






































































ies in the face of rising ocean levels. 
Shoreline erosion: Recent studies 

show that nearly 70 percent of the 
sandy shores of the world are eroding. 
Some erosion is due to the trend of 
increasing sea levels over the past 
10,000 years or more, and some is due 
to man's impact on the coastal zone. 

Col-East, Inc. 

Through studies of the causes of shore
line erosion, we have been able to pro
vide a basis for projections of future 
erosion . 

As an example, we monitor shore
line changes at Chatham, Massachu
setts, where history shows cyclical 
behavior in barrier beaches with the 
cycles occurring at approximately 150 
year intervals. We have constructed a 
descriptive model with discrete phases 
identified, including formation of a 
new inlet in the barrier beach, gradual 
southward migration of that barrier, 
and renewed breaching once the inlet 
has migrated so far south that the tide 
within the bay is damped and retarded 
compared to the open ocean tide. The 
tidal elevation difference resulting 

Left: In this 1982 photograph, Chatham 
Harbor lies quietly behind the unbroken 
barrier beach (Nauset) that protects it from 
open Atlantic seas. 
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Above: The development of this tidal inlet. 
which resulted from the breaching of 
Nauset Beach during a severe January 1987 
northeasterly storm, had been predicted by 
the authors 10 years earlier. It has provided 
a passageway for ocean seas and tides into 
Chatham Harbor with disastrous results. 

Right: Color graphic displays, such as this 
one of Hyannis Harbor on Cape Cod, are 
useful for projecting shoreline changes 
that might result from various sea-level rise 
scenarios. The response to 4 Environmental 
Protection Agency scenarios for the year 
2100, varying from less-than-likely to more
than-likely, are indicated by the red-yellow
green-blue colored areas. 

from the southward migration of the 
inlet sets up a sea-surface slope be
tween the bay and the ocean. Ouring 
storms, this sea-surface difference is 
brought into playas waves overwash 
the barrier beach, linking the ocean to 
the bay and releasing this pressure 
build-up. The result is a new tidal 
inlet. 

A dramatic continuation of this 
cycle took place on 2 January 1987, 
when a northeaster broke through 
Nauset Beach, resulting in the forma
tion of a new tidal inlet (figures at 
left). This new inlet initiated another 
cycle of shoreline change at Chatham. 
As 1987 passed, the new inlet became 
the dominant conduit of water to 
Pleasant Bay, and the hydraulic con
nection between the north and south 
halves of the system was severed. The 
two pre-existing inlets now communi
cate with each other, but not with the 
new inlet. 

The new inlet and barrier beach 
configuration caused dramatic changes 
in the shoreline patterns of Chatham. 
Waves now propagate through the 
breach in Nauset Beach, causing 
serious erosion of the shoreline on the 
interior. Portions of the interior 
beaches have eroded more than 100 
feet in the nearly two years since the 
breach occurred. Other portions of the 
inner Chatham shoreline, meanwhile, 
have accreted by a nearly equal 
amount. Flushing has increased within 
the Pleasant Bay system, as the tidal 
range has increased more than 30 
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centimeters (approximately 20 percent) 
compared to pre-breach conditions. 
Massive sand shoals alternatively 
cover and uncover the harbor region, 
causing changes in benthos and infau
na (including shellfish) in the interior 
waters. The predictability of these 
changes, and our success in represent
ing them in mathematical models, in
crease confidence in our ability to 
provide scientific information of value 
to management of this shoreline 
segment in the next 20 to 50 years as 
the system continues into the next 
phase of its evolution. 

Climate Cfumge Impacts on the Coastal 
Zone: Concern over man's impact on 
the global climate system extends to 
secondary impacts of climate change 
on the coastal zone. These include 
coastal flooding due to acceleration in 
sea-level rise, changes in storm climate 
due to changing stability of the atmos
phere, and changes in estuarine 
circulation and evolution. Our studies 
have addressed these issues from a 
number of different approaches. One 
example is a coastal flooding study 
performed for the Massachusetts 
Coastal Zone Management program. 
We evaluated potential for coastal 
flooding of all the coastal towns within 
Massachusetts, with particular atten
tion to three harbor towns, Hyannis, 
Westport, and Gloucester. Results 
show that towns in the Common
wealth presently lose 65 acres of land 
per year due to relative sea-level rise 
(half due to rise in the ocean level, half 
due to sinking of the land). By the year 
2025, approximately 3,000 acres will 
have been lost if present rates of rela
tive sea-level rise continue. If EPA 
scenarios for possible increases in rates 
of sea-level rise are used, between 
7,500 and 10,000 acres of coastal land 
will be inundated by the year 2025. 
Studies of individual harbors 
(figure at left) identify specific regions 
of the shoreline that might be inun
dated if different scenarios prove 
correct. 

Uncertainties in climate change and 
its secondary impacts on the shoreline 
are large, and the wisdom of making 
major management or policy decisions 

in the face of such uncertainty is hotly 
contested. However, it is important to 
identify the likely impacts for different 
climate change scenarios so we can be 
prepared with rational, considered 

management plans once scientific 
consensus is sufficiently well-estab
lished. Such impacts analyses will 
continue to be a focus of our research 
in the future. 

International Geological Cruise in the 

Black Sea Aboard R/V Knorr 


Susumu Honjo 

FIVE legs of R/V Knorr Voyage 134 
during 1988 continued the 

Institution's long tradition of work in 
the Black Sea. Scientific research has 
both furthered global understanding of 
this special body of water and encour
aged friendship among the American, 
Turkish, and European ocean science 
communities. A 7-week R/V Atlantis II 
cruise in the spring of 1969 is consid
ered a landmark in modem oceanogra
phy - it was the first interdisciplinary 
cruise to the Black Sea using modem 
shipboard logistics, and it produced a 
wealth of new knowledge as well as 
many fundamental questions. A shor
ter Black Sea cruise of WHOI's R/V 
Chain in 1975 brought, among other 
things, the first successful varve chron
ology on undisturbed long cores. 
(Varves are annual depositions, usu
ally in two distinguishable layers.) The 
U.s. Deep Sea Drilling Program's 
Glomar Challenger made an important 
contribution to the history of the Euro
Russian Massif on Leg 42B in the Black 
Sea that same year. 

In the mid-1980s, the international 
ocean research community recognized 
that recent significant advances in the
ory and technology could allow 
answers to Black Sea questions raised 
on these earlier expeditions. Proposals 
to the National Science Foundation 
brought funding for the work a board 
R/V Knorr in 1988 and resulted in a 
most significant expedition to study 
this inland sea. 

The objective of the geological 
oceanography leg, Leg Number 1, was 

to reconstruct the environmental 
evolution of the Black Sea and sur
rounding land masses by examining 
the beautifully varved bottom sedi
ment deposited on the anoxic bottom 
year-by-year. Black Sea water contains 
no oxygen except for a thin blackish 
oxygenated surface layer. Therefore no 
ordinary type of life form disturbs or 
consumes particles arriving at the 
seafloor. This lack of animal life leaves 
the bottom sediment intact, and we 
found extraordinarily well-formed 
varved sediment available for the most 

Sus Honjo is surrounded by sediment trap 
flotation on the fantail of R/V Knorr. 
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