and reworked during the
past 1,500 years by processes of island and tidal inlet
migration, accompanied by a general weakening of
the littoral drift and a reduction of the available sedi-
ment supply.

Littoral Drift

The direction of net littoral drift along the islands
is from the east to the west in response to prevailing
wind and wave patterns out of the southeast
(Eleuterins and Beaugez, 1979). The sediments that
nourish the barrier island chain are attributed to
longshore sand transport from updrift beaches east
of Mobile Point along the eastern Alabama-Florida
shores. Onshore movement of sediment from the con-
tinental shelf may contribute to the littoral sand
transport budget of the barrier islands (Foxworth, et
al.. 1962; Otvos, 1970). Coniributions to the barrier
islands sediment budget from the Mobile River system
are believed to be relatively modest since much of the
sand-size material being delivered to Mebile Bay is




being deposited and incorporated into the prograding
Mobile River delta complex in the upper reaches of
the Bay (Ryan and Goodell, 1972).

The amount of sediment entrained in the littoral
system along these Gulf Coast barrier islands is not
known with confidence. However, estimates by Gar-
cia (1977) place the total net littoral transport at
Dauphin Island, the eastern most island in the chain,
to be about 150,000 m3f4r (196,000 yd¥yr). This
estimnate is in good agreement with earlier estimates
by Gorsline (1966) for the beaches of the West Florida
Gulf coaat, and Johnsan (1958} for the net littoral drift
at Perdido Pass at the Florida-Alabama border.

The net littoral drift along the other izslands of the
Mississippi-Alabama chain has not been determined.
Neither the amount of sediment lost from the Littoral
gystem in the inlets, nor the sediment gained from off-
shore sources are known. However, in all likelihood,
the western islands are presently sediment-starved
and any westward island growth is in part at the ex-

pense of cannibalization of sediment from the eastern
end of the islands. Field observations at Ship Esland
tend to confirm the observation that the western por-
tion of the island chain is receiving very little sedi-
ment and is eroding at a rapid rate. Shoreline position
and change along Gulf barrier islands, based on data
from charts and aerial imagery, have been carefully
compared by Shabica et al. (1984). They have found
that over the past several decades westward prograda-
tion is at a meager rate of 1.4 meters per year at West
Ship Island, compared to westward growth rates of 4.6
meters per year for Horn and Petit Bois Islands.
Dauphin Island, at the eastern end of the barrier
chain, has a westward growth rate of 7.4 meters per
year.

Island and Inlet Migration

The original passes and tidal channels likely formed
by storm action cutting through low portions along
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the barrier island platform. Once established the
channels were deepened by tidal currents until
equilibrium was reached. At the same time passes and
the tidal channels migrated down-drift in response to
up-drift island accretion and sediment filling of the
inlet channels. As the barrier island passes migrate,
large volumes of sand are commonly left behind,
stored within tidal ebb and flood structures.

The Dog Keys Pass has two channels which give rise
to an episodic westward migration of Horn Island. The
western end of Horn Island pauses as it fills one chan-
nel and a secondary channel develops. Once the chan-
nel is filled the island then migrates rapidly across
the interchannel shoal to position of the more western
channel, and the process is repeated. The channels
and shoals in the Dog Keys Pass, as well as island
migration, are clearly illustrated when the
hathymetric and shoreline charts of the pass are com-
pared. The first detailed survey in 1854, shows several
amall keys on the shoal extending eastward from East
Point of Ship Island and a single tidal channel bet-
ween Ship and Horn Islands. The 1917 survey shows
the westward migration of Horn Island and the
development of a secondary channel. The 1970 survey

shows continued westward migration of Horn Island
and erosion of the east end of Ship Island (Figure 4).

Along the length of Horn Island, is a series of three
gets of distinctive lineations recurved toward the
Mississippi Sound side of the island. At the locations
of the recurved lineations, the shoreline on the Sound
side of the island exhibits a slight offset. The western
set of recurved ridges coincides with the 1854
shoreline position. An examination of the patterns of
the ridges on aeria) photos reveals that these offsets
correspond to positions where the island apparently
paused for a period of time in the course of its general
migration to the west. Shoals and lobes of sand, com-
monly found on the north Sound side of Horn Island
are interpreted to be the remains of flood tidal struc-
tures that mark former tidal inlet positions (Figure 5.

Pre-St. Bernard Delta Period
of Island Progradation

The bold progradational ridge system of Cat Island,
located at the western down-drift end of the
Mississippi-Alabama barrier island complex, is
unique. This system predates the eastward prograda-

1854

N ———
Figure 4. Comparisen of bathymetry and {-
shoreline configuration during surveys in 1854, |/
1817, and 1970 shows the episodic migration of
Horn Island to the west, and the development |3 .
of “Little Dog Keys” a secondary channel |/
which is first evident on the 1917 chari. On the
1970 chart the continued deepening of the
secondary channel is evident, and Horn Island
ia somewhat slowed as the primary “Dog Keys”
channel Is receiving much of the littoral
sediment.
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tion of the St Bernard Delta 3.000 to 1.500 .
) " DU years ago, Effects of Sea Level Rise
amd appears to be a relict of a pre-St Bernard Delta

period of robust sediment availability and transport The Mississippi-Alabama barrier islands are
(Rucker m.‘d Snowden, 1989). The nearest prominent already in a sediment starved condition. The com-
progradational ridges similar to those of Cat Island bined influence of effects induced by the sea level rise

are f_'ound 80 miles (130 kilometers) to the east of could reduce the island to a shoal during the coming
Mobile Bay on the Fort Morgan Peninsula near little century. Among the most important effects, are

Point Clear. shoreline recession, due to erosion, to reach a new

i is likely that sediments were abundantly equilibrium profile at a higher sea level; island ero-
available during the Pre-St. Bernard Delta period sion and wash-over due to the influence of increased
from alluvial sediments spread across the continen- cyclonic storm activity; and the widening of tidal
tal shelf during the Pleistocene period of lower sea passes to the Mississippi Sound as a result of adjust-
levels. During this period the other barrier islands of ment to an increased tidal prism.

the Mississippi-Alabama complex may have exhibited
the robust ridges and swales now characteristic only

horeline R ;
of Cat Island and the Fort Morgan Peninsula. Shoreline Recession

The forested ridges of the Mississippi-Alabama bar- The shoreline on the Mississippi-Alabama barrier
rier islands to the east of Cat Island are not character- islands will be displaced vertically by an amount
ized by the Cat Island type of bold parallel ridge equal to the anticipated rise in sea level. Horizontal
system: they are not as sharply defined and general- recession of the shoreline can be approximated by the
1y not as continuous. Progradational ridge sets similar “Bruun Rule” Bruun (1962) formulated the principles
to those preserved on Cat Island, that may have once that describe the relationship between rise in sea level
existed on the other Mississippi-Alabama barrier and shoreline erosion. Beaches are in equilibrium
islands, have subsequently been reworked by episodic with the processes at work on them. They respond to
inlet and channel migration during the post-St. Ber- a sea level rise by erosion on the emerged portion of
nard Delta period. the shoreline and retreat of the beach. The material
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Figure 5. OQutline of Horn Island showing sand shoals geperally shallower than 12 feet. The sand shoals on the
sound side of the island, and the recurved surface ridge lineations msfrk posit'ion-s of the m]et and the west end
of Horn Island during its episodic migration westward. Baset_l on the distance the island has migrated since 1854,
it is likely that the entire island has been reworked by inlet migration during the past 600-700 years. From Rucker

and Snowden (1990}.
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of the “Bruun Rule” A rise in sea level (s) will result
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in bheach recession (R) is equal to the sediment
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removed during shoreline retreat will be redeposited
on the adjacent inner shelf. This is a cross-shoreline
two-dimensional model which balances quantities of
sediment eroded from the shore and deposited on the
sea floor (Figure 6).

Bruun (1962) found good agreement along the
southeastern coast of Florida between the predicted
and actual erosion, in which the distance of shoreline
recession was about 100 times the vertical sea level
rise. The “Bruun Rule” was verified by Schwartz (1965)
in small seale wave tank tests, and was verified in the
field by Hands (1976) in the Great Lakes.

Some of the limitations of a two-dimensional model
and difficulties in defining boundary conditions is
discussed by Brunn (1986). While in practice it may
be difficult to confirm and quantify the model boun-
daries, especially in light of shorter-term profile ad-
justments by ftides and coastal storms, it is
nevertheless a useful concept with which to
demonstrate the shoreline recession that will take
place along the barrier island chain as a consequence
of sea level rise. The narrowing of the islands will
make them even more vulnerable to the destructive
effects of storms and hurricanes.

Storm Effects

Tropical cyclonic storms and hurricanes have long
affected the barrier islands of the Guif Coast. For ex-
ample it is believed that the separation of Petit Bois

a3

Island from Dauphin Island was probably storm-
induced. The separation of the islands occurred after
1732, when the French mapped only a single island,
but well before the area was first surveyed by the U.S.
Coast Survey in 1848, Based on a comparative study
of early charts in the area, Hardin et al. (1976) have
documented the subsequent westward migration of
Petit Bois Island and bathymetric changes in Petit
Bois Pass.

Other Mississippi-Alabama barrier islands have
been breached during storms in the historic past.
However, these cuts have not generally developed in-
to passes but have usually filled within a few years
or decades after their formation. For example, a 1916
hurricane produced a shoal across the narrow neck
of Dauphin Island, dividing it into two segments. The
breach was completely filled with sediment by 1948
(Hardin et al., 1976). Ship Island was breached by a
1947 hurricane. This breach was filled by the late
1950°s. The island was again breached by Hurricane
Camille in August 1969. This cut has not yet heen
filled in the 21 years since the hurricane. Knowles and
Rosati (1989) report that Camille Cut is now well-
developed and East and West Ship Islands are func-
tioning as separate and distinct barrier islands.

The western portion of Dauphin Island, which nar-
rows to 650 to 980 feet, is commonly washed over dur-
ing major storms and it is certain to be an early
casualty to rising sea level. When the width of an
island becomes sufficiently narrow, it is washed over
by storms with regularity and tends to “roll over” and
migrate landward. Eventually the island is either
reduced to a shoal or may weld itself upon the
mainland. This phenomena has been documented in
detail by Leatherman (1384) an Assateague Island,
Maryland.

During the 82-year period between 1839 through
1980, a total of 16 hurricanes have crossed the
Mississippi-Alabama coast (Neumann et al., 1885).
Nine of these have been major hurricanes (Category
= 3). It is expected that during the next century there
will be increased storm and hurricane activity (de
Sylva, 1986). Increasingly high air temperatures
caused by the greenhouse gases will increase the
temperature of the sea surface. A surface temperature
of at least 26.8°C (T7°F) is required to fuel the genera-
tien of a tropical cyclenic storm (Wendland, 18774

Mississippi-Alabama coastal areas can expect an in-
crease in frequency and intensity of tropical cyclones,
as well an increase in the length of the hurricane
season, due to the increase in sea surface
temperatures anticipated during the coming century.
Storm surges of rising water resulting accompanying
the landward movement of a cyclonic storm will in-
crease in frequency and severity, causing an accelera-
tion of barrier island erosion and breaching




Tidal Response

Mississippi Sound is classified as a microtidal
estuary since its diurnal tidal range is only about 1.7
feet (0.52 meter). The Mississippi Sound estuary has
an area of approximately 1,850 square miles (4,790
square kilometers). Even though the tidal range i8
small, because of the large area of the estuary, it has
& large tidal prism. A tidal prism of 4.32 x 10'¢ cubic
feet has been calculated for Mississippi Sound (Na-
tional Oceanic and Atmospheric Administration,
1985). Thus, a relatively large volume of water moves
daily in and out of Mississippi Sound through the bar-
rier island passes.

The tidal currents generated by the movement of
this volume of water results in a comparatively strong
current in the channels of the island passes. Winds
across the Sound cause a setup or drawdown of the
tides dependant on the wind direction and strength.
Current speeds in the passes commonly range from
0 to 3.0 feetisecond (0 to 91 centimeters per second).
Meteorological effects, such as the passage of cold
fronts or during storms, can double the strength of
the tidal currents (Corps of Engineers, 1984).

By the end of the next century, a one-meter rise in
sea level will flood low-lying areas in Mississippi
Sound and its estuaries. The accompanying 10 to 15
percent increase in the tidal prism—-the volume of
water that must move through the barrier island
passes each day—will increase substantially.

An equilibrium relationship has been demonstrated

along a sandy coastline, between the tidal prigm of
a bay and the cross-sectional area of the entrane
Thus, as the tidal prism of the Mississippi Sound in-
creases, the passes will deepen and widen, or pey
passes may be created. The net effect on the islang
chain is the reduction of the entrained sediment i,
the littoral drift that is able to bypass the islang
passes. This reduction will contribute to further gegj,
ment starvation on the down-drift islands.

Summary

The combined effects of shoreline erosional adjust.
ment to higher sea levels, wash-over, inlet formation
due to increased cyclonic storm intensity and activi-
ty, and sediment starvation due to pass enlargement
as aresult of the increased tidal prism of Mississippi
Sound could result in the near destruction of the
Mississippi-Alabama barrier island chain. Initially,
the islands would grow narrower and shorter as the
dimensions of the island passes increase. With the ex-
ception of Cat Island, the down-drift islands would
grow increasingly sediment-starved since it would
become more difficult for sediment to bypass the
widened island passes. Cat Island, protected and
isolated by the Chandeleur [sland remnant of the St.
Bernard Delta of the Mississippi River, is fundamen-
tally not receiving sediments and is no longer in the
littoral system of the Mississippi-Alabama barrier
island chain.
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Northwest Florida and Southeast Alabama:

Historic Shoreline Stability During
A Period of Relative Sea Level Rise
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Baton Rouge, Louisiana

Abstract -

Evidence supporting a stable coastline during a period of relative sea level rise
is presented for the northwestern Florida coast and southeastern Alabama coast,
Historic records of sea level fluctuations, obtained from the National Ocean Service
tide gauge at Pensacola, indicate a rate of relative sea level rise averaging 2.4
mm/year from 1924 to 1986.

When compared with the six remaining NOS tide gauges in Florida, Pensacola
shows the highest rate of rise over the entire period of record available for each gauge.
Historic shoreline trends since the mid-1800’s demonstrate that the vast majority
of the 225-km stretch of coast from Destin, Florida to Morgan Point, Alabama has
maintained stability and is progradational in places.

Three localized sites of net erosion located along low profile areas of western San-
ta Rosa Island, eastern Perdido Key, and Morgan Peninsula, can be explained by
repetitious foredune breaching and overwashing that occurred during historic hur-
ricanes.

Historic stability has been maintained along this coast due to an abundant sup-
ply of sediment transported from two independent sources; a Pleistocene headland
at Destin, and the inner shelf adjacent the Alabama coast. Sedimentological evidence,
coupled with net longshore transport calculations obtained from Destin to Morgan
Point, strongly suggest that Santa Rosa Island is being maintained by a mature
longshore transport system supplied by sediment from an eroding Pleistocene source
to the east. West of Santa Rosa Island, a distinct increase in the carbonate (shell)
fraction in step samples suggests inputs of sediment from the adjacent, very low
gradient, inner shelf. A detailed sediment budget constructed for Pensacola Pass,
and further supported by wave refraction simulations, indicates negligible sediment
transfer between Santa Rosa Island and the Florida/Alabama coast to the west,

These findings may have important implications for long-range planning along
the northwestern Florida and the Alabama coastlines, particularly in prior plan-
ning for future sea level rise.
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Sea Level Rise, Past and Future:

Mississippi and Adjacent Coastal Sectors;
Geological and Environmental Perspectives

Ervin G. Otvos
Geology Section, Gulf Coast Research Laboratory
Ocean Springs, Mississippi

melting,

Shore erosion, due to local sea
in the past 130 years,

Abstract

Concern about marine inundation of coastal
stable northern Gulf coastal sectors arose from the likelihood of accelerated ice cap
the result of a worldwide warming trend.
Gulf tidal gauges the Gulf rose slower than the assumed global eustatic rate. Shorter-
term sea level trends could reliably be established by an expanded network of tidal
gauges, not exposed to anomalous hydrologic effects in passes and semi-enclosed bays.
level rise on the Mississippi coast and documented
was most intensive near the subsiding Louisiana delta com-
plex. Eustatic rise at Grand Batture-Point aux Pins and elsewhere may have played

areas that could soon endanger even

In recent decades, at certain north

a minor contributing role in shore retreat. Accelerated marine inundation in the
future would heavily impact vegetation distribution and would reduce total coastal

wetland area. Beach erosion rates would increase. Harbors,
and residential subdivisions would have to be relocated or abandoned. The cost of
future dislocation may be minimized with foresight in regional planning,
based on up-to-date hydrological and geological research.

roads, industrial facilities

soundly

Introduction

Global warming, in combination with local causes
of land subsidence by the middle of the next century
may result in significant sea level rise. This is a con-
cern for long-range coastal planners and environmen-
tal experts worldwide.

Although most of the Mississippi coast is located in
a stable sector, its southwestern corner, including Cat
Island, has undergone significant subsidence during
historic times and lost sizable areas of ecologically
valuable wetlands to the sea. Continuing severe shore
recession affects additional areas, including the
Alabama border zone. Should global sea level rise ac-
celerate in the next few generations, its costly effects
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would also impact the rest of the northeastern Gulf
coast.

Factors in Past and
Future Sea Level Rise

() Global eustatic sea level rise: causes and
estimated future rates. Greenhouse effect and
thermal expansion.

When ice and snow accumulation in polar and high
mountain regions is outweighed by summer meliing,
the global sea level rises. Gornitz and Lebedeff {1987}
held that global mean sea level rise, corrected for long-
range trends amounted to 1.0-1.2 mm/yr during the



past hundred years. Peltier and Tushingham (1989)
indicated a rise of 2.4 mm/yr, instead. They attributed
no mere than 25% of this rise to the thermal expan-
sion of water. According to Revelle (1983), this factor
alone may raise sea level by one foot by the year 2100
A.D. A 7°C global temperature rise by that year, due
to thermal expansion alone, may result in a maximum
£3-cm (approximately 3 ft) sea level rise (Titus, 1986).

A steadily increasing impact by industrial and other
human activities, superimposed on various natural
causes, is widely held at least partly responsible for
the 25% increase in atmospheric carbon disxide con-
centrations in the past century (Matthews, 1980). Dur-
ing the last glacial substage, this value was only

190-200 ppm and at the start of the modern industrial
age, about 280 ppm, Between 1958 and 1990, the car-
bon dioxide concentration over Hawaii rose from 315
ppm to 355 ppm. It may reach 550-600 ppm in the next
generation (Matthews, 1990). Increase in the at-
mospheric content, primarily of carbon dioxide,
methane, CFCs, nitrous oxide, and water vapor is
regarded as leading to an enhanced greenhouse effect.
This results in increased retention of solar heat by the
atmosphere. Thomas (1986} and Ayers et al. (1989}
suggested that doubling of the “greenhouse gas” con-
centration eventuaily will lead to a global warming
of approximately 0.7 to 3°C (2 to 7°F) by 2040 A.D.
and cause extensive ice cap melting,

Balancing factors (e.g., human activity-related in-
crease in atmospheric dust particles that reflect the
aun radiation, and increased precipitation of snow
in polar regions) may somewhat mitigate the
greenhouse effect in the future. According to some
caleulations, the average worltdwide temperature has
already inereased by about 0.5°C (1°F) since the late
1800's Matthews, 1930). On the other hand, Maul and
Henson (1990} report that the southeastern US. ac-
tually cooled since the 1940's and the 1959-1988
period was 0.6°C cooler than the 192958 time in-
terval.

During the next several generations, intensive,
ocean-influenced basal and surface melting of the
potentiatly unstable Antarctic ice shelves, particular-
ly in West Antarctica could lead to their precipitous
digsintegration. Significant global atmospheric and
oceanic warming may cause rapid eustatic sea level
rise. It is generally recognized, however, that thermal
inertia of the sea considerably delays oceanic warm-
ing, causing a significant time lag between global
warming and ice shelf disintegration,

Due to differences between assumptions and models,
estimates of future sea level rise by different authors
vary considerably. Mercer’s “doomsday” projection
(1968), involving catastrophic West Antaretic melting,
was the first to trigger professional and public con-
cern about coastal inundation in the near future.

58

Nummedal {1983} predicted a 40-cm (1.3-f) eustatic
sea level rise by 2020, with an added 73-90 cm (2.4-3
ft) in south Louisiana due to local subsidence. On the
basis of various scenarios, Hoffman and others (1983,
1986) estimated a 3.5- to 17.1-cm (0.1-0.6 ft) eustatic
rise by the year 2000 A.D. and 23 to 117 cm (0.7 to
3.9 ft) by 2050. Thomas (1986) estimates that by 2050,
global sea level is most likely to rise by 55 cm (2 ft)
and 110 cm (3.6 {t) by the vear 2100 A.D. Titus (1986)
suggests a rise of 10-20 cm by 2025, and a 50-to 200-cm.
(1.6 to 6.6-ft) range by 2100.

(2) Compactional subsidence: natural and
human-induced causes.

Consolidation of loose, muddy, and organic-rich
Quaternary deposits leads to significant volume and
thickness reduction through porosity loss. Ground
water and hydrocarbon extraction have the same ef-
fects. Relative sea level rise in the southern part of
the Mississippi Delta complex, exceeding global
eustatic rate ten-fifteenfold, results primarily from
coempaction of a 120-180 m (400-600 ft) thick, uncon-
solidated Holocene sediment sequence and from tec-
tonic causes (regional downwarp, faulting).

(3) Isostatic and neotectonic effects.

The weight of ice sheets and ocean water over land
depresses continental areas, while release from such
overburden results in isostatic rebound (uplift) and
thus in a relative sea level drop. Similarly, the
regional uparching of unglaciated coastal regions
compensates for sediment loading and subsidence in
an adjacent {geosynclinal?) downwarp zone (e.g.,inn
south Louisiana). This type of broad tectonie uplift has
been and is presently taking place in Louisiana,
Mississippi, and Alabama, just inland from subsiding
coastal areas (Jurkowski and others, 1984; R. Bowen
this volume). Localized tectonic subsidence, involving
apparent sea level rise, may also result from growth
fault activity.

(4) Additional climatic influences on sea level and
sediment supply.

Changes in the regional climate, affecting at-
mospheric pressure systems, wind and current
regimes (e.g.,storm cycles) may periodically raise sea
level for extended time periods (Komar and Enfield,
1987). Such fluctuations cccur within a vertical range
of 10-30 cm, oceasionally of 1 m (3.3 ft).

Warming may also increase storm activity and
thereby coastal erosion. It also would tend to diminish
runoff, therebv reducing sediment volumes that reach
the shoreline. Ayers et al. (1989) note that a 4-7° F
temperature increase without corresponding 5-15%
precipitation increase, would cause a 9% to 25% tota ]
annual runoff reduction in the Delaware Basin .



Global and regional warming, additionally, boosts sandy nearshore-inshere Biloxi Formation, wide

water vapor content in the atmosphere, thus enhanc- beach ridge plains, capped by eolian dunes (the

ing the greenhouse effect. Gulfport Formation), developed along the share. The

(5) Compensating vertical coastal wetland ag- steady sea level stood approximately 6 m (20 f1) above
. the present.

gradation.

Sea level declined and then fluctuated during the

Sea level rise-related land loss may be mitigated if carlier Wisconsinan glacial period. The shoreline
natural or human influence-related sediment supply retreated seaward and sea level dropped below 100 m
from streams continues in delta wetland settings, about 20,000-18,000 years ago when streams became

especially in coastal salt marshes, Construction of deeply incised into the widened coastal plain.

dams and reservoirs, as in the Mobile-Alabama River Postglacial global melting resulted in marine inva-
gystem, blocks sediment transport to estuaries, sion of the lower stream valleys by Mid-to-Late
lagoons, and open shores. Upstream sediment trapp- Holacene times. The shoreline gradually shifted back
ing thus indirectly enhances sea level rise effects and to its present position. Two radiocarbon dates from the
increases coastal erosion. Pensacola-Biloxi area indicate that the sea level stood

at approximately -22 m about 9200 yr BP. and about
1.2 m by about 5700 yr B.P. (Otvos, 1991). Between
$,000 and 5,000 years ago, the Gulf rose at a record
rate of 15.3 mm/yr (Nelson and Bray, 1970) No
reliable data exist on sea level changes during the last
few millennia. However, drill data from the Mississip-

Mississippi and Adjacent Coastal Areas

Geological past; Late Pleistocene-Holocene sea pi barrier islands and the record of two stranded
level fluctuations. islands in the south Hancock marshland suggest that
As indicated by Late Pleistocene marine and littoral sea levels during the last three to four millennia were
deposits (Otvos, 1982, 1991), during the last in- very near to or coincided with the preseni one.
terglacial period, between 136,000 to 115,000 (-82,000) In the following, variations in the relative
years ago (Radtke and Gruen, 1990), the sea jevel was significance of factors that are involved in sea level
higher than presently. Following initial Sangamonian variations and coastal erosion-accretion processes are
transgression, marked by deposition of the muddy- briefly reviewed at a few key localitites.

Figure 1. Index maps. (labelow) Louisiana and southwestern
Mississippi locations—1, Point aux Herbes, LA; 2, Pearl
River; 3, south Hancock marshland; 4, Cat Island. (1b-right} =
Southeastern Mississippi and Alabama locations—1, Grand
Batture area, MS-AL; 2, Pt.aux Pins; 3, Mobile River Delta;
4, Fan-shaped Little Point Clear strandplain, narthwestern WSl AL
Morgan Peninsula, AL.
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Historical impact
of marine incursion

(1) Relict Escatawpa delta plain, Mississippi-
Alabama border.

In geologically very recent periods, the meandering
Escatawpa River discharged its waters directly to the
Sound. The atream constructed a small subaerial
delta that straddled the present state line (Otvos,

1982). After an eastern tributary of the “pirating™
Pascagoula River captured the Escatawpa flow, the
abandoned delta became reshaped and was reduced
by shore erosion. Combination of shore retreat and lit-
toral sand tranaport from eroding delta shores, some
time before 1848, created the 8-km long, 150-m to
400-m wide Grand Batture barrier spit along the
marshy delta plain. A similar, 3-km long, 200-m wide
double spit formed from eroding Point aux Pins,
seaward extension of a tongue-shaped, slightly
elevated Pleistocene ground (Figs. 2 and 3).
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Figure 2. Coastal erosion siages in Grand Batture area.
Based on 1853 U.S. Coast Survey Chart No.328 (1848
Suvey); 1817 U.S. Coast and Geodetic Survey Chart
No.4020; Grand Bay SW USGS Quadrangle, 1977, and
NOAA aerial photography (Roll 2846; 1979). [Location:
Fig.1b-1].

Figure 3. Erosion history at Point aux Pins. Baged on
18562 Coast Survey Chart No. 329 (1848 Survey); U.S,
Coast and Geodetic Survey Chari Na. 4020, 1917; Isle
aux Herbes Quadrangle, USGS, 1958, and NOA A aerin)
photography, Roll 2848, 1979. [Location:Fig.1b-2].



Figure 4. Little Point Clear sirandplain set on Morgan

Bay Quadrangle, 1941. [Location: Fig.1b-4].

Within a century of the first accurate surveys, the
Grand Batture shore retreated by half a mile. Spits
became fragmented to form Grand Batture and Isles
aux Dames islets, then were gradually reduced to
shoals. NASA aerial photos indicate that between
1979.1989 the most exposed, southernmost Grand
Batture shore sector underwent further fragmenta-
tion and clight retreat (Fig. 8). Erosion on the Grand
Bay-Portersvilie Bay shores diminished on occasions
when Dauphin and Petit Bois Islands linked to form
a continuous barrier that protected eastern Mississip-
pi Sound. Erosion increased when gaps between in-
dividual island segments widened, allowing higher
wave energies to reach the mainland.

Historic coastal charts, published since the early
18th century, display significant variations of Petit
Bois Pass, between the two islands. The width of the
Pasg, presently about 8.25 km, was only 2.2 km in the
early 1B50e. Tropical and winter storms, followed by
island recovery and growth, were instrumental in
these changes. Considering the thinness of uncon-
solidated Holocene deposits under Grand Bay {approx-
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Point Peninsula, AL. USGS Weeks

imately 1.8-3 m, or 6-10 fi; Ludwick, 1964), sediment
compaction could not have caused subsidence.
However, the slight sea level rise over the last 130
years may have playeda marginal role in facilitating
erosion.

(2) Submerged Morgan Peninsula Strandplain,
Seutheastern Alabama.

A fan-shaped strandplain that juts into Mobile Bay
near the west end of the Peninsula at Little Peint
Clear marks the previous, curved terminus of the long
barrier spit, formed in Late Holocene times (Fig4).
This sediment-starved ridge plain subsided and was
overgrown by marsh, and occupied by open water ernl-
bayments in the interridge swales. Coreholes, drilled
along the length of the Peninsula indicate the
presence of 27-30 m (90-100 fv) Holocene deposits that
include a 20-25% interval of compactable mud and
muddy sand. Land subsidence was probably related
less to eustatic sea level rise and crustal downwarp
than to sediment compaction.
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Figure 5. Subsiding-eroding weetland with marshbound relict barrier islands, gsouth Hancock County, MS. Dashed
lines southwest of Campbell and Point Clear Islands mark buried island segments, shown by marsh surface
lineaments {Location: Fig.1a-3).

. ) sequence under the marshes may partly be responsi-
(3) Subsiding South Hancock-Cat Island Region, ble for the subsidence and consequent coastal erosion

Southeastern Mississippri- (Otvos, 1988). To the south, the St. Bernard subdelta
The sonth Hancock maxrshland, southeast of the complex has experienced even higher rates of erosion

Pearl River delta includes Peoint Clear and Campbell and land loss.

Islands; two Late Holocene barrier islands, siranded Southeagt of the Hancock area, Tshaped Cat Island,

in the marshland. As lineaments in the marsh sur- a strandplain-covered barrier island, at North Bayou

face, especially southweat of each island suggest, the (Fig.7) carries strong indications of subsidence. Island

southwestern island ends sulbsided and were buried subsidence is accompanied by sea water intrusion in-

beneath the marsh (Fig. 5). M arshlands between about to interridge lows. These swales are now filled by
3000 and 1500 years agn WeTe located behind protec- elongated ponds and marshes. A younger set of strand-
tive Mississippi St. Bernard subdelta lobes. The large plain ridges became completely submerged under the
subdeltas were actively creating new land areas. Middle Spit marsh. Little Bay occupies a broad inter-

Subsequently, since the start of subdelta disintegra- ridge zone between two beach ridge sets (Fig.7). Two
tion, the Hancock marshes steadily lost ground. The coreholes revealed a thick [c.13.5 m (45 ft)] Holocene
1.1-km long St. Joseph’s Isl and, at one time apparent- sandy sequence under the Island. Four meters of com-
ly part of the mainland, completely disappeared in the pactible muddy sand occurred in one drilihole.
arious Hancock shore The South Hancock area and Cat Island lie in the

segments retreated by as much as 180-400 m (Fig. 6). flank zene of the subsiding Mississippi St. Bernard
The peninsula n d by about 28% between the subdelta zone. Combination of tectonic downwarping
mouth of Bayou Tonere and St Joseph Point (Fig.4). and sediment compaction resulted in relative sea lavel
Compaction of the 9-15 m C 30-50 ft) Holocene sediment rise that appears to significantly exceed submergence
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Figure 7. Narrow embayments in inundated swales. Subsiding island strandplain, northeastern
Cat Island, MS. (USGS Cat Island Quadrangle, 1951k [Location: Fig. 1a-4].
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rates on the central and east Mississippi Coast. Cat
{sland’s partial submergence was greatly facilitated

¢he blocking effect of the north/south-oriented dou-
ple barrier 8pit that starved the downdrift island
shores. This gently arching large spit that intercepted
mtward-direct»ed littoral drift, formed through ere-
sional reworking and retreat of the original eastern
island end. Wave energy-dampening previous growth
of the St. Bernard subdeltas has already reduced sedi-

ment transport to the island prior to spit formation
(Otvos, 1982).

Measuring Sea Level in Mississippi
and Adjacent States

Sea level data, based on well-maintained gauges
with stable foundations, may document short-term
trends reliably if the periods covered are sufficiently
long. Records, shorter than one to two lunar nodal
eycles (18.6-27.2 yrs.) may be influenced by anomalous
tidal, stream runoff, and other localized hydrological
effects (e.g, gauges in Mobile Harbor, Alabama and
the Atchafalaya Delta area, Louisiana). Several long
records from the southeast United States suggest a
sea level decline before 1931, followed by a rapid rise
into the 1950's. Subsequently, the rise lessened again
{Maul and Hanson, 1990). Long-term (50 yr+) data
sets in this general area are available from two loca-
tions only: Biloxi Bay (operated by the U.S Army
Corps of Engineers), and Pensacola Bay (NOS).

Due to differences between geological and
hydrological conditions at different gauge locations,
different time length, and calculation methods used
in computing and interpreting sea level rise it is ques-
tionable whether a “Gulf eustatic sea level” is a valid
concept. This term has been mentioned in the
literature to contrast with global eustatic sea levels.

Problems that arise from unstable gauge founda-
tions and/or inadequate records are illustrated hy data
sets from two Grand Isle, Louisiana, gauges {National
Ocean Survey and US. Army Corps of Engineers
records listed in: Penland et al., 1988}. The difference
between values of the stations for the 1942-62
subperiod (3.0 mm/yr vs. 11.4 mm/yr) was greater than
between values of the entire 1942-82 period {10.3 vs.
13.0 mm/yr). Reliable long-term gauge records, unaf-
fected by localized subsidence variations and in-
fluences of hydrological anomalies are nonexistent or
carce along the northeastern Gulf shore and even in
certain Migsissippi Delta areas.

Regional Tide Gauge Information
Pensacola-Florida Panhandle

MAm?rding to geodetic leveling data by Holdahl and
Orrigon (1974), the land area at Pensacola is

undergoing 1 mm/yr subsidence. Linear regression
analysis data, cited by Ramsey and Penland (1988} im-
ply that between 1923-80 the sea rose by 2.3 mm/yr.
NOAA-NOS Tidal Datum Application Unit figures
(Milt Rutstein, pers. comm., 1990} suggest that sea
level at Pensacola rose 1.9 mm/yr during the 1924-59
time interval. My comparison between averaged
194).59 and 1960-78 data sets suggest only a 0.5
mmAT rise. As this value is half of that of the land
subsidence, it implies a rate of 0.5 mm/yr apparent
sea level drop.

Biloxi-Mississippi Coast

Holdahl and Morrison reported zero vertical land
movement along the Mississippi-southwestern
Alabama mainland shore and a rise of up to 4 mm/yx
in the adjacent inland zone. Preliminary 1955-1988
{1955-1978) data sets, analyzed by D. B. Zilkoski of
the National Geodetic Survey (writien comm,,1990},
provided greater subsidence values. Land subsidence,
in relation to a Mobile-area bench mark, amounted
to 1.6-3.3 mm/yr on the Mississippi mainland coast
but was less in southwestern Alabama. The bench-
mark, according to Holdah! and Morrison's survey
data (1974), is located in a zone of 1 rarm/yr uplift.
Therefore, if confirmed, these figures may translate
inte a 0.6-2.3 mm/yr land subsidence and correspon-
ding relative sea level rise on the Mississippi coast.
The values are independent of the other sea level rise
components, such as global eustatic sea level varia-
tions and local hydrological effects.

Prior to 1938, the U. S. Army Corps of Engineers-
managed Biloxi gauge was on the Biloxi Bay railroad
bridge. It was transferred to the old Ocean Springs
highway bridge in 1938 (W. W. Burdin, this volume).
Based on averaped 5-year data sets of 1882-1941 and
1928-1989 data series, | have caleulated a sea level
rise of 2.3 mm/yr at the gauge. Additional figures, pro-
cessed by linear regression and cited by Penland et
al. (1988), came not from NOS tidal gauge data in
Biloxi, but from a 40-year record interval of the Corps
of Engineers gauge. The authors calculated a 1.5
mm/yr overall sea level rise for the 1942-82 period,
including an apparent 2 mm/yr sea level drop dur-
ing the 1942-62 interval. The NOS Tidal Data Sec-
tion (Douglas Martin, pers. comrmn.,1990) reporis that
the Biloxi NOS gauge, located on the GCRL Marine
Education Center pier, operated only between
1979-89,

In order to accurately menitor sea level rise and
land subsidence along other Mississippi Sound shore
sectors as well, additional tidal gauge locations and
geodetic land surveys are needed. The South Hancock
shore outside Pearl River’s direct influence, is among
the recommended locations. Until more detailed and



refined geodetic and tidal records become available,
no firm conclusions can be reached about the relative
impact of eustatic and other effects on sea level
changes. Vertical coastal marsh accretion that may
counter sea level rise, should be widely monitored.
Marsh accretion rates are yet to be measured on the
northeast Gulf coast.

Lovisiana Tidal Gauge Data

Tidal gauge values on Lake Pontchartrain’s south
shore come from an area where only 6-12 m (20-40 ft)
loose Late Holocene deposits cover the Pleistocene sur-
face. Therefore, compactional subsidence here was
much less important than further south. The 3.6-4.5
mm/yr subsidence vales of the northern and southern
{West Bnd) shore sectors (Ramsey and Penland, 1989)
are only slightly higher than the Biloxi value. They
contrast strongly with the Little Woods and Point aux
Herbes figures from the southeast lake shore
(10.1-10.9 mm/yr). The last two gauge locations are
the nearest to the Mississippi coast. The Little Woods
gauge is located only 16 km (10 mileg) east of the New
Orleans West End tidal gauge. Gauge data are
unavailable from the extensive and heavily eroding
St. Bernard Parigh area.

The presence of an east-west striking fault under
the Lake, just north of Point aux Herbes (Fig 1a; Kolb
and others, 1975, Plate 2) tentatively suggests that
ongoing fault movements locally may influence sea
level along southeast lake shore. Gauge data here pro-
bably reflects ongoing localized downfault subsidence.
Compactional subsidence, due to the thinness of the
underlying Holocene sequence, is minor.

Land Areas Endangered
by Future Marine Inundation

Mainland Marshlands and Stream Valleys

Intertidal marshes, vital components of the coastal
ecosystems would be first affected by transgression.
If sediment deposition does not keep up with rising
sea level, they become displaced landward along with
the shifting shoreline. In contrast with several Atlan-
tic coastal areas, data on marsh accretion by sediment
aggradation are unavailable in the subject area. In-
land reservoir lakes, part of the Mobile River drainage
system, contribute to coastal erosion by trapping
sediments before they reach estuaries and coastal
marshes. Future damming of the Pascagoula and
Pear! Rivers would have the same effect. Most of
Mississippi’s tidal marshes (approximately 290 sq km;
Eleuterius, 1987) are located in the south Hancock
and the lower Pascagoula areas. Significant erosion

of the most exposed south Hamnocock and Grand Bat-
ture marshlands will continue even at the present rate
of sea level rise.

As sea level rises, fresh water marshes and swamps
of the present stream floodplains (e.g., Honey Island
Swamp in the Pearl River Delta) are replaced by
brackish marshes. Because the streams presently oc-
cupy valleys that are deeply cut into the high upland
surface, continuing transgression would result in
gradually narrowing, long estuarine embayments.
The sizable south Hancock and Grand Bay marsh-
lands along the north shore of the Mississippi Sound,
would be the first to be eliminated by wave erosion.
Unless vertical marsh accretion keeps pace with sea
rise, because of the northward narrowing valleys, the
salt marsh acreage lost in the lower estuary reaches
during marine inundation would be replaced only by
increasingly smaller salt marsh acreage upstream,

A 3-m (10t} sea level rise, barring a catastrophic
Antarctic ice sheet “meltdown’” not expected for many
centuries, would eventually ghift the heads of the
estuarine embayments about 928 km inlapd in the
Pear] River Valley, approximately 22.5 km in the
Pascagoula Valley, and about 56 km from the present
bayhead in the Mobile River Valley.

Beach Maintenance

Artificially nourished Harrison and Hancock Coun-
ty beaches on the Mississippi mainland, vital for the
local tourist industry and protection of coastal
highways, have been experiencing a steady erosion.
On three occasions between 1851 and 1988, a total
of approximately 6.8 million cubic meters of sand was
placed on the Harrison County beach. First, a new
beach was constructed; later, subsequently eroded
sand volumes were partially replaced. In addition to
routine nourishment, 840,000 cubic meters of sand
would be required to maintain the intertidal and
supratidal portion of the Harrison County beach at
a width of 70 m to compensate for each foot of future
sea level rise

A good portion of the recent explosive condominium
and private home development on the southeastern
Alabama-northwestern Florida coast occurred
perilously close to the intertidal zone. A worst-case
scenario places many buildings near or within the
sone of marine inundation by the mid-21st century
and exposed to increasingly damaging storm tides
well before that time.

High Mainland Shores

Most of the Mississippi-Alabama mainland open
shoreline is flanked by elevated ground, generally
2 4-3.0 m (8-10 ft above mean sea lJevel, and higher




These sectors are underlain mostly by Late
Pleistocene barrier and alluvial deposits (Gulfport
and Prairie Formations) and Neogene units (eastern
Mobile Bay shore). Between Morgan Point and cen-
tral Perdido Key, Late Holacene strandplain dune
ridges back the Gulf shore in southeastern Alabama.
Scarp recession already is pronounced at several loca-
tions. East Belle Fontaine bluff, west of Pascagoula
(Fig. 1b), for instance, receded 25 m (8.25 ft) between

1969-1990. It destroyed several summer homes in the
process.

Storm waves that ride on a gradually rising sea level
would pose a mounting danger to land, in particular
if continued global warming increases the frequency
and ferocity of tropical storms. The 26-mile (41.6-km)
Harrison County coastal highway in Mississippi even-
tually would have to be rerouted. Commercial and
yacht harbors would equally be affected; so would sub-

Figure B. Grand Batiture and Pt aux Pins shore, 1989. NASA aerial photography, Roll #3841 (compare with Figures

2 and 3).



divisions on the Mississippi Sound and Mobile Bay
shores (e.g., West Belle Fontaine, MS; the Daphne-
Point Clear sector, AL).

At a later stage, low-lying industrial-commercial
sites along the northwestern Mobile Bay shore, in-
cluding the industrial-harbor waterfronts at Mobile
and Theodore, may also have to undergo gradual
relocation.

Barrier Island and Pass Changes

Rising sea level would seriously impact and soon
overwhelm the already narrowing, low Chandeleur
island chain and intertidal shoals south of the
Mississippi coast. The sturdier Mississippi-Alabama
barrier islands (Figs. 1a,b) would be much less affected
by an initial 1 to 2-foot rise. However, narrow, low
island sectors (central and western Dauphin Izland,
eastern West Ship Island) will be even more
vulnerable to storm overwash and recurring island
segmentation than presently. The littoral sand sup-
ply that reaches the island chain from the Morgan
Peninsula-Mobile Bay ebb tidal delta would continue.

The southeast Alabama mainland and east
Dauphin Island sectors are expected to remain
relatively stable in the early stages of sea level rise
and continue to provide a route for westward-directed
littoral drift. Ample littoral sediment supply,
transmitted along the Mobile Bay ebb-tidal delta,
allows the island chain to delay serious shore reces-
sion. The islands could compensate for the rising sea
by vertical aggradation and lateral progradation. On
the other hand, even a minor sea level rise would in-
crease the frequency and, thus, the severity of periodic
storm impact on the more vulnerable island sectors.
Subdivisions on densely-built, low and narrow east-
centra) Dauphin Island are likely to suffer the most
damage. As long as the Mississippi-Alabama islands
and Morgan Peninsula remain in their present posi-
tions, rising sea level, widening lagoons and bays
would Tesult in increased estuarine water volumes.
To maintain a dynamic equilibrium between tidal ex-
change volumes and pass channel dimensions, the
channels would become deeper and wider.

Only when the westward-moving sand supply is
eventually diminished would the rising sea reduce
barrier island dimensions. At the same time, elevated
saline ground water levels and the more frequent over-
wash would result in wider brackish lagoons and
ponds in island interiors. Depending on the island
dune field elevations and their continuity and width,
at a certain stage of the marine transgression, the bar-
rier islands will become more susceptible to storm
overwash and increased segmentation than at pre-
sent. Eventually they may start on a path of landward
migration.
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Surface and Ground Water Salinity

As the rising sea deepens and widens tidal passes,
increased influx of high salinity Gulf waters to
Mississippi Sound weuld be noticed even in the early
stages of transgression. Subsequently, due to
diminishing littoral drift, barrier island segmentation
and reduction and salinities in the Sound and con-
tiguous mainland bays would increase. Marked
ecological changes would foliow in the entire near-
shore zone. Increasing intrusion of the estuarine salt
wedge into streams from which fresh water had been
taken for various purposes, could have a profound im-
pact on local economies.

Shallow ground water horizons, utilized in densely
inhabited areas (as on the central Mississippi coast
and the eastern share of Mobile Bay) could be similar-
1y affected. If in direct physical contact with adjacent,
increasingly salty estuarine bodies, such anquifers
could be ruined by the salt water intrusion.
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off the continental shelf.

in a given interval of time.

Abstract

The Mississippi River delta and chenier plains in Louisiana are experiencing
catastrophic coastal land loss rates exceeding 100 km?/yT. Louisiana’s coastal zone
contains 40 percent of the U.S. wetlands and 80 percent of the nation’s loss occurs
here. The origin and stability of these coastal environments is tied to the sediments
discharged by the Mississippi River throu
cumulate in well-defined delta complexes at approximately 800-1,000 year intervals
followed by abandonment and barrier island formation. The delta-cycle process, that
builds new delta complexes, barrier islands, and cheniers is currently stopped by
These structures harness the flow of the
Mississippi River within a massive levee system, channeling most of the sediments

gh the delta cycle process. Sediments ac-

flood and navigation control structures.

Deprived of sediments and subsiding rapidly, Louisiana’s wetlands are vanishing.
Researchers have long recognized the catastrophic coastal land loss conditions oc-
curring and speculated on the causes. The chronic problem of wetland loss is well
documented, but poorly understood. Over the last decade, two schools of thought have
developed in the coastal research community concerning the relative roles of the
causal factors driving the extreme rates of 1and loss and change. One school of thought
emphasizes the natural processes of the delta cycle process and human activities
are ranked as secondary in importance. In contrast, the other school of thought placed
primary importance on human activities an
processes. A review of previous coastal 1and loss research indicates the only way to
accurately determine the relative roles of different types and processes of land loss

d of secondary importance are the natural

is to develop a classification suitable for quantitatively mapping the spatial distribu-
tion and contribution of each geomorphic loss type to the total amount of land loss

Introduction

Coastal erosion and wetland loss are serious and
widespread problems of national importance with
long-term economic and social consequences. Loui-
siana is experiencing the highest rates of coastal ero-
gion and wetland loss in the United States and
possibly the world. Rates of coastal loss have increased

from 10 km?2/yt to more than 100 km?/yr over the last
century (Morgan and Larimore, 1957; Craig et al.,
1980; Gosselink et al., 1979; Wicker, 1980; (Gagliano
et al., 1981; Sasser et al., 1986; Adams et al., 1978;
Walker et al., 1987; Coleman and Roberts, 1989;
Britsch and Kemp, 1990; Penland et al., 1990} Loui-
siana’s barrier islands, whose presence creates and
maintaina an extensive barrier-built estuarine




system, protect the marshes and bays from offshore
wave cc.mdmons and saltwater intrusion from the Gulf
of Mexica. These islands are vanishing, decreasing in
area and eroding at very rapid rates (Peyronnin, 1967;
Penland and Boyd, 1981,1982; Morgan and Morgan,
1983; McBride et al., 1989),

The disappearance of Louisiana’s barrier islands
will result in the destruction of the large estuarine
bay systems and the acceleration of wetland loss.
Coastal land loss severely impacts the fur, fish, and
waterfowl industries, valued at an estimated $1
billion per year, as well as the environmental quality
and public safety of south Louisiana's sea level citizens
(Gagliano and van Beek, 1970; Gosselink, 1984;
Turner and Cahoon, 1887; Chabreck, 1988; Davis,
1983, 1989). The region’s renewahle resource base
depends on the habitat provided by these fragile
estuarine ecosystems. Understanding the coastal
geomorphological processes, both natural and human-
induced that control barrier island erosion, estuarine
deterioration, and wetland lass in Louisiana is essen-
tial in evaluating the performance of the various
restoration, protection, and management methods
currently envisioned or employed.

Coastal erosion and wetland loss are posing a grow-
ing chalienge to Louisiana and other Gulf Coast
states as our population becomes increasingly concen-
trated in and dependent upon coastal areas. The En-
vironmental Protection Agency (EPA) and National
Research Council (INRC) forecast the rates of sea level
rise will increase over the next century. This increase
will dramatically accelerate coastal land loss in the
future (Barth and Titus, 1984; National Research
Council, 1987).

Because of its geologic setting, the severe coastal
land loss conditions feund in Louisiana today provides
& worse-case scenario for the future coastal conditions
forecast by the EPA and NRC. More importantly, Loui-
siana’s coastal problems document the impertance of
understanding the processes driving coastal land loss.
The U8 Geological Survey (USGS) and Louisiana
Geological Survey (LGS) cooperative coastal research
program strives to improve our knowledge and
understanding of the processes and patterns of coastal
land loss and of the forecast of adverse impacts on peo-
ple and resources in the coastal zone (Sallenger and
Williams, 1989),

Many solutions to most coastal land loss problems
caused by geologic processes overly emphasize stop-
ping the result of the process and do not give adequate
consideration to the process itself. This approach
results in many engineering solutions that rely on
costly brute force rather than more sophisticated, less
processes defined by scientific study (Penland and
Suter, 1988; Penland et al., 1990). The lack of
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understanding the processes also leads to over-
simplified concepts producing false hope that simple
solutions exist.

The key objectives of the USGS and LGS cooperative
coastal research program are to provide good scien-
tific information on coastal erosion and wetland loss
suitable for developing a strategy to conserve and
restore coastal Louisiana and to improve communica-
tion among scientists, engineers, and decision makers,
This paper summarizes the geologic framework in
which coastal erosion and wetland loss oceurs in Loui-
giana. In addition, this paper discusses the controver-
gy surrounding the causes of coastal land loss and the
relative roles of natural processes and human ac-
tivities.

Regional Geology
Delta Plain

The coastline of the northern Gulf of Mexico is
dominated by the Mississippi River. Since about 7,000
yr BP, the Mississippi River has built a deltaic plat-
form comprising numerous individual delta lobes and
groups of unrelated lobes known as delta complexes
(Russell, 1936; Fisk, 1944; Kolb and Van Lopik, 1958;
Seruton, 1960; Frazier, 1967; Coleman, 1988). The
delta-building process consists of prodelta platform
establishment, followed by distributary progradation
and hifurcation, that results in delta plain consolida-
tion (Figure 1). This process continues until the
distributary course is no longer hydraulically effi-
cient. Abandonment occurs, initiating the trans-
gressive phase of the delta cycle. The abandoned delta
subsides, and coastal processes rework the seaward
margin, generating a sandy barrier shoreline backed
by baye and lagoons (Kwon, 1969; Penland et al.,
1981}, Coastal land loss occurs naturally during this
stage. Transgressions oceur repeatedly, both for delia
complexes and delta lobes.

The contemporary delta plain can be subdivided in-
to two distinct categories, active deltas and abandoned
deltas. Delta building accurs in 20 percent of the
delta plain and is restricted to the Modern complex
and the newly active Atchafalaya complex. The Pla-
quemines delta of the Modern complex is abandoned.
The four remaining complexes, the Maringouin,
Teche, St. Bernard, and Lafourche are all abandened
and have some type of transgressive shoreline or shoal
sand body developing. The Balize lobe of the Madern
delta complex is represented by the familiar “bird-foot
delta” model. The delta has prograded into deep water
near the shelf margin and the greater accommoda-
tion space results in the accumulation of hundreds of
meters of sediments in one deltaic cycle. Mass move-
ment of sediments is extremely important in building
the deltaic sequence.
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The Atchafalaya delta complex emerged as a
subaerial feature after the 1973 flood (van Heerden
and Roberts, 1988). According to Fisk (1952), the At-
chafalaya has been a distributary of the Mississippi
River since the mid-1500’s and by the 1950's had cap-
tured about 30 percent of the flow of the Mississippi
River. Because the route of the Atchafalaya River to
the Gulf is some 300 km shorter than the current
course of the Mississippi River, Fisk {1952) predicted
a relocation of the main distributary to the At-
chafalaya course. As a result, a series of large control
structures have been built north of Baton Rouge to
hold the Mississippi River in its present position. Were
it not for these structures, the Balize delta would pro-
bably have been abandoned by now and have entered
the transgressive phase,

Asg a delta is abandoned, marine processes begin to
dominate the system. Coastal land loss occurs and
deltaic sand bodies supply coarse sediment to the
nearshore current field. An erosional headland with
flanking barrier spits develops, and an evolutionary
procesa of barrier island formation begins (Penland
et al., 1988). The abandoned Bayou Lafourche delta
headland is the most recent example of this landform.
Erosion rates on the central headland average as
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model of the Mississippi River delta plain depicting the location of the tran-

much as 20 m annually, reaching over 50 m in hur-
ricane years (Ritchie and Penland, 1988). The Tim-
balier Islands to the west of the Bayou Lafourche
headiand and Grand Isle to the east, represent a Stage
1 barrier system (Figure 2).

The Plaquemines barrier shoreline associated with
the Modern delta complex also represent a Stage 1
barrier system (Ritchie et al., 1980}, With continued
subsidence, marine waters intrude into the backbar-
rier marshes, resulting in the formation of a saline
lagoon, separating ihe barrier from the mainland
marshes and forming Stage 2, the barrier island arc
The best examples of this are the Isles Dernieres
derived from the Lafourche delta complex and the
Chandeleur Islands derived from the 5t. Bernard
delta complex {Penland et al, 1985: Ritchie et al.,
1589). Further subsidence removes the coarser-
grained distributary mouth bar and channel deposits
from the nearshore wave field, resulting in a cessa-
tion of sediment supply to the barrier islands. At this
point, contirued reworking by waves and storms
begins the degradation of the barrier islands. The
subaerial island area decreases greatly as sands are
lost seaward to an inner shelf sand sheet, landward
by overwash, and captured in tidal-inlet sinks. This




process is well-illustrated by the evolution of the Isles
Dernieres. Ultimately the barrier system loses its
subaerial integrity and forms Stage 3, and inner-shelf
shoal (Penland et al., 1989a).

Chenier Plain

The chenier plain is a series of alternating ridges
and mud flats, first described by Russell and Howe
{1935) and Howe et al.(1836). The term chenier is
derived from the French word “Chene” for oak, the tree
that grows on the crests of the higher ridges. The

chenier plain stretches 200 km from west of Sabine
Pass, Texas, to Southwest Point, Louisiana (Penland
and Suter, 1989). The width of the deposit ranges from
20 km to 30 km, with elevations of the ridges vary-
ing from 2 m to 6 m (Figure 3). Gould and McFarland
(1959} used shaltow borings and radiocarbon dates to
interpret the sedimentary facies and stratigraphic
history of the chenier plain. Transgressive and
regressive wedges overlie a soil zone that is alse the
Pleistocene-Holocene unconformity. The wedge
thickens from 3 m to 6 m and is progressively younger
seaward. Vertical sequences consist of basal and up-
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per layers of marsh or bay mud separated by in-
termediate layers of shoreface sand and mud.
Shoreface deposits either grade upward into chenier
sand shell or are overlain by bay and tidalflat sand
and mud. A thin but extensive layer of organic-rich
marsh sediments caps the sequence.

Shoreline composition and rate of seaward prograda-
tion of the chenier plan were determined by proximi-
ty of the Mississippi River outlet. Shallow-water
mudflats were rapidly deposited when the main
distribetaries of the river lay in the southwest por-
tion of the delta plan. When those deltas were aban-
doned, marine processes reworked the mudflats
concentrating the coarsest material into chenier
ridges. Periodic repetition of these processes produc-
ed the alternating chenier ridge and mudflat
topography. Recent work on mud flat progradation
associated with the development of the Atchafalaya
delta (Wells and Roberts, 1981} has shed some new
light on the processes of chenier formation (Wells and
Kemp, 1981; Wells, 1986; Kemp, 1986). With the posi-
tion of the Atchafalaya River deita complex at the
western margin of the deltaic plain, significant
mudflat progradation is occurring in the area west of
Freshwater Bayou and in the Cameron-Calcasien
area. Major mud{lat progradation appears to be
linked to the passage of cold fronts and hurricanes.

Coastal Land Loss

Behind the protective barrier islands are extensive
estuaries that are rapidly disintegrating by pond
development, bay expansion, coastal erosion, and
human impacts (Morgan 1967). The chronic problem
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Mississippi River chenier plain.

of wetland loss in Louisiana is well documented, but
poorly understood (Wicker, 1980, Gagliano et al.,
1981; Britsch and Kemp, 1990). Previous studies show
coastal land loss has persisted and accelerated since
the 1900s. Much speculation and debate in the
research, government, and environmental com-
munities surrounds the issue of coastal and loss, the
processes driving coastal change, and the strategy of
coastal protection and restoration.

Coastal land loss refers to the set of processes that
convert land to water. Coastal change is a more com-
plex concept. It describes the set of processes drnving
the conversion of one geomorphic habitat type into
another geomorphic habitat type. The process of
coastal land loss and change typically follows the con-
version of vegetation wetlandsto an estuarine water
body, followed by barrier island destruction and the
conversion of estuarine water bodies to less produc-
tive open Gulf of Mexico conditions.

The coastal land loss process can be subdivided in-
to two major types: coastal erosion and wetland loss.
Coastal erosion describes the retreat of the shoreline
along the exposed coasts of large lakes, bays, and the
Gulf of Mexico. In contrast, wetland loss is used to
describe the development of ponds and lakes within
the interior wetlands and the expansion of large
coastal bays behind the barrier jslands and mainland
shoreline.

Coastal Erosion

Louisiana is experiencing the highest costal erosion
rates in the United States (Morgan and Larimore,
1957; Adams et al., 1978; Penland and Boyd, 1981; van




Beek and Meyer-Arendt, 1981; Morgan and Morgan,
1983; McBride et al., 1989). In the U.S. Geological
Survey’s National Atlas of the United States of
America (1988), Louisiana appears on the coastal ero-
sion and accretion plate as the nation's erosion hot
spot (Figure 4). Coastal erosion rates in Louisiana
average - 4.2 mfyr with a standard deviation of 0.3.
The coastal erosion rates ranges between 3.4 m/yr and
~15.3 mfyr. The average Gulf of Mexico shoreline
change rate is -1.8 m/yr, the highest in the U.S. By
comparigon, the Atlantic erodes at an average rate of
~0.8 m/yr, while the Pacific coast is relatively stable
at an average rate of + 0.00 m/yr. In Louisiana, the
majority of the coastal erosion is concentrated in the
barrier shorelines that front the Mississippi River
delta plain,

The average coastal erosion rate of -4.2 mfyr
represents the long-term conditions exceeding 50
years averaged together by per unit length of
shareline for 600 km of coast. This number is not
representative of the individual storm events that
drive the long-term average as well as the coastal ero-
gion hot spots. Coastal erosion is not a constant
365-days-a-year process; bursts of erosion are
agsociated with the passage of major cold fronts,
tropical storms, and hurricanes (Harper, 1977

Penland and Ritchie, 1979; Boyd and Penland, 1981;
Dingler and Reiss, 1988; Ritchie and Penland, 1988;
Dingler and Reiss, 1990). Field measurements have
documented 20 to 30 m of coastal erosion during a
single storm event lasting 3 to 4 days. these major
storm events produce energetic overwash conditions
that erode the beach and reduce the barrier landscape
into lower relief landforms (Penland et al., 1989h).

In addition to beach erosion, the total area of Loui-
siana’s barrier shoreline is decreasing rapidly. In 1880,
the total barrier island area in Louisiana was
measured by 98.6 km? and by 1980 the total area had
decreased to 57.8 km?, This represents a 41% decrease
in area at a rate of 0.41 km2yr (Penland and Boyd,
1982).

The barrier shoreline system, with the highest rate
of coastal erosion in Louisiana is the Isles Dernieres
located in Terrebonne Parish (Penland and Bayd, 1981;
MecBride et al., 1989). From 1890 to 1988, the Isles
Dernieres shoreline experienced an average of 1,644
m of beach erosion at a rate of ~ 12.2 m/yr (Figure 5).
The greatest amount of beach erosion was measured
in the central barrier island arc at Whiskey Island,
where a total of 2,673 m of beach retreat took place
at an average rate of -19.1 m/yr. In 1890, the total
area of the Isles Dernieres measured 3,360 ha, and
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Figure 5. Coastal erosgion in the Isles Dernieres beiween 1853 and 1978 (Penland et al. 1981).

by 1988 the island area was measured at 771 ha, a
total decrease of 2,589 ha or 77% in area Over 135
years, at a rate of 26.4 ha/yr.

The first island in the Isle Dernieres barrier island
arc forecasted to be destroyed by coastal erosion is
East Island in 1998 and the last is Trinity Island by
2007. Of immediate threat to Louisiana, particular-
ly Terrebonne and Lafourche Parishes, is the predicted
logs of the Isles Dernieres by the early 21st century.
The destruction of the Isles Dernieres will dramatical-
ly impact the atability and quality of the Terrebonne
Bay barrier-built estuary and the associated coastal
wetlands,

Wetlands Loss

Louisiana contains at least 40% of the United States
coastal wetlands and is suffering 80% of the wetland
loas (Figure 6). Nationwide, outside of Alaska, Hawaii,
and the Great Lakes regions, coastal marshes occupy
an area of 46,971,000 ha, most occur in the Gulf of
Mexico and south Atlantic region of the United States.
The northern Gulf of Mexico contains 21,510,000 ha
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of coastal wetlands or 45.8% of our nation’s total (Alex-
ander et al., 1986; Reyer et al., 1988). The Atlantic
coast accounts for 24,773,000 haor 52.7%, and while
only 1.5% or 688,000 ha are located along the Pacific
coast, Louisiana's 11,928,000 ha of coastal wetlands
is equivalent to 48% of all the coastal wetlands found
in the 14 U.S. Atlantic states.

Within the northern Gulf of Mexico, Louisiana con-
tains 55.5% of the costal wetlands pccurting there, or
11,928,000 ha out of a total of 21,510,000 ha. Within
Louisiana, the Mississippi River delta plain contains
995,694 ha of salt marsh, fresh marsh, and swamp
representing 74% of the state’s coastal wetlands. To
the west, the chenier plain contains 347,593 ha of
coastal wetlands, accounting for the remaining 26%.
Cameron Parish on the chenier plain, encompasses
the largest expanse of salt and fresh marsh by a single
parish, a total of 302,033 ha. On the delta plain, the
933,711 ha within Terrebonne Parish is the region’s
largest expanse of coastal wetlands, followed by Pla-
quemines Parish at 167,980 ha, Lafourche Parish at
118,224 ha, and St. Bernard at 104,806 ha. Lowr
sana’s wetland parishes constitute the largest concen-




tration of coastal marshes in the contiguous United
States.

The current coastal land loss rate estimated is in
excess of 12,000 ha/yr for the Mississippi River delta
and chenier plains in south Louisiana (Figure 6). Of
this total, 80% of the loss occurs in the delta plain and
20% in the chenier plain {(Gosselink et al., 1979;

Gagliano et al., 1981). Previous studies indicate the

rate of coastal land loss has accelerated over the last
75 years. Rates of loas within the delta plain alone
have accelerated from 1,735 ha/yr in 1913, 4,092 ha/yr
in 1946, to 7,278 ha/yr in 1967 followed by 10,205
hatyr in 1980 (Figure 7).

Forecasts were made that Lafourche Parish would
be destroyed in 205 years, St. Bernard Parish in 152
years, Terrebonne Parish in 102 years, and Pla-
quemines Parish in 52 years from 1978 due to ac-
celerating coastal land less conditions (Gagliano et al.,
1981).

New research resulta indicate coastal land loss per-
gists at levels below those rneasured in the 1970°s and
below the rates predicted to accelerate into the future.
Britsch and Kemp (1930} conducted a mapping study
of coastal land less using 50 15" USGS topographic
quadrangle maps from the Mississippi River delta
plain. Coastal land loss rate curves were developed
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Figure 7. Coastal land loss curve for the Mississippi
River plain by Gagliano et al. (1981).
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for each quadrangle and the delta plain. The 1932-33
U.S. Coast and Geodetic Survey T-Sheets gerved as the
base for aerial photography interpreted for the years
1956-58, 1974, and 1983. The results showed coastal
land Joss rates increased after 1930's from 3,339 hatyr
(12.89 mi2/yr) in 1956-58 to 7,257 ha/yr (28.01 miz/yr)
in 1974. After 1974, the coastal land loss rates
decreased to 5,949 hafyr (22.97 mizfyr}in 1983 (Figure
8). The numbers compared well with those measured
by Gagliano et al. (1981) through 1967; however, the
maximum rate of land loss mapped in 1978 exceeded
the maximum rate mapped by Britsch and Kemp,
(1990) for 1974. The Britsch and Kemp (1990) study
again substantiated the catastrophic nature of the
coastal land loss problem in Louisiana.

Summary

Louisiana is experiencing catastrophic coastal land
loss conditions due to the complex interaction of
natural and human-induced causes. Controversy sur-
rounds the issues of coastal land loss and coastal
restoration. State and federal supported research on
coastal land loss, as well as our experience in Loui-
giana, has documented that the most cost-effective
methods for restoring Louisiana’s coastal en-
vironmenta are ones that work with or enhance
coastal geomorphological processes. Sediment and
vegetation are the only tools that will be effective in
restoring Louisiana's coastal zone. The protection and
restoration of barrier islands, estuaries, and wetlands
must be placed on the same priority as navigation and
fiood control in order to ensure the future of these im-
portant National coastal resources, the delta and
chenier plains of the Mississippi River.
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Prediction of Effects Induced by Sea
Level Change in the Northeast Gulf
Must also Consider Neotectonics

Richard L. Bowen
Professor of Geology
University of Southern Mississippi
Hattiesburg, Mississippi

Abstract

Global (ie., eustatic) sealevel change, as has frequently occurred (with relative levels
perhaps as high as +40m and as low as -130m) during the last 2 million years, drives
a landward migration of the coastline during times of rising sealevel and the reverse
when sealevel falls. To this simple scenario, in the northeastern Gulf of Mexico
(Mississippi-Alabama-West Florida), the complicating factor of irregular uplifting,
subsidence, and possible faulting by ongoing processes driven from Earth’s interior
(that is, neotectonics) occurring along with the sea level change must also be con-
sidered. Studies recently completed by the author, when added to investigations
reported by others, indicate that:

1. A hinge-line separating an inland zone of irregular uplift from an off-shore region
of continuing subsidence has a location close to and paralleling the coast in Jackson
County, while it swings inland in Hancock County and the adjacent portion of
Louisiana;

2. The interior uplift has been irregular, producing “rises” and “swales” of large (60
x 20 km) scale;

3. The Mobile Bay region may be considered as a breached anticline of broad dimen-
sions; and

4. Effects of neotectonics determined from investigations in geomorphology are in
accord with geodetically-indicated deformation measured during this century.




Land Use Implications
of Sea Level Rise

Robert J. Landry
Southern Mississippi Planning and Development District
Gulfport, Mississippi

Introduction

I work as planning director for the Southern
Mississippi Planning and Development District, a
15-county regional development organization. In our
planning efforts for Mississippi’s sand beaches, Biloxi’s
urban waterfront, and other coastal communities, our
planners are often asked, “Why do we need a water-
front (or beach) plan?” We typically respond,
somewhat facetiously, “Because they're not making
anymore waterfronts . . . 50 we must provide for the
best possible use of what shoreline areas we do have”

Those of you familiar with coastal processes know
that this oversimplified response is not entirely cor-
rect. Natural processes like erosion, subsidence,
flooding, and tidal action, constantly reshape our
coastline, So, we must be concerned about the long-
term changes in our shoreline, if planning for our
coastal communities and regions is to be effective. In
a sense, new waterfronts are being created, little by
little, with each passing day.

The effects of global warming may add significant-
ly to the factors considered in planning for coastal
areas. In addition to the typical demographic,
economic, environmental, and related developmental
trends, coastal planners may soon need to pay much
greater attention to shoreline erosion and fleoding
problems generated by a predicted rise in overall sea
Jevel.

Sea Rise Cause and Effects

1 know that many of my learned colleagues at this
conference have addressed (or will address) the causes
and impacts of the projected increase in sea level. At
the risk of being redundant, I would like to briefly
gummarize these global implications so that we may
better understand the potential impact on local,
coastal, community development.

A consensus of the international scientific com-
munity predicts that we will see an increase in sea
level as a result of global warming trends. The warm-
ing of the earth’s atmosphere has been accelerated by
recent environmental degradation, in particular, by
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the destruction of the earth’s ozone layer. This warm-
ing trend has caused expansion of the volume of ocean
water, and more rapid melting of alpine glaciers and
the polar icecaps.

Global warming adds to an existing natural trend
in sea level increases that has persisted for the last
century. Based on extrapolation of this trend, global
sea level is expected to increase by as much as 50 inch-
es by the 22nd century, even without global warming.

When local trends and processes such as subsidence
and emergence are factored into the global equation,
the overall increase in sea level is projected by federal
(EPA) scientists to be as high as 3 meters {about 10
feet), by the year 2100.

What global effects will this projected sea level rise
have on both the natural and man-made en-
vironments? A recent EPA report indicates the follow-
ing impacts:

e Increased volumes of ocean water will permanent-
ly flood wetlands and lowlands, aceelerating coastal
erosion and aggravating the conditions for serious
coastal flooding.

« Projected rises in sea level will greatly increase
salinity levels in coastal estuaries and aquifers, en-
dangering fishing industries and threatening sup-
plies of drinking water.

Sea level rise will have a significant impact on ur-
ban development, reducing the availability and ac-
cessibility of existing recreational beaches and
waterfront facilities, increasing the cost of flood pro-
tection, and restricting residential, commercial, and
industrial development — as we now know them —
in coastal areas.

+ Increases in ocean elevation, in combination with
other impacts of global warming, may foster in-
creases in the incidence of droughts, hurricanes,
rainfall, and higher temperatures, which in turn im-
pact both the perceptions and the reality of the
overall quality of life in a locality.

These global implications raise a whole host of
issues about how coastal communities can be affected




by impending sea level rise. These localized concerns
can be grouped into four broad areas:

1. Submergence of Coastal Wetlands — Will all
of our wetlands and lowlands become open water? Will
the public still have access to the waterfront? Where
will the new wetlands be? Who will control them? We
need only look at what is happening to the Louisiana
marshes right now to get an idea of what could hap-
pen in areas with unstable geology.

2. Inundation/Coastal Flooding - “Water seeks
its own level” Will coastal communities respond to in-
creased ocean volumes with what are now classic man-
made solutions such as the canals of Venice, the dikes
of Holland, or the levees and pumps of New Orleans?
Can we afford these costly engineering solutions that
¢ities that are below sea level have learned to live
with?

3. Increased Salinity — Larger volumes of sea
water will find their way upland, destroying estuarine
areas, (poesibly creating more estuaries), but in effect
polluting aquifers, What will be the impact on
fisheries? (Could this passibly be a boon teo
aguaculture, but a death knell to traditional in-
dustries?) Where will we get our drinking water?
What about the water needed for industrial processes?

4. Coastal Erosion — This may be the primary con-
cern of coastal land use planning: How do we keep
from losing the ground we've got? In Mississippi, will
our seawalls and beaches provide encugh protection
to withstand the oncoming tide? What about the im-
pact on existing and on-going development of our bar-
rier islands, particularly in coastal Alabama and
Northwest Florida?

These sea rise issues raise a multitude of questions.
We, at the community level, do not yet have many of
the answers.

The good news, based on analysis of past sea rise
trends in the northern Gulf of Mexico region by the
Louisiana Geological Survey, is that Mississippi,
Alabama, and Florida have experienced minimal sea
level increases in comparison to the larger global
trend. The Biloxi area has experienced an average in-
crease of about 0.04 inch per year between 1939 and
1983, Mississippi, Alabama, and Florida can probably
expect future sea level increases on a relatively low
basis due to the fairly stable physical geography and
geology of their coasts.

Louisiana, on the other hand, has not and will not
fare as well. Its soft, spongy, coastal geology has con-
tributed significantly to a relatively high trend in sea
level rise and has accounted for the conversion of hun-
dreds of thousands of wetland acres into open water.
The Louisiana coast has experienced relative sea level
increases as high as 0.5 inch in a single year. As much
as 90 percent of Louisiana’s higher rate of sea rise is
attributable to subsidence.

An extrapolation of Louisiana’s recent sea rise
trends by the state’s geological survey predicts an in-
crease of about 5 to 7 feet for the Louisiana coast over
the next century. For now, this forecast represents the
worst case scenario for sea rise in our region,

Overall, for local planners in the Gulf region, the
bad news is that we really don't know yet how bad the
bad news is. Much more localized data and ceastal
monitoring are needed for us te make the best inform-
ed decisions. But planners are certainly not strangers
to uncertainty. Given what we do know, we can still
make some basic assumptions about how sca level in-
creases will affect land use planning for coastal areas.

We will let the natural scientists attempt to solve
the more difficult “coastal process-type” problems
associated with submergence, emergence, and increas-
ed salinity. The balance of this report will deal with
considerations that should be incorporated into local
planning processes in order to address the coastal ero-
sion and fleeding concerns that may result lecally
from predicted sea level rise.

Local Responses
to Projected Sea Rise

It’s human nature to procrastinate. But it also
makes good sense and usually costs less to plan. With
the forecasted rise in sea level, how long can we af-
ford to put off addressing the problems that may
result? Do we start now to program expensive capital
improvements for flood protection and erosion control?
Or can we wait and see what happens? Can we im-
plement less costly educational and regulatory pro-
grams to prevent or minimize sea rise impacts? How
bad will it be? When will it happen?

First, to answer these questions we need current and
accurate data at the loeal level. We need to improve
our forecasting ability. And we need to constanily
monitor ocean level changes and trends. Fortunate-
ly, a number of environmental and marine-related
agencies at the state and federal levels are making
innovative strides in information gathering and
analysis that will greatly aid our coastal planning
efforts.

Secondly, we as individual citizens, and we, collec-
tively as communities, need to fully understand the
potential impacts of sea rise. Education is the key.
Conferences such as this and publications like the
ones that have been prepared by several of our expert
speakers are essential to aid our own understanding
and to convert us lay persons into coastal educators
in pur own localities. A basic understanding of what
can happen with sea level rise is critical to reaching
local consensus as to what measures must be taken
for coastal protection,



A third prerequisite involves local organization and
capability. Many local governments do not act, they
react. Without the public information, education, and
consensus noted above, they may underestimate or
even ignore potential sea rise impacts until its too
late. Given no impending mandate, governmental
leaders may not allocate the resources required to ade-
quately provide for coastal protection. For those local
governments that do make a commitment which ad-
dresses the sea rise problem, the protection measures
employed will depend largely on their financial, legal,
and technical capacities.

But the solutions to sea rise protection do not rest
solely on the shoulders of local government. A fourth
essential element relies on coordination and coopera-
tion at all levels. A considerable amount of informa-
tion, discussion, and planning will have to be shared,
digested, and implemented among federal, state, and
local agencies and organizations. And to implement
and underwrite the required capital projects and
regulatory measures, government will need extensive
coaperation and assistance from the private sector.

With this foundation of community prerequisites
established, we can now, finally, talk about some
specific coastal protection measures that should be in-
cluded in local land use planning. For the purposes
of this discussion, I will group these measures into
two broad categories: (1) structural solutions, and (2)
regulatory policies.

Structural Protection

Construction solutions are generally part of a local
capital improvement program, a major element of the
local planning process. These are permanent, public
improvements typically financed by long-term debt,
repaid by loca) tax resources collected over the ex-
pected lives of these facilities. They take a relatively
long time to plan and develop, and are usually expen-
sive to design, construct, and maintain. These capital
projects require a substantial public commitment, but
they are usually expected to last from 20 to 50 years.
Only larger communities have the capacity to pro-
gram these facilities on a regular basis. Smaller
locales have to be more strategic and resourceful —
they must make more hard choices.

The following coastal protection measures fall into
the structural projects category:

s Levees, dams, dikes, seawalls, bulkheads,
breakwaters, jetties, groins, and similar contain-
ment or retainment facilities;

» Engineered drainage systems like storm sewers,
channelized water courses, spillways, and pumping
systems; and

« Beach replenishment and erosion control projects
and maintenance programs.

The first two types of structural facilities, centain-
ment/retainment projects and drainage systems, are
cbviously the most expensive and require the most ad-
vance planning. The larger-scale versions sometimes
create more environmental problems than they solve.
In communities that will find themselves at or below
sea level as a result of sea rise, these measures may
be the only practical solutions. Smaller versions of
these projects may alsa be necessary for flood preven-
tion purposes in those areas above sea level that suf-
fer from continual erosion of protective wetlands and
beaches — especially during periods of storm surge
or periodic flooding. Because of the sophistication and
cost. of these high-tech construction projects, they will
require the most timely and accurate forecasting and
monitoring of sea level rise.

Beach replenishment and erosion control measures,
in areas that have beaches, tend to be the most cost
effective coastal protection solution. The process in-
volves periodically pumping in new sand onto the
beach, often from ongoing dredging activities (that is,
if the dredge material is suitable), and then maintain-
ing the newly restored beach with erosion protection
measures. Erosion control is typically accomplished
by letting natural dunes form, planting natural
vegetation, cleaning and shaping the beach on a
regular basis, and sometimes constructing small
groins or jetties to minimize lateral tidal erosion.

In the northern Gulf region (except in Louisiana),
beach replenishment and maintenance may well be
the primary construction selution for combating sea
Jevel rise and coastal erosion in many of our shoreline
areas. In Harrison County, we are fortunate, We've just
spent $4 million to replenish our 26-mile man-made
sand beach. A regular beach maintenance program
has been implemented. This restoration project was
undertaken to protect our 10-oot (MSL., average} high
seawall and U.S. Highway 90. The beach, as a tourism
and recreational amenity, is an excellent fringe
benefit.

1f our luck holds, and the current searise forecasts
do not get any worse, periodic sand beach replenish-
ment and the seawall may be all the structural pro-
tection we need in Harrison County — at least for the
next 50 years. Those areas that are not able or not
willing to protect their beaches may not as be as for-
tunate.

Public Policy and Regulation

Many people mistakingly consider regulatory
policies like zoning and land development controls to
be the end-all and be-all of land use planning The
regulations tend to be the mest controversial and thus,




get the most publicity. I've tried to be a bit more com-
prehensive with our discussion of coastal issues, in
order to show that good local planning involves a great
deal more than regulation. In fact, land use regula-
tion should be merely a tool in implementing a sound
development plan, And to be meaningful, land use
controls must be based on a thorough and understand-
able analysis of relevant development trends,
forecasts, opportunities, and objectives, Plans and con-
trols must be grounded in responsible public senti-
ment, and reflect true community values

Land use controls are part of a myriad of policy
devices that are used to implement community plans.
Some policies can be educational or encouraging in
nature. Rather than saying what you can't do, they
provide incentives or advice on what you can do. Even
doing nothing can be a policy, if that's the will of the
local eitizenry and its governing body.

Enough preaching. What policy and regulatory tools
are available for coastal protection? The following pro-
vides a sample of some of the emerging concepts:

* Policies that encourage sea rise-cognizant design
and construction of future waterfront facilities;

* Dis-investment development strategies in areas pro-
ne to coastal hazard;

* Expansion of flood protection and insurance pro-
Erams to include erosion control programs; and

* Land use standards to ensure coastal protection, in-
cluding zoning,

These planning techniques are listed in order from
the least to the most restrictive. All are designed to
build coastal protection measures into ongoing, local
planning processes.

Local design and construction policies can be im-
plemented that take sea rise forecasts into considera-
tion. Design guidelines can be incorporated into local
code enforcement programs to encourage waterfront
construction which minimizes and prevents coastal
erogion and reduces coastal flooding. As sea rise
forecasting and monitoring becomes a more exact
science, we will have a better idea of what the conse-
quences will be. Then the guidelines can be upgrad-
ed, possibly into minimum standards, if so warranted.

In areas where we may lose existing wetlands,
lowlands, and expanses of shoreline, we will need to
implement “dis-investment” policies. Such policies
might be as simple as not providing or expanding the
community facilities and services required to support
any further growth in the hazard areas. Or these
policies may be more comprehensive and include the
withholding of all financial, technical, and political
support for development. In areas of relatively rapid
sea rise, we may see more drastic measures like amor-

tization and removal of existing structures, or even
& meratorium on development.

The Federal Emergency Management Agency and
a number of state environmental and marine agen-
cies have investigated variations on the above themes.
In fact, FEMA has congressional authority to incor-
porate coastal erosion protection into its oversight of
the National Flood Insurance Program. The current
thinking is to put the burden of coastal erosion pro-
tection on those that create it, and thus, need it the
most. This is very similar to what has been done with
the flood insurance program. And like flood insurance,
communities will only be able to participate in a
coastal erosion insurance program if they adopt more
stringent erosion control regulations.

This brings us to the “E” Zones (Figure 1). On-going
state and federal research is leading toward a stan-
dard method of coastal hazard regulation known as
erosion or “E” zones. Like the “V” or velocity zones
used by FEMA for flood hazard protection, the “E”
zones would carve coastlines into measurable areas
of varying degrees of erosion hazard. Zone
measurements would be based on detailed area map-
ping, some of which I understand is now taking place,
that would be combined with statistical data into a
computerized geographic information system (GIS) for
monitoring and forecasting coastal erosion.

" The proximity to the shoreline of each “E” zone
would prescribe what level of development, if any,
could take place. The upland edge of the shoreline,
measured at some physical reference point, would
serve as the outboard boundary of the first “E” zone.
This zone, which is the area in most immediate
danger from erosion, would allow no new habitable
structures and would encourage removal of existing
buildings. Successive upland zones would limit con-
struction te potentially moveable residences and then
to readily moveable buildings, depending on hazard
levels. ‘E” zones would prebably be administered as
overlay districts in existing local zoning or flood pro-
tection ordinances, much like they are now as & re-
quirement for participation in the national flood
insurance program.

Other coastal land use controls being investigated
at the various levels of government include the follow-
ing propositions.

1) One proposal centers on strengthening state
coastal management programs to increase wetland
creation requirements when mitigating coastal per-
mits requests. In other words, developers may be
required to create a greater ratio of new wetlands
as a trade-off for the environmental damage that
may caused by their projects. Wetland creation
standards could be designed to compensate for the
expected loss in wetlands due to sea rise.



2) Another approach would establish a future date for
a construction moratorium on certain types of
marine construction that contribute to coastal ero-
sion and flooding. For instance, local or state
regulators could establish the year 2020 as a

“sunset” date for new construction of bulkheads or
residential boat slips. Beginning in that year, no
one would be able to comstruct these types of
marine projects. Everyone then has plenty of notice
and everyone has to live by the same rules. The

"E" ZONES

RECEDING REFERENCE E-10 E-30 E-80
SHORELINE FEATURE LINE LINE LINE
ZONES - EZoes | __
E-10 E-30 E-60
imminent Intermediate Longer Term
Harard Zone Hazard
SETBACKS No New Moveeble Readily Large
Habitable Single Famlly | Moveabls | Structures
Structures Structures Stuctures | Allowed
FLOOD Exdstl
INSURANCE <« cmnfgo uired ——>
- For To Be Maintained
Benefits.
No New
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—

‘?. (Not 10 scaie)

Figure 1, “E"” zones (erosion zones) have been developed for coastal hazard regulation. Source: Adapted
from “Managing Coastal Erosion,” National Academy Press, 1990,
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Sunset, deafiline can be tied to the more critical
hazard periods of projected sea rise.

3 A third proposal involves public acquisition or land
banking of sensitive coastal areas. Albeit expen-
Bive, this technique gives local or state governments
direct control over coastal areas through fee sim-
ple ownership. Ground leases could be issued for
hazard-sensitive, interim developments, and then
terminated when the more dangercus impacts of
sea rise begin to be felt.

Each of these coastal land use policies has its ad-
vantages and disadvantages. Which will be im-
plemented? It depends on how accurate our sea rise
forecasts are, on how bad our coastal erosion and
flooding problems become, on how well we do our ad-
vance planning. One thing is certain, though, There
is 1o need 1o reinvent the wheel. We can draw on our
experiences with traditional comprehensive planning,
coastal zone management, flood protection and
emergency preparedness to create reasonable and ef-
fective constal protection policies. We need to especial-
ly learn from our mistakes.

Coastal Land Use Considerations

Before I close, [ would like to identify some special
considerations for certain types of coastal land uses.
These locational and site requirements peculiar to
water-dependent land uses must be factored into our
overall planning for coastal sea rise.

The expansion and development of our ports, har-
bors and marinas must be provided for. Qur ports and
harbors will continue to provide the transportation
infrastructure for many of our industrial processes.
Commercial docks and loading facilities are the
backbone of our fisheries. As leisure time and ac
tivities increase, so does recreational boating. As we
safeguard ounr coastlines by reducing individual,
fragmented dock space, we need to provide convenient,
well-served, publicly accessible, marinas.

Similarly, we need to ensure improved public access
and cost-effective development of such recreational
facilities as boatramps, community piers, fishing
areas, and waterfront parks. In many cases, these may
be the highest and hest uses for potential hazard
areas. We also must develop a sensitivity to our poten-
tial sea rise dilemma as we develop new landside
public facilities. New upiand infrastructure must be
located in floodproof areas, and should not create flood
or erosion hazards downstream. We don’t need
submersible sewage treatment plants, floating ex-
pressways, or drainage systems that don't drain. Nor

do we need water wells or supply systems con-
taminated by salt water intrusion, or water lines that
collapse with periodic flooding. We don't need public
buildings that go under water with each storm (and
in sorne cases, lose their roofs), especially if they are
designated as storm shelters. We must eventually
realize that we live in coastal areas and that we have
certain responsibilities and limitations. Sea rise may
drive that peoint home.

By the same token, we may soon learn that not all
land uses belong on the water. Here, our lifestyles may
come in serious conflict with our obligations. Having
the waterfront as the backdrop for most of our human
activities may become a luxury sooner than we think.
Although many industries and their support services
require waterborne transportation, their actual pro-
cessing or production facilities can be located almost
anywhere. We need to determine which industries are
truly water dependent, reserve adequate space for
them, and design facilities that minimize flooding and
shoreline retreat.

And when you really think about it, how many com-
mercial establishments and residential developments
need to be located on the water? It sure adds to the
ambience! But here again, we may be in for some at-
titudinal adjustments. Perhaps we should encourage,
at least on an interim basis, compact concentrations
of mixed uses for the retail and service businesses and
offices that benefit from a waterfront location. As sea
level rise invades our coasts, the scareity and cost of
waterfront land may automatically control its use.
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Abstract

A survey was made of local, coastal governments in Florida to establish a 1990
benchmark for comprehensive plan attention to sea level rise (SLR); sources of SLR
information in use; resource-specific opinions regarding the severity of previous and
projected rates of SLR; and types of most-needed assistance. Most (71%) respondents
of 76 total were municipalities. More than two-thirds of all respondents had com-
prehensive plans approved or in review. Forty percent of the plans referred to SLR.
In planning stages, one-fourth of the respondents discussed SLR at workshops and
staff meetings and level of local interest in SLR was reported as “some concern’ {(42%),
a “important but a minority voice” (11%), or “very serious” (3%). SLR was not an
issue for 43% of the respondents. Local officials get SLR information from journals,
television, local scientists, newspapers, professional meetings, and citizen input, in
descending order of importance. One-fourth get their information exclusively from
popular sources. Respondents believe that impacts from historic SLR rates have been
minor for most resources.

“Major” historical impacts were reported for islands, estuaries, beaches and dunes,
wetlands, and shore protection structures. Impacts are expected to be more widespread
and severe for 10- to 50-inch SLR by the year 2100. Most concern was reported for
beaches and dunes, islands, wetlands, estuary/lagoons, and shore protection struec-
tures and drainage systems (tied). Fewest concerns were reported for farmlands, land-
fills, industry, and cultural resources. Assistance requests were numerous, mostly
for general SLR data (19%), more certain projections (9%), and technical planning
assistance (7%). Local governments already recognize SLR as a significant issue; re-
ly on professional sources for guidance; and believe that historic impacts are
manageable but recognize considerable risk if rates accelerate. Based on these find-
ings, recommendations are made for subsequent state-level assistance to local
governments.
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Introduction

An upper limit to Florida’s stake in sea level and
the issue of sea level rise can be set as the combined
value of its natural resources and cultural infrastrue.
ture situated along the coast. Most of the state’s
biclogy, geology, and chemistry are the result of past
sea level stands, and human settlement patterns are
filigrees of development on the edge of a comparative.
ly stable sea that has persisted during the past cen
tury, Actually, sea level has been Tising since 1900 at
a rate of one to two millimeters per year, and this
history is legible in the geology and biology of
Florida's coastline. A hundred years ago, this process
was unknown, but probably would have changed lit-
tle in the way the coast wag explored, settled, or
developed. Now, with most of the state’s population so
close to the coast and every part of the shore valyed
highly as private or public property, the implications
of rising sea level —even a gradually rising sea— must
be reckoned. Increasing hurricane vulnerability is a
good example of how small but chronic, vertical in.
creases in water level can be transiated into large and
acute horizontal (inland) effects.

An accelerated rate of sea level rige is one outcome
of global warming generally predicted to acecompany
the accumulation of carbon dioxide and other
greenhouse gases. In 1990, it is fair to summarize in-
sight to the issue of global change thusiy: a doubling
of greenhouse gases by 2100 is reasonably certain; a
significant (ca. 3°C) increase of average, global
temperature is probable in 100 . 150 years, and o are
regional cases of higher and lower warming; and some
acceleration in the rate of sea level rise is possible.

The policy issye facing Florida and other low coasta)
8tates is how to respond appropriately to the probabili.
ty that sea leve] will continue to rise at Jeast ag rapid-
Iy a8 it has during the past century, and to the
Possibility that the rate will accelerate. In the former
case, the practical problem is separating the impacts
of a slowly rising sea from thoge associated with the

must be made in the fields of satellite monitoring, at-
mospheric chemistry, and modeling of the coupled
atmosphere-hydrosphere-lithosphere. And the proxy
record for past climates must be broadened and
deepened. .

The next decade will see much improvement in our
understanding of Earth’s climate and its respon-
siveness to human forcing. An analogy with the
dramatic improvements made in 10 years of AID§
research is not a misleading expectation, but even if
theoretical advancements are arrested for reasons yet
unknown, we can still evaluate the prospects ni" ris-
ing sea level with 20 to 30 years more of direct
measurement. By 2025, the signal of future rates of
sea level should be apparent through the use of
straight-forward statistical analysis. By the same
time, we could also know which natural and cultural
resources are at greatest risk, and how best to res-
pond. The economic advantage of early preparation
for sea level rise has already been demonstrated: in
Florida's case, the policy issue reduces to the ap-
propriateness of advance planning before the 21st
century,

This paper speaks directly to the impact of ac-
celerated rates of sea level rise and indirectly to the
continuation of existing rates. The basis for the paper
was a survey conducted at the levels of county and
municipal government in Florida. The survey was
sponsored by the Governors Coastal Resource
Management Citizen Advisory Committee (CRMCAC)
and was performed by the Mote Marine Laboratory,
with the assistance of the Coastal Management Of.
fice of the Florida Department of Environmenta!l
Regulation. The CRMCAC was created by Executive
Order 88-63, in 1988, to assist the state with im-
plementing the Florida Coastal Management Act of

Subcommittee on Sea Level Rise,

The goal of thisg Project was to establish a 1990
baseline description of local government awareness
and concern for the issue of sea leve) rise. Objectives
of the survey were tp:

* Determine the extent to which loea] government
comprehensive plang addressed sea level rise;

* Characterize 1o¢al government interest in,

knowledge of, and sources of information on the
issue of sea level rise

* Identify types of informatign about sea leve] rise




that would best assist local governments monitor
the issue.
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Methods and Rationale

A short, open survey was constructed (Appendix ).
It began by identifying the respondent, classifying the
level of government and establishing the status of the
government’s comprehensive plan. Florida has 35
coastal counties and 160 coastal cities and towns
(Florida Administrative Code, Chapter 17-24). Collec-
tively, these govern about 90 percent of Florida's
population, itiustrating the attractiveness of the coast.
Beginning in 1985 with the Florida Local Govern-
ment Comprehensive Planning and Land Develop-
ment Repulation Act, counties and municipalities
have been required to develop comprehensive plans,
which must contain elements on housing, water and
sewer, transportation, coastal management, recrea-
tion and open space, conservation, and future land use.
Each element must establish goals and adopt objec-
tives, in some cases tied to predetermined level of ser-
vice standards. The plan must lead to a future land
use map, capital imprevements plan, development
codes, ordinances, and other implementation
measures consistent with the local plan. Once
adopted, the plan can only be revised under a formal
and public process under local control. Because coastal
governments were required to prepare their plans in
advance of inland governments, the form and content
of each plan was well known to coastal governments
by the time of this survey, at least with respect to plan
references to sea level. Therefore, the survey asked
local governments to identify plan elements address-
ing sea level and indicate the extent of plan coverage,
ranging from narrative/background to land develop-
ment codes or ordinances. Copies of pertinent plan sec-
tions were solicited if respondents indicated any plan
references to sea level or sea level rise.

Four questions were asked in order to learn how
local governments regarded the issue of sea level rise,
apart from the content of their respective comprehen-
sive plans. In related planning contexts, we desired
to know whether sea level rise has been discussed at
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public workshops, by department or agency staff, or
by elected officials. This set of questions meant to
reveal the penetration of sea level rise as an issue from
the citizen to policy-maker levels. The survey then
asked respondents to choose one of four statements
describing their government’s general perception of
sea level rise as an issue of importance, with options
ranging from “not an issue of interest” to “very serious
congideration” Respondents then were asked to iden-
tify their primary sources of information on sea level
rise, and were given eight technical and popular
sources to rank, plus an open “other” category. Final-
ly, we asked whether respondents knew of any
employee in their respective governments who
monitored the issue of sea level rise, or of other per-
sons to whom staff turned for information on the sub-
ject. A place was provided to identify these people.

The next section of the survey sought to describe
respondents’ perceptions of the type and severity of
impacts associated with a relatively small historic rise
of sea level, and also an accelerated rate of future sea
level rise. Im each case, 16 coastal resource categories
were presented (4 “natural” and 12 “cultural”} and
respondents were asked to state whether known,
suspected, or expected impacts of sea level rise are
none, minor, major, or unknown. This method inten-
tionally created latitude in interpreting the resource
and meaning of each level of impact because we were
aware of the considerable variability that exists in
both sets of terms, among local governments situated
along the Florida coast. In other words, “wetland,’
“historic structure] or “port” have different contextual
meanings in each government. Likewise, the loss of
a small wetlang may be “minor” to one local govern-
ment but “major” to another. The future case was
presented as a scenario in which sea level rises 10 to
50 inches during the next century, and respondents
were expected to evaluate resource impacts according
to their own use of that range. In fact, the lower limit
of 10 inches simply extends the actual, past rate nto
the future.

The upper limit for sea level rise was set at 50 inches
(1.27 meters) to correspond to the well-publicized
«Middle-Low” estimate of 55 inthes used by the En-
vironmental Protection Agency. New estimates by
other sources were made, after the survey was
prepared, which set the upper limit of predicted sea
level rise in the range of 29 to 49 inches (0.73 to 1.25
meters) per century.

Finally, respondents were asked to identify the types
of policy or technical support that would be most
helpful in planning or other local government fune-
tions, with respect to sea level rise, and whether they
wanted a copy of the report.

A mailing list provided by the DER Office of Coastal
Management was used to send the survey and a cover



letter to the chairmen of all coastal county commis-
giens, and to the mayors of coastal cities and towns.
A total of 174 surveys were distributed. After a
6-month response period, a preliminary tabulation of
returns indicated that replies from county govern-
ments and large city governments were under-
represented. Consequently, a second set of surveys was
mailed to the directors of planning departments in
counties and large cities for which replies had not
been received. Twenty-one surveys were distributed
in the second mailing,

Results and Discussion

Eighty replies (total) were received from the two re-
quests. Of these, four were discounted as inadequate
or nonresponsive, leaving 76 useful replies, or 44 per-
cent. All data used in this report accompany the
survey form in Appendix [ and respondents are listed
in Appendix IT. County governments accounted for 22
replies (29% of total response) and city governments
accounted for 54 replies (71% of total response). As
there are 35 coastal counties in Florida, this survey’s
completeness for that level of local government was
63%. Based on 160 recog,nized coastal cities, 54 replies
represents a completeness of 34%. Regponse to the se-
cond mailing was high (86%) and probably reflects the
effectivenesa of targeting the requests to planning
directors,

The southern half of the peninsula produced more
county responses than other coastal reaches (Figure
1). The northeast seacoast was only represented by
Volusia County, but geophysical conditions in the

northeast are similar to the southeast coast,
represented by five counties. County-wise, coverage of
Pensacela and Choctawhatchee Bays and Charlotte
Harbor was spotty, but other large bays and lagoons
were represented well. City-wise, coverage was slightly
better along the Atlantie coast than along the Gulf
coast (Figure 2). Panhandle response was low and no
cities were represented in the survey from the long
but sparsely populated coast from Panama City south
to Dun.edin. Gulf coast cities situated along barrier
island reaches responded better than did cities on
open shorelines.

Plan Coverage

Most {91%) respondents had submitted their local
plans by the time of their reply to the survey. Over
the 6-month response period, the number of approved
plans was the same as those still in review and 15
(22% of submitted plans) were under appeal or being
negotiated. Sixteen responses failed to indicate
whether sea level rise was addressed, leaving 60
useful replies, of which 36 (60%) reported no plan
coverage of the issue.

A total of 24 local governments reported that sea
level/rise was addreased. This response means that
40% of usefully responding governments considered
the issue to some extent. For the sample population
as a whole, at least 14% —or one in seven— of the
coastal local governments elected to address sea level
rise in some manner, within the text of their official
comprehensive plans. It should be noted that the issue
of sea level rise was not a mandatory or even a recom-

Figure 1. County governments in Florida responding Figure 2, City governments in Florida responding to

to the survey.
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mended element of local government comprehensive
plans, so the degree to which it has been recognized
represents & aseful measure of voluntary concern.
Not all respondents included copies of pertinent
plan language so the accuracy of respondents’ reports
could not be verified. In fact, inspection of plan ex-
cerpts submitted with the surveys indicated that some
reports of pertinent language were not actually so, but
dealt instead with issues of beach protection, coastal
construction, hurricane preparedness, or post-disaster
planning. In most cases (15), the issue of sea level rise
was reported as having been addressed as background
to the Coastal Management Element of local plans.
An example of how sea level rise was treated is cited
from pages 41-42 of the Hernando County plan:

Sea Level Rise

These is increasing concern that sea levels are nsing.
various scenarios have been deveiopad lo predict the future
magnitude of the documented steady increases in sea fevel !
The number of feet of rise is predicted as follows for the year
2100;

Typa of Feet ol
Projection Alse
1. Minimum i8
2. Maximum 1.3
3 Average 59

Along the Hernando County coastling, the average predicted
sea levei rise could move the shoreline landward from iis pre-
sant location a distance of about 2.5 miles. This new shoraling
is shown on Map 53 [Figure 3 of this veport] tor the entirg
coastal zone. The new shoreline would be located near to what
is currently the “'V-zone” boundary as previously described.

It is noteworthy that Hernando County has a large
expanse of low marsh, a sediment-starved coastline,
and the benefit of a recent site-specific study that
made explicit reference to the potential impact of sea
l3eve] rise, including a map of the affected area (Figure

).

As the local government plans moved into goals and
objectives, and then to implementation via develop-
ment codes, ordinances, ete, references to sea level rise
dropped rapidly. The most definite reference to sea
level rise in the substantive parts of local plans we
read (Collier County) was only advisory: the county’s
coastal management policy 11.6.4 stated “The pro-
gram shall consider the implications of a potential rise
in sea level” Similar language appeared in the same
plan for development and redevelopment proposals.

‘Albert C. Hine and Daniel Belknap. Recent geological history and
modern sedimentary processes of the Pasco, Hernando and Citrus

gﬂu:;ty coastline, west central Florida Florida Sea Grant Report
a 79,

< ————mm——ssce
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To recapitulate, in 1990 some 40% of responding local
governments reported plan language that addressed
sea level rise. Several of these reports were indirect
rather than direct references and direct references
were made almost entirely as background to coastal
elements. Few references to sea level rise penetrated
to more important planning levels and those that did
were advisory in nature. From this situation, we con-
clude that sea level rise was an issue that voluntari-
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Figure 3. Potential shorclines of Hernm:ldo‘ County ml
the year 2100. Line A corresponds o a rise in sea lexfe
of 3.3 feet; Line B, 5.9 feet. Borders of the Chassahoww‘
zka National wildlife Refuge are also shown. {Source:
Hernando County Comprehensive Plan, p- 110



ly arose often, but mnot certainly, as plans were
developed but it was not regarded important enough
to warrant action, at least far the immediate planning
horizon.

Interest and Knowiedge

When asked whether the issue of sea level arose dur-
ing public workshops on the local plan, or as a staff
initiative, respondents replied yes in one-fourth of all
replies (N=74). It is interesting to note that elected
officials raised the subject of sea level rise only half
as often (13.6%) as the general public or planning
agency staff. Disinterest on the part of elected policy-
deciding officials parallels the penetration of sea level
rise as an issue in plan implementation, and may be
the cause although reasons for this are not apparent.

When asked to summarize their government’s
overall attitude toward sea level rise, more
respondents replied that it mattered to some degree
(67%) than not at all (43%). Twe replied that “sea level
ie & very serious consideration in our government and
it affects several policies and programs, budgets, and
practices” and eight replied that “one or a few staff
or officials mention it as an important issue, or they
may have actually undertaken some task or effort ad-
dressing sea level rise, but these are minority voices”
Among replies expressing any concern for the issue,
the majority (32) held that there is “some knowledge
or concern on the part of staff or elected officiails, but
other issues are far more pressing and there just isn't
time to give it more attention” In light of these
results, it may be correct to view local government
staff concerned for sea level rise as a minority, both
within and between their governments. There was a
definite counter-position expressed in some replies, for
which one thoughtful example is quoted:

“The effect of sea level rise on Volusia County is not
expected to be significant. Our data indicaie that
relative sea levels have been essentially stable since
1874, the earliest, accurate available record. The coun-
ty's beaches and estuarine shorelines appear to be in
the same configuration during this period. Moreover,
recent studies by Dr. Dean and others suggest that rises
in sea level have not been responsible for beach erosion
in Florida. In fact, tide gauge stations in Florida show
a decrease in the rate of sea level rise since the 1960%,
and even o slight decline in some places. Relative sub-
sidence of land appears to be the major fuctor of upland
inundation as a result of changes in water level In this
part of Florida, local subsidence is negligible”

In addition to its content, this is an interesting reply
because of its reference to an external {to local govern-
ment] avthority, in this case Dr. Robert Dean of the
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Table 1. Sources of sea level rise information used by
local governments,

Sources, Ordered by Number of

First Choices All Choices
Journals Newspaper

Television Journals
Newspaper/Local Scientists Professional Meetings
Professional Meetings Television

Citizen Input Local Scientiats
Popular Magazinesa Popular Magazines
- Citizen Input

University of Florida. Such use of technical informa-
tion was seen also in the case of Hernando County's
plan reference to the Hine and Belknap report on
coastlines of west-central Florida, although in the lat-
ter case the external authority was cited in support
of concern for sea level rise. Here we see the impor-
tance of technical information sources available to
local government, and also the “sampling effect” that
can result when staff access to resident or outside ex-
pertise is incomplete. We shall take each in turn,
beginning with the general sources of information
about sea level rise on which local governments
depend.

Moast respondents (72 of 76) indicated a first choice
of information saurces, but subsequent choices were
made in progressively fewer replies (51, 33, 15, and
9 replies for second, third, fourth and fifth preferences,
respectively). Table 1 summarizes the rank order of
information sources in terms of importance.

Local governments drew from a diversity of infor-
mation sources on sea level rise. Except for staff
meetings, which were almost never cited as a source
of information, the twa least-used sources were citizen
input and popular magazines. Popular sources were
important as first or any choices and appear to
balance the use of technical sources by local govern-
ments. Professional meetings, local scientists, and
especially journals were relied upon as much or as
more as pepular sources, However, the blending of
multiple sources was not as striking as their segrega-
tion into popular and technical subsets (Table 2).

We noticed in tabulating replies that many (47%)

Table 2. Distribution of information sources by type.
Citizen input was counted as “popular” and staff
meetings were counted as “technical” sources.

Type No. %
Only Popular Sources 16 24%
Only Technical Sources 20 29%
Mixed Sources 32 7%
N 68 100%




reported mixed sources, some (24%) reported only
popular sources, while others (29%) reported only
technical sources. We conclude that three-fourths of
the local government respondents used technical
sources to advantage all or part of the time, whereas
one-fourth made exclusive use of popular sources of
information. Given the negligible reliance of these
respondents upon other staff it must be further con-
cluded that many coastal governments in the state
could be operating with highly limited knowledge on
the subject of sea level rise.

As mentioned, local governments reported & low
{19%) use of resident or outside expertise. Twelve local
governments identified an employee in planning or
another agency who monitored the issue of sea level
rise, and three replies identified local scientists who
were used for guidance on the issue. Only one of these
15 replies made exclusive use of popular sources of
information. This sample was small but suggested
that local governments monitoring sea level rise relied
upon technical sources more than popular sources.

Risk Assessment

Responses to the two scenarios revealed patterns in
the perception of risks associated with sea level rise,
as held by local governments. The first scenario was
more accurately the record of sea level as measured
in Florida during the past several decades. For all
resources combined, respondents indicated “no effect”
an average of 40% of the time, compared to 32%
“nnknown” 22% “minor effect,” and only 6% “major
effect” The three most cited instances of major effects
were beach/dune, islands, and wetlands, in descending
order? followed by estuary/lagoon, and shore struc-
tures and drainage systems (tied). Whereas most of
these have sensible vulnerabilities to sea level rise,
especially in terms of hurricane impacts, it is curious
that six local governments cited major historical im-
pacts to wetlands, Unfortunately, explanations were
not requested or offered for their impact assessments,
so reasons for these listings are unknown. Studies
relating sea level changes to meodern wetlands in
Florida are few and we know of none that documents
specific wetland loss —or change in general— to sea
level rise, but the survey results offer an opportunity
to pursue this question with affirmative respondents.

On average, one-fifth of the replies reported minor
effects to local resources resulting from sea level rise.
In descending order, the resources most frequently
reported as having had minor effects were islands,
wetlands and beach/dune (tied), shore structures,

Effects were expressed as percentages of all responses given for
each resource, and ranks were based upen within-resource scores.
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estuary/lagoon, and roads, followed by drainage
systems and ground water (tied). The less-affected
resources were similar to most-affected ones with the
additions of roads and ground water. For reasons that
can only be evaluated on a case-specific basis, some
10% of respondents believed that sea jevel Tise was
responsible for some measure of impact to roads and
ground water.

Again on average, 40% of the replies stated definite-
jy that the historic rate of sea level rise has had no
effect on their resource base. The majority of “no-
effect” replies were made for cultural resources and
infrastructure (in contrast to replies of “unknown,”
which were made most often for natural resources).
In descending order, resources for which no effects
were reported were landfills, farmland, ports, industry.
historic structures, archaeological sites, and utilities.

One-third of the replies stated that effects of historic
rates of sea level rise were unknown. This choice was
made most often for ground water, surface water, ar-
chaeological sites, shore structures, estuary/lagoon,
and wetlands.

Responses to the future scenario were of interest
because of the changes in perception of risk they
reported, compared to historic impacts. For alil
resources combined, respondents indicated “no effect”
an average of 19% of the time, down from 40% for
historic conditions. “Minor effect” and “unknown” each
contracted from 22 to 19% and 32 to 27%, respective-
ly. These downward changes were mirrored by an in-
crease from only 6% (historical) to 36% {future) impact
ratings of “major effect.” Overall, respondents gave
more definite and more extreme assessments of possi-
ble effects resulting from an increased rate of sea level
rige, than for historical rates. This pattern indicates
a sense of greater risk to coastal resources in the
future than in the past. However, some respondents
could have interpreted the range {10-50 inches per
century) at the lower end while others used the up-
per end. Thus, the results mask the possibility that
even historic rates were interpreted to have greater
future consequences now that the coast is intensive-
ly developed.

In descending order, resources for which majer,
future effects are expected included beach/dune,
islands, wetlands and shore structures (tied), drainage
systems, estuary/lagoon. roads, and utilities.
Resources with the most “minor effect” replies were
utilities, roads, historie structures, archaeological
sites, estuary/iagoon and shore structures (tied), and
surface waters and drainage systems (tied). These lists
show small overlap with resources listed most often
as “no effect” or “unknown’ For example, the most
common cases for which no effect was projected were
landfills, farmiand, industry; archaeclogical sites and
historic structures (tied), and surface water. Likewnse,




unknown effects were cited most often for ground
water, industry, archaeological sites, farmland,
historic structures, and surface waters,

Information and Assistance

Thirteen of the seventy-six responses did not reply
to this question. A total of 89 separate requests and
suggestions were made by the others, with requests
for general information on sea level made moet often.
Insight to the types of information that would be
responsive to local government requests is available
from the replies. The single most-wanted piece of in-
formation was more certain rate forecasting of sea
level rise. Many local governments seemed expertly
familiar with uncertainties concerning sea level and
rate projections, whereas others seemed aware that
the subject ia generally indefinite or disputed, as il-
lustrated by these two remarks:

“The scientific communily (needs] to reach a consen-
sus on rate of see level rise and graph past and pro-
jected rates that are smoothed so that small-scale
variations do not confuse the overall picture”

“The biggest problem is conflicting reports from the
scientific community on the severify of the problem, in-
cluding some who think it is not a problem.”

One strategy in assisting local governments to
monitor the subject of sea level rise could be a primer
covering background topics for which broad agree-
ment already exists, topics that are presently under
study and the genera] direction of opinion for each,
and open issues. Such a primer could also address
types of physical data and their limitations, such as
proxy records, and the constraints of existing com-
puter support. The point of such a review cught to be
describing the scientific certainty and uncertainty in-
volved not only with sea level rise, but also the more
fundamental processes of modeling and forecasting at
global seales. It would be helpful if the primer could
be updated by periodic revisions.

In a similar vein, an effort to inform local govern-
ments of past and ongoing technical and policy studies
and options for sea level rise would be received well
in Florida and other coastal plain states. Reapondents
wanted to know what other local governments were
doing. Information on how regional and local
assessments of risk are made would enable local
governments to evaluate their own situations. Access
to existing inventory data would assist in self
evaluations, and applications of the inventory data
would be improved with explanations of how specific
resources are known or thought to be affected by sea

level and changes of sea level. Given the extensive
amount of farm land situated near the coast and at
low elevation in southernmost Florida, for example,
agriculture may be affected by inundation, increased
storm flooding, changes to surface or ground water
quality, pests, or conflicting land-use objectives. It will
not be possible to meet one respondent’s request for
“Information... on impact per inch of rise on
beaches, drainages, and saltwater intrusion into
aquifers,’ [emphasis added], but these impacts can be
characterized and compared for low and high rates
over short to long periods of time.

Summary and Conclusions

Florida’s tremendous population growth has
strained state and local government budgets and their
ability to manage coastal resources. More than ever,
local governments will be active participants in state-
wide coastal issues such as beach nourishment, water
quality improvement, and habitat protection, but the
next 10 years will see their priorities given first to
implementation of requirements accompanying their
respective growth management plans. In 1990,
relatively little reference was made to the issue of sea
level, at least of the kind requiring local commitments
for policies or programs. The priorities reflected in
these plans must be addressed first, leaving the mat-
ter of sea level rise as a subject to be monitored. Many
local governments are monitoring the issue expertly
although a significant number have not yvet made ex-
tensive use of technical sources of information.

The State of Florida's coastal management program
relies heavily upon coordination between and coopera-
tion among all levels of government. At this point in
time, the state’s coastal program could facilitate this
process by fostering communication of technical and
policy information responsive to the requests reported
here. One economical method that deserves to be im-
plemented is a network of resource managers, scien-
tists and engineers, and local governments within
which basic information on global change and sea
level can be exchanged. The first products of such a
network could be modeled after recommendations
made above, to {a) report and interpret recent ad-
vancements in measurement, modeling and
forecasting; (b) convey realistic descriptions of certain-
ty and uncertainty; {¢) inform participants of relevant,
existing data and ongoing projects in the state; and
{d) encourage the development of sea level expertise
resident to each local government so that local, self-
evaluations of community risk can be made within
the comprehensive planning process.



APPENDIX I: CRMCAC SURVEY ON SEA LEVEL RISE

Name of Respondent:

Title:

Agency:

Addreas:

Telephone: FAX:

NAME OF GOVERNMENT:
{Response: 54 cities and towns and 22 counties — see Appendix 2.)

LOCAL GOVERNMENT PLAN STATUS (check one)
28 1. Submitted and approved

26 2. Submitted and in review

15 3. Submitted, reviewed, and under appeal by DCA
7 4. Not submitted

PLANNING FOR SEA LEVEL RISE (check the boxes to describe plan elements addressing sea level rise
and extent of plan coverage}).

TYPE OF COVERAGE

ELEMENT Narrative or Goals or Land Dev. ‘
Background Objectives Codes Ordinances Other
Coastal Mgt.
Conservation
Recreation &
Open Space

Future Land Use
Other:

(NOTE: piease attach photocopies of plan language related to each type of coverage}

(Response: 16 not reporting; 36 reporting no coverage; 13 coastal management background; 3 background
for Conservation; 1 each for (a) background for Drainage, (b) goal for Conservation, (c) future land use codes,
(d) goals and codes for Coastal Zone Management and Conservation. Also extensive references from 7 local
governments in several plan elements. Overall, 24 governments reported plan coverage, 1o a total of 34 ways,

and 18 of the responses were background and 15 were references to goals, objectives, codes, and/or ordinances.)
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Has the issue of sea level rise been discussed in related planning contexts, such as:

¢+ Public workshaps on the local plan? I8 Yes 55 No

¢ Statements by other department staff? 18 Yes 54 No

* Comments/actions by elected officials? 10 Yes 63 No

* Other (describe): One discussion on shoreline preservation , bulkhead/seawall permits and beach nourish-
ment; one mention at a public workshop by the local NOAA meteorologist was dismissed as unimportant.

Generally, how would you describe your local government’s interest in the issue of sea level rise?

33

32

loo

v

1. Not an issue of interest; never discussed or discussed but rejected as an issue of importance.

2. Some knowledge or concern on the part of staff or elected officials but other issues are far more pressing
and there just isn’t time to give it more attention.

3. One or a few staff or officials mention it as an important issue, or they may have actually undertaken
some task or effort addressing sea level rise, but these are minority voices.

4. Sea level is a very serious consideration in our government and it affects several policies and programs,
budgets, and practices,

5. No report

What have been your primary sources of information on sea level rise? Please rank, using 1 as your
most important source:

—. Television — Professional Meetings —  Popular Magazines
— Newspaper ___ Citizen Input __ Staff Meetings
w. dournals — Lucal Scientiats - Other:
Results
RANK

SOURCES First Second Third Fourth Fifth

Television 13 5 4 1

Newspaper 10 17 9 1

Journals 16 10 4 4 2

Meetings 9 7 6 3 1

Citizens 5 0 2 1 2

Scientists 10 3 3 3 1

Magazines 4 3 4 2 3

Colleagues 0 1

Other 5 5 1




Is there an employee in planning or another agency of your government
who monitors the issue of sea level rise, or is turned to by other staff for
information on the subject?

B7 No 13 Yes Name:

Sea level has risen about 10 inches in the past century. Which resources in your area
have been affected by this rate (or do you think may have been), and to what degree?

EFFECT
RESOURCE (none, minor, major, unknown)
Sand beaches and dunes
Barrier islands [
Wetlands - -
Estuaries and lagoons —_—
Shore protection structures [ —
Surface water supplies _—
Ground water supplies R ——
Farm lands —_
Archaeological sites —_—
Historic structures —_—
Transportation {roads) —_—
Utilities -
Drainage systems —_—
Ports -
Industry -— -
Landfitls I
Results, Raw Scores
SEVERITY
RESOURCE None Minor Major Unknown
Beach/dune 13 24 12 18
Island 12 28 7 17
Wetland 12 25 8 25
Estuary/lagoon 16 22 5 27
Shore structures 21 22 4 21
Surface water 26 10 1 28
Ground water 16 18 3 35
Farmland 35 3 17
Archaeological sites 29 6 2 25
Historic structures 33 9 20
Roads 27 19 1 19
Utilities 28 12 1 23
Drainage systems 26 16 4 22
Ports 34 6 15
Tndustry a5 6 18
Landfills 40 3 13
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Sea level is projected to rise 10 to 50 inc hes during the next century because of global
warming caused by the greenhouse effect. Which resources in your area would be af-
fected most by this process, and to what degree?

EFFECT
RESOURCE (none, minor, major, unknown)
Sand beaches and dunes
Barrier islands
Wetlands
Estuaries and lagoons
Shore protection structures
Surface water supplies
Ground water supplies
Farm lands
Archaeological sites
Historic structures
Transportation (roads)
Ttilities
Drainage systems
Ports
Industry
Land fills
Results, Raw Scores
SEVERITY
RESOURCE None Minor Major Unknown
Beach/dune 4 10 43 B
Island 5 9 as 6
Wetland 5 11 a5 13
Estuary/lagoon 4 13 31 16
Shore structures 3 13 a8 14
Surface water 11 11 18 18
Ground water 4 10 22 27
Farmland 24 6 1 16
Archaeologicel sites 12 12 11 20
Historic structures 12 13 12 18
Roads 6 19 28 13
Utilities 4 19 22 16
Drainage systems 2 12 34 15
Ports 16 7 8 14
Industry 20 6 5 21
Landfills 25 7 3 13




What type of policy or technical support would help you the most, in planning or other local govern-
ment functions, with respect to sea level rise?

-

Results

—
P

General information on sea level rise

13 No requests

8 More reliability on when and how fast sea level will rise

6 Technical assistance and funding

6 Maps of affected coastal areas for long range planning

5 Extent of sea level rise

5 Study to estimate specific effects of different rates in developed coastal areas

3 Denign and mitigation guidelines

3 Seminar on sea level rise for local government officials, especially new issues such as legal problems of

ogwnership, etc

3  TInformation on what other cities are doing

2 (oastal acquisition program

1 Documented damage

1 State laws governing control and status of sea level rise

1 Specific recommendations relevant to residential single family communities

1 Remove barriers to innovative shoreline protection such as beach nourishment for inland beaches

1 ldentify importance of wetland puffers in terms of future inundation

1 Identify areas where CCCL and V.zone protection does not adequately protect areas from effects of sea

level rise

1 Elevations for streets and floors that are meaningful for their useful life, given most reasonsbie forecasts
1 Level of service standards set by legislature

1 9J5 rule requirement for a specific response clement in comprehensive plans

1 Strong national policy

1 Summary of recent modeling scenarios and asgumptions

1 Model plan policies and local ordinances

1 State approved 30 year erosion getback line

1 Criteria for review of coastal development

1 Detailed information on nearshore, coastal and marine habitats

1 Strong coastal setbacks in excess of state’s

1 Beach nourishment and effective inlet management

1 consistent coastal monitoring

Wonld yvou like a copy of our report of findings from this survey?
WYes & No 1 No Response.
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Remarks

“Need to establish a statewide monitoring system”

“A 10-inch rise would have minor effect while 50
inches would eliminate most of the beach area.
Without reliable projections planning will be difficult
within the near future”

“The biggest problem is conflicting reports from the
acientific community on the severity of the problem,
including some who think it is not a problem”

“A 50-inch rise would cause considerable alarm as
well as change the face of Franklin County”

“Information is needed on impact per inch of rise
on beaches, drainages, and saltwater intrusion into
aquifers”

“Natural systems have adjusted to the gradual rise
and have evolved with no devastations to the systems.
Conflict arises only with human structure/infrastruc-
ture confliets of interest. It is unknown how and if
the natural systems of Florida will adjust to relative-
ly rapid increases in sea level rise, and what the im-
pacts will be. Coastal development in Indian River
County would be devastated under a 50-inch rise
seenario.”

Note: Melbourne provided numerous thoughitful
remarks and « reprint on SLR.

“Effects are slow and inter-related with other fac
tors. For example, there is salt water intrusion in the
Bonita Springs area. This could be from well pump-
ing or sea level rise or a combination. Effects of sea
level rise are difficult to assess”

“The scientific community {needs) to reach a con-
sensus on rate of sea level rise and graph past and
projected rates that are smoothed so that small-scale
variations do not confuse the overall picture”

“A projected rise of 50 inches would eliminate the
town. Any continued use of the town would be as a
‘'stilt city’ or ‘floating marina?”

“The effect of sea level rise on Volusia county is not
expected to be significant. Our data indicates that
relative sea lavels have been essentially stable since
1874, the earliest, accurate, available (resource?. The
county’s beaches and estuarine shorelines appear to
be in the same configuration during this period.

Moreover, recent studies by Dr. Dean and others sug-
gest that rises in sea level have not been responsible
for beach erosion in Florida. In fact, tide gauge sta-
tions in Florida show a decrease in the rate of sea level
rise since the 1960%, and even a slight decline in some
places. Relative subsidence of land appears to be the
major factor of upland inundation as a result of
changes in water level. In this part of Florida, local
subsidence is negligible”

“All of the oceanfront property in the Village [of
North Palm Beach] is occupied by the MacArthur
Beach State Park. All other property that could be
affected hy sea level rise is currently protrected by con-
crete bulkheads with a cap elevation of +5.5 feet
MSL”

Enclosures
BocaRaton ... .. ....................... .. CZM element
Collier County .. ......... ... .. CZM element (background}
Dade County ........ ... ... ... .. .. .. ... CZM element
Dunedin ............ ... ... ... ... ... ....... air gquality
Edgewater .. .. ... ... .. ... .. ... ... ... .. ... CZM element
Fort Pierce. ... .. ... ... .. ... ... ... CZM background
Hernando County .. ..... .. .. Technical support decuments for

conservation, coastal management, and drainage and ground-
water recharge elements

Indian River County ........ CZM and Conservation elements
LeeCounty ... ........ .. ............. ... Coastal study
Longhoat Key . ............ ... .... CZM element background
Martin County .. ... ............. ... CZM element zections
Melbourne . Comprehensive plan elements and one SLR reprint
Miemi Beach ... ... extensive plan elements of coastal nature
Naples .. ... ... . ... ............ text on roastal barriers
Ormond Beach ., ........ ..., .. . specific text on sea level rise
Pooce Inlet .. ....... ... ... .... specific text on sea level rise
Riviera Beach .. ......... ... ... .. .. ocean front zoning code
Satellite Beach .. ... .beach comprehensive plan and ordinance
St. Petersburg ... ........... ... .. ..., €ZM background

Please return the compieted form in the attached
envelope to:

Dr. Ernest D. Estevez

Coastal Resources Management
Citizens Advisory Committee
¢/o Mote Marine Laboratory
1600 City Island Park
Sarasota, Florida 34236

Thank you for your help. If you have any questions
please call Dr. Estevez at 813-388-4441.



Atlantic Beach

Bay County
Belleair Bluffs
Beverly Beach
Boca Raton
Bradenton Beach
Broward County

Citrus County
Clearwater Cocoa Beach
Cpcoa

Collier County

Dade County

Daytona Beach
Dunedin

Edgewater
Escambia County

Fernandina Beach
Flagier Beach
Fort Lauderdale
Fort Pierce

Fort Myers

Fort Walton Besach
Franklin County

Grolden Beach
Gulf Breeze
Gulfport

Hernando County
Highland Beach
Hillsborough County
Hollywood

Indian River Shores
Indian River County

Jacksonville Beach
Juno Beach

Lee County
Levy County
Longboat Key

Madeira Beach
Manatee County
Martin County
Melbourne

Miami Beach

Miami Shores Village
Monroe County

Naples

North Palm Beach
North Redington Beach
North Miami

Ormeond Beach
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APPENDIX II: LIST OF PARTICIPATING GOVERNMENTS

-

Palm Beach County
Panama City
Pensacela

Pinellas County
Ponice Inlet

Port Orange

Punta Gorda
Putnam County

Redington Beach
Riviera Beach

Safety Harbor
Sanibel
Sarasota
Sarasota County
Satellite Beach
Sewall’s Point
Shalimar

South Daytona
§t. Petersburg
Stuart

Taylor County
Tequesta

Venice
Volusia County

Wakulla County
West Palm Beach

e



Global Climate Change
and the Need for Planning

Cory W. Berish
U.S. Environmental Protection Agency Region IV
Atlanta, Georgia

Abstract

Human activities, such as energy production and land use conversions, are chan g
ing the composition of the earth’s atmosphere. There is a general consensus among
scientists that the projected increases in atmospheric concentrations of greenhouse
gases will substantially alter the global climate. Concentrations of greenhouse gases,
primarily carbon dioxide, but also methane, chlorofluorocarbons, and nitrous oxides,
retain radiant energy as heat, warming the globe. The National Research Council
(1987) and other groups, such as the Department of Energy and the United N ations,
concluded that doubling the concentration of CO, relative to the preindustrial at-
mosphere would result in an eventual global warming of approximately 2° to 5°C.

Many reports indicate potential impacts of climate change on natural resources.
Predicted impacts include changes in ambient air temperature and precipitation pat-
terns, simplification of forest ecosystems, the loss of many coastal wetlands, and the
unprecedented reduction of global biodiversity.

Sea level is currently rising at about 0.1 inch/yr™ in many southern locations, but
the rate of rise is predicted to dramatically increase in the near future. Many estimates
put sea level at approximately 1 m above present levels by the year 2100 resulting
in the loss of about 7,000 m2 or almost 17% of vegetated wetlands in the Southeast.
Wetlands would be lost due to inundation and erosion, and their natural resource
value would decrease. Many unprotected barrier islands would be lost through beach
erosion, much of Florida Everglades and Keys would be inundated, and low-lying
cities, such as Charleston, SC, could be submerged if extensive measures were not
taken.

Many coastal freshwater supplies may be substantially reduced. In many tidal
rivers, salt fronts are projected to migrate substantially upstream, forcing water sup-
ply managers to protect or relocate freshwater intakes. To date, few agencies are in-
corporating sea level rise predictions inte their planning activities, Planners need
methods of incorporating uncertain environmental “risks” into long-range planning
activities. Because of the almost certain continuation of the present trends in the
emissions of greenhouse gases and predicted climate change impacts, which include
eustatic sea level rise, shoreline erosion and wetland loss, it is prudent at this time
to include an assessment of climate change into Federal, state, and regional plann-
ing assessments.
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Introduction

The composition of the earth’s atmosphere is chang-
ing due to emissions from energy and material pro-
duction and population development patterns.
Concentrations of greenhouse gases, carbon dioxide
(€0, methane (CHy), chlorofluorocarbons {CFCs),
nitrous oxide (N;0), and a variety of low-volume gases,
are increasing in the atmosphere. These gases (Figure
1) collectively function to retain heat that has
historically radiated to space. Although the rate and
magnitude of global temperature increase are difficult
to predict, there is a general consensus among scien-
tists that global climate change and associated im-
pacts will significantly impact the global environment
(Graedel and Crutzen, 1989; Gushee, 1989; Hoffman,
1987; Houghton and Woodwell, 1989; Ramanathan et
al. 1987). While there are still questions concerning
this issue, the recent report (June 1990) of Working
Group 1 of the United Nations Environment Pro-
gram’s Intergovernmental Panel on Climate Change
(IPCC, 1990) is summarized below.

The group concluded that there is a natural
greenhouse effect that keeps the earth warmer than
it would otherwise be. Emissions resulting from
human activities are substantially increasing the at-
mospheric concentrations of CO,, CH,, CFCs, and
N,O. Some of these gases are long-lived (Lashof and
Ahuja, 1990} and will commit the earth to decades of
future warming. If greenhouse gas emissions continue
to grow at present levels, there will be a mean increase
over current temperatures by 1°C by the year 2025,
and 3°C by the end of the next century. It is predicted
that land surfaces will warm more rapidly than the
oceans, and that high northern latitudes will warm
more than equatorial regions. Regional impacts of this
effect will vary and estimates of regional impacts are
less certain than are global projections.

The IPCC also concluded that mean global surface
air temperature has increased by 0.3°C t0 0.6°C over
the last 100 years, with the 5 global-average warmest
years being in the 1980's. Over the same time period
global sea level has increased by 10-20 cm. These in-
creases have varied with time and have not been
uniform over the globe.

Atmospheric concentrations of long-lived gases
(CO;, N0, and CFCs) adjust only slowly to changes
in emissions. Continued emissions of these gases at
present rates would commit us to increased concen-
trations for up to decades or centuries. The longer
emisgions continue to increase at current rates, the
greater the reductions would have to be for concen-
trations to stabilize at a given level. The long-lived
gases would require immediate reductions in emis-
gions from human activities of over 60% to stabilize
their concentrations at today’s levels. Gases that turn
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CO,(49.8%)

CH ,(18.0%) 2%

Figure 1. Greenbhouse gas coniributions to global
climate change (EPA, 1980}

aver faster, such as CH, would require smaller, approx-
imately 15-20% reductions, to stabilize concentrations
at current levels.

Many autherities speculate on the potential impacts
of climate change on natural resources and they con.
clude that projected impacts will be more severe in
the South than in other parts of the country (EPA,
1989). Predicted impacts include changes in
temperature and precipitation patterns, changes of
stream and river flow rates, simplification of forest
ecosystems (Pastor and Post, 1988}, the loss of many
coastal wetlands, and the unprecedented reduction of
global biodiversity (EPA, 1989; Peters, 1989).

Sea level is currently rising at approximately 0.1
inch/yr! in many southern locations, but the rate of
rise is predicted to dramatically rise in the pear-term
future (Wanless, 1990}, Sea level may increase ahout
1 m by the year 2100 and about 7,000 m? or almost
17% of vegetated coastal wetlands in the Southeast
would be lost. Wetlands would be lost due to inunda-
tion and erosion, and their natural resource valune
would decrease, Near-shore temperature and salini-
ty changes associated with climate change may lead
to decreased populations of various commercial
marine fisheries by interfering with reproduction
cycles during critieal development periods.

Many unprotected barrier iglands would be lost
through beach erosion, much of Florida Everglades
and Keys would be inundated, and low-lying cities
such as Charleston, SC, could be submerged if not pro-
tected by dikes. Volonte and London (19901 estimated
that without protective structures, up to 51.8 billhon
dollars in property losses could result from sea level
rise in the Myrtle Beach, SC area alone. As the rate



of sea level rise increases, additional beach nourish.
ment projects may have to be contemplated, because
outer coast sandy beaches exposed to ocean waves may
erode 1 m or more for each 1-cm rise in sea level
(Bruun's rule),

Many authors (CEICRMSL, 1887) point out that the
protection of fresh water may dramatically increase
in cost because of sea level rise. For example, the
wedge of saline water through estuaries and tidal
rivers may advance as much as 1 km for a 10-cm rise
in mean sea level. This will be of special concern for
drinking water supplies and coastal ecosystems dur-
ing droughts (CEICRMSL, 1987). In many tidal rivers,
salt fronts are projected to migrate substantially
upstream, forcing water supply managers to relocate
freshwater intakes. In addition, salinity intrusion may
pose large problems in coastal aquifers where the
landward displacement of the saltwater and
freshwater interface (zone of mixing) is a large
multiplier of the sea level rise. Current problems of
salinity intrusion into groundwater supplies will be
increased with only a relatively small rise in sea level.
(CEICRMSL, 1987).

Because of the almost certain continuation of the
present trends in the emissions of greenhouse gases
and predicted climate change impacts, such as sea
leve] rise, shoreline erosion and wetland loss, it is pru-
dent at this time to include an assessment of climate
change into Federal, state and regional planning
assessments.

Global Climate Change
and NEPA Assessments

The National Environmental Policy Act of 1969
(NEPA) requires U.S. government agencies to carry
out reviews of proposed Federal actions, which may
significantly affect the quality of the human environ-
ment. Since 1969, NEPA procedures have been
developed through regulatory actions of the Council
on Environmental Quality (CEQ), action of Federal
agencies and by court decisions.

Beginning in 1987, CEQ held a series of public
meetings concerning stratospheric ozone depletion
and global climate change Additional input was
solicited from Federal agencies that had appropriate
ongoing research programs. The council concluded
that although questions regarding climate change re-
main, the best available scientific evidence furnishes
ample cause for serious concern. CEQ concluded that
global climate change is “reasonably foreseeable”
within the context of NEPA and CEQ regulations:
potential impacts should be considered in future
NEFA documents. CEQ is currently promulgating
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guidance for all Federal agencies regarding global
climate change,

NEPA is a very appropriate mechanism to examine
global climate impacts (Cushman et al., in press;
Montgomery et al., in press). NEPA is entirely a pro-
cedural statute, requiring a complete evaluation pro-
cess, not a specific outcome (40CFR pi6). NEPA does
not require control measures, but rather mandates
that a Federal agency: (1) give consideration to the en-
vironmental effects of a major Federal action; (2} give
consideration to alternatives if an Environmental Im-
pact Statement is prepared; and (3) hold public review
and receive comments. Evaluating alternatives and
receiving public comment presents opportunities for
developing creative approaches for solving en-
vironmental problems,

Montgomery et al. (in press) thoroughly discusses
NEPA and climate change and considers three impor-
tant questions relevant to resource planning (1) Since
NEPA requires that agencies consider the effects of
their action on the environment, must these agencies
consider the impacts of global climate change on their
actions? (2) Is it meaningful to consider global climate
change contributions at the project level and can
thresholds be developed? (8) How can uncertainties be
handled in the NEPA reviews, particularily predicting
warming impacts due to emissions and differential
regional responses to climate change?

The primary reasons for assessing the impacts of
proposed Federal projects on global climate and the
effects of climate change on proposed actions are to
inform the policy architects of the potential climate
change consequences associated with the action. The
decision maker may then take actions to minimize
adverse climate change impacts. As with Federal
policy-makers, state and regional policy-makers would
clearly benefit from including an assessment of
climate change in appropriate environmental
assessments. It is usually much more cost effective to
construct ar locate something properly the first time,
than it is to retrofit at a later time period.

State Environmental
Assessments

Many regulatory functions now reside at state and
county levels. States have the primary regulatory
authority for gas and electric utilities, which are
responsible for much of the CO, emissions from the
United States. In general, states have statutory
authority for building codes, land use decizions,
transportation guidelines, industrial energy use, and
solid waste management—all of which are responsible
for substantial quantities of greenhouse gases.



Informed state policy-makers can develop cost-
effective response options that have a wide range of
common sense environmental and economic benefits.
In addition, policy-makers have the option of
educating the public on potential future consequences
and soliciting public input into the planning process.
Recently, the National Governors’ Association recorm-
mended seven global climate change policy goals for
the United States (Task Force, 1990).

1. Develop an international agreement to protect the
atmosphere,

2. L‘Ttilize cost-effective energy conservation and effi-
ciency measures to stabilize and reduce CO,.

3. Stop the production of and recycle CFCs and use
cost-effective measures to stabilize and reduce other
greenhouse gases.

4. Develop and commercialize alternative energy
systems, including clean fossil fuel, renewable
energy resources, and safe nuclear power.

5. Implement forestry programs to reduce the effects
of glebal climate change.

6. Plan and act now to adapt to a changing climate.

7. Pursue an aggressive research program to reduce
key uncertainties about global climate change.

Many of the policy goals can be translated into
strategies to reduce greenhouse gas emissions, and
hence, probably slow the rate of predicted changes,
such as sea level rise.

Options for Limiting
Climate Change Impacts

Atmaospheric CO, is the primary radiant gas resporn-
sible for global warming Because CO, is derived
primarily from fossil fuel combustion, any process that
reduces fossil fuel use can reduce CO2 emissions. In
general, states can reduce fossil fuel-based greenhouse
gas emissions by promoting energy efficiency and con-
servation strategies and by promoting pollution
prevention. In the following sections, a few specific
strategies designed to reduce greenhouse gas emis-
sions are presented. Additional information is provid-
ed by (Benioff, 1990; Lashof and Washburn, 1990; and
Marchado and Piltz, 1988). Many of the planning
strategies could be implemented at state, regional or
local levels.

1. Implement Strategies to Improve Energy Effi-
ciency and Conservation

Strategies that increase energy efficiency and con-
servation are probably the most cost effective ap-
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proaches to reduce the emissions of greenhouse gases.
Lashoff and Washburn (1930) point out that energy
efficiency is the most economical and environmentally
benign energy resource.

1.1 Least Cost Utility Planning. States should
realize this goal by instituting and requiring electric
and gas utilities to undertake least-cost energy plan-
ning and investment.

1.2 Utility Financial Incentive Reform. States can
galvanize utilities to undertake energy efficiency and
conservation programs by allowing utilities to profit
from reducing the demand for energy. Utilities could
charge for the power saved as the result of conserva-
tion efforts. Consumers would save on their total
energy bill.

1.3 Alternative Sources and Fuels. States can im-
plement plans that allow for electricity generated
from nontraditional sources of energy to enter utili-
ty grid systems. The production of electrical energy
from cogeneration sources could reduce fossil fuel use
in the south, and the cogeneration of electricity from
the phosphate industry is especially promising. In ad-
dition, the use of renewable energy sources can
dramatically reduce CO;z emissions. In appropriate
localities, the use of wind and photovoltaics should be
encouraged. States can encourage the development of
fuels from woody and herbaceous biomass and
cogeneration facilities.

L4 State Energy Use. States consume energy by
operating buildings and vehicles. States have the
potential to reduce energy use by reguiring that all
state buildings, including associated county public
education and state university systems, retrofit older
buildings with highly efficient lighting, heating and
cooling systems, and by increasing building insula-
tion. States can mandate the use of alternative fuels
in government, university, and other related fleets.
Examples of appropriate fuels include liquefied
natural gas and biomass-based alcohol. The use of
biomass-based alcohol is especially appropriate in the
Southeast, given the extensive agricultural potential
of the region.

1.5 Mass Transit. States can provide increased
funding for mass transit, encourage carpooling and
mandate the designation of multiple passenger car
lanes.

1.6 Building Codes. States can mandate energy
efficient uniform building codes for residential, com-
mercial and industrial buildings. The codes can be for
buildings shells, heating and ventilation, and air con-
ditioning equipment. In sddition, states could
facilitate the retrofitting of older, inefficient buildings
with more efficient equipment and insulation.
However, constructing something right the first time
iz betier and more cost and energy efficient.

1.7 Appliance Standards. Many new appliances




use less than 25 percent of the energy of older ap-
pliances. States can facilitate the adoption of stricter
appliance standards.

2. Implement Strategies to Reduce Greenhouse
Gas Emissions From Forestry and Agricul-
tural Practices.

Most actively growing forests represent a net sink
for CO,. Policies that encourage tree planting to in-
crease carbon seguestering rates should be en-
couraged.

2.1 Enlarge Tree Planting Programs. Trees in-
crease the rate of CO; sequestering, reduce soil ero-
sion, provide habitat for wildlife, and improve water
and air quality. Many lands are suitable for tree plan-
ting, including degraded forest lands, lands recover-
ing from strip mine operations (such as phosphate
mining in Florida or coal mining in Kentucky), along
highway corridors, and in shelterbelt or windrows in
agricultural areas. Many additional landscapes hold
potential for tree planting.

2.2 Encourage Urban Tree Planting. The
strategic (the planting trees to shade houses and cen-
tral air conditioners) planting of trees in urban areas
yields significant energy saving in the south (Akbari
et al., 1988). Each tree strategically planted in urban
areas may be as much as 15 times more effective in
combating climate change than the planting of rural
trees (Parker, 1987).

2.3 Increase Forest Productivity. Promote best
management practices to increase yields and reduce
“wasted” timber products.

2.4 Promote Best Agricultural Management
Practices. Promote efficient use of fertilizer to reduce
nitrous oxide emissions. Encourage the plowing under
of crop residues, rather than burning, to reduce CO,
and to replenish the soil. Attempt to reduce CH,
{methane} emissions from livestock through best
management (feedstock) techniques. In addition,
biogas can be produced and utilized, depending on the
type of livestock operation.

3. Implement Strategies to Reduce Greenhouse
Gas Emissions BY POLLUTION PRE-
VENTION.

3.1. Recycling. States should reduce municipal and
industrial soil waste by promoting recycling efforts
and by mandating the acquisition of recycled products.
In addition, states can promote the procurement of
recycled products by county and local government
agencies. The recycling of aluminum, steel, paper,
glass, and other products generally saves between 35
and 95 percent of the energy that is necessary to pro-
duce a product from virgin material.

3.2 Collection of Methane from Landfills. Ap-
proximately 130 million tons of municipal solid waste
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are disposed of annually in more than 5,000 landfills
in the United States (Fraaklin, 1988). In many areas
of the country, CH, can be economically recovered and
used from landfilis.

3.3. Collection of Methane from Coal Seams. In
many areas, CH,4 can be economically recovered from
coal seams. The recovery of CH, not only reduces the
emission of a greenhouse gas, it can be used as an
energy source (Gibbs and Hogan, 1990).

3.4 Water Conservation. Energy is consumed to
produce water suitable for human eonsumption and
also for waste water treatment. Water conservation
can reduce energy use.

Conchusions

The recent United Nations Working Group 1 con-
cluded that global climate change is real, and that
without a reduction in the rate of greenhouse gas
emissions, mean global temperatures will substantial-
ly increase in the near future. In addition to globhal
warming, it 1s anticipated that global clirnate patterns
will be significantly altered. The continued excessive
use of fossil fuels will unalterably change the fabric
of Earth's biosphere. Because of the magnitude of
potential changes, it is prudent to include an assess-
ment of climate change into federal and state plann-
ing assessments. It is usually much more cost effective
to construct something properly than it is to retrofit
later.

The views expressed in this article are solely those
of the author and do not necessarily reflect the policy
of the 1.8 Environmental Protection Agency.
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