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Sea Level Change

More than 60% of the world's population lives on or within 60km of coasts. Rising sea levels are therefore high on the politica
agenda. Sea level change has been a haturally occurring phenomenon for millions of years. Now with the enhanced greenhouse effe
playing a contributory role, advancing seas seem set to engulf many of the world’s low lying coastal environments (Figure h)jsT
Factsheet summarises the causes and consequences of rising sea levels.
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Fig 1. Areas threatened by rising sea level
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Oscillations in sea level occur on local, regionaEvidence of past sea levels Causes of sea level change
and global scales, variations being either eustatisccurate measurements can be made of past s€aanges in sea level occur as a result of one of
or isostatic in nature. levels and the rates of sea advance and retretie following:

(marine transgressions and regressions
Eustatic changesccur where there is an increaserespectively) by observing one or more of the
or decrease in global water volume. following features. :

Tectonic activity
Climatic changes
* Human impact
Isostatic changesare changes in the height of 1. Shoreline deposits such as shells, wood a
the land relative to the sea. Any uplift or ~ Peatfound in marine cores.

subsidence of a land mass, for example, will resuE
in an apparent change in sea level. '

nflec:tonic activity

The most important aspect of tectonic activity
Exposed rock outcrops containing marine is isostatic readjustment This is the way land
fossils. naturally rises or subsides according to overlying
and underlying forces.

Past sea levels 3. Vegetated tidal flats above the high water

Prior to the beginning of the first ice age  mark. 1.lce _ _
approximately two million years ago, changes in Land in Europe and N. America which was
sea level were related tectonic activity. The 4 Exposed coral reefs. covered by ice subsided during periods of

subsidence and uplift of great land masses, along  pari ; ; ; glaciation by up to 300m causing a relative rise
’ ) Marine rocks displaying evidence of ;

with sea-floor spreading were responsible for i oo erosigny g in sea level. As the planet subsequently warmed

major isostatic changes in sea level. the ice melted _and the Ia_nd wousdstatically _

rebound, effectively lowering the sea level. This

Such evidence has made it possible to establisl) | . <is known aglacio-isostacy Scotland,

The ice ages broughtistaticchange. Sea levels past sea levels as being up to 200m above pres (':andinavia o mUch of theNorthern
fel i huge v_olumes Ofwater were trangferred tﬂuring interglacials and 100-150m below presenf—|emisphereare currently experiencing sea level
glaciers and ice caps. Subsequent melting woulg,ring giacials. Establishing dates of past se ¢ Lem/ h qually i

then cause an increase in sea level. Such changgses s possible through radiocarbon andamps of up to lcmlyear as they gradually rise

i0- i . . . - ; nd readjust following the last ice age.
are termedlacio-eustatic. uranium series dating. The detailed evidence o% J 9 9

. . reenland is still isostatically depressed by
lp:)zf:ttssheeitlevels will be the subject of a fumreapproximately 1000m.

.



Sea Level Change

Geo Factsheet

2. Uplift
Underlying tectonic forces, including uplift

Table 1. Mechanisms of sea level change

through folding and faulting, can result in isostatig

drops in sea level on regional scales. Irtthen MECHANISMS Time Scale (years)| Order of Magnitude

peninsula of Papua New Guinedectonic -

uplift resulted in a stairway of successively-| 1) Ocean Steric Volume Changes

formed coral terraces representing previous sqa  Shallow (0-500m) 0.1-100 (0-500m)

levels. Mountain building, plate tectonics and Deep (500-4000m) 10-10,000 (500-4000m)

spreading ridges may dramatically alter thq ) ]

volume of ocean basins with a resultant changp?) Glacial Accretion and Wastage

in sea level. Mountain Glaciers 10-100 0.1-1m
Greenland Ice Sheet 100-100,000 0.1-10m

3. Seismic activity East Antarctic Ice Sheet 1000-100,000 10-100m

Earthquakes can cause both uplift and depression  \west Antarctic Ice Sheet 100-10,000 1-10m

of land as a result of movement along fault planes.

This was observed iAlaska in 1964 when an | 3) Crustal Deformation

earthquake caused parts of tHemer spit to Lithosphere Formation and Subduction | 100,000-16 1-100m

sink by as much as two metres. Glacial Isostatic Rebound 100-10,000 100-10,000

Climatic changes Continental Collision 100,000-16 10-100m

1. Global Temperatures

As temperatures drop globally towards glacial

conditions, ice caps and glaciers grow through

abstraction and storage of seawater. $lmtial

accretion results in eustatic drops in sea level., Lo - . :
.~ their relative importance is summarised in

As the planet subsequently warms and swmg% ble 1

back towards interglacial periods, the ice melts able L.

returning water to the oceans, raising their levels
once again. Consequences

] Rising sea levels will lead to:
2. Steric effect

Table 2. Possible responses to the
threat of a rise in sea level

The major mechanisms of sea level change aratcepted approach of strategic retreat - all of
these will be discussed in detail in a future
Factsheet.

Steric effects refer to the expansion or contraction ~ Accelerated erosion of cliffs and beaches

of water as a result of heat loss or gain. As
temperatures increase, ocean volume and
therefore sea level increases. It is estimated that
0.4mmlyear of the current sea level rise is due te
this process.

Flooding of urban areas through inundation
and storm surges

Salinisation of agricultural land

- Salinisation of freshwater sources
Human impact

1. River and wetland modification
Heavy sediment loading in deltas can cause

compaction and subsidence, which Iovyers th%he consequences of rising sea levels will b
land surface, a process knowrdag/nwarping.
This effectively causes an increase in sea levi
and such effects can be seen in parts of man
major deltas including th#lississippi. Large esponses
guantities of sediment are needed to offset su

. o here are two types of response. Firstly, effort
subsidence. Upstream dam building may tra%an be made );g Slow dgwn or stopygloba

vast quantities of sediment, which effectively . .

. - temperature increases i.e. to tackle the enhanc
increases the risk to coastal areas (see Casé
Studies) greenhouse effect. Much of the developed worlg

+ Widespread destruction of habitats,
especially coastal marshes

reenhouse effect.

2. Extraction of resources greenhouse gases. However, the major risk lig
Extraction of groundwater, fossil fuels, mineralswithin the developing world where many
and other valuable resources from low-lying  countries are far from reaching their peak
coastal areas may lead to compaction of landmissions and strategies for monitoring outpuf
followed by subsidence. This makes these areawe not established. However, some develops
more susceptible to erosion and the effects afountries - UK, USA and Japan, for example
sea level rise. Atong Beachin southern have failed to meet their internationally agreeq

Callifornia extraction of oil resulted in subsidence cuts to carbon dioxide emissions. If the developefl

countries do not take a lead, it seems unlikel
that their developing counterparts will take thg
3. Emission of greenhouse gases problem seriously.

Human activity has dramatically increased the

concentration of greenhouse gases in th&he second approach involves responses to ris’i-:lu

of 9.5m in a 50-year period.

troposphere. By delaying the release of long waveea level (Table 2). These range from long-ter

o

%iscussed in a future Factsheet on the enhancg

oY

has now enforced restrictions on emissions df
S

g

o

Boulder ramparts (embankments ang
dykes) to reduce cliff erosion

Seawallge.g.Charleston, S. Carolina

Artificial raising of land behind walls
(e.g.Galvaston, Texas

Groynes

Construction of undercliff promenade]
(e.g.Christchurch Bay, S. Englanii

Soft engineering e.g. artificial beacheg
River Barrierqe.g.Thames barrie)

Retreat - abandon land to sea
(e.g.parts of Norfolk coastling

Rock tetrapods to prevent beach erosi
(e.g.Niigata, Japan

Increased investment in coastal defen

including embankments, refuge moungls

and sea walls

Introduction of multi-cropping,
maximising the use of available land

Upstream draining of dammed lakes
allow increased sediment supply to
deltas

Artificially raising the land by pumping
in sand dredged from the sea floor

Land reclamation projects/artificial
beach emplacement

[

ce

radiation, this has increased global temperaturebighly expensive and often unsuccessfut
Sea level will therefore rise as a result of bothattempts to protect the land to the increasingly
thermal expansion and ice melt.
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Case study: Bangladesh

The threat from advancing seas in the case
of Bangladesh is more serious as the country
is very densely populated. Areas particularly
at risk are the south-western city of Khulna
and the eastern port of Chittagong. The
Bengal delta has been created by the
Ganges, Brahmaputra and Meghna rivers
and represents 80% of the country’s
144,000krh Although there is little industry
along the coast, many fresh water fishing
resources are under threat. Fishing
generates substantial income and any
intrusion of salt water would disrupt the
economy. Storm surges are also a threat;
cyclonic storms occur frequently and with
devastating effects. The storm surge of
November 1970 claimed the lives of 250,000
people. Unlike Egypt, the Bengal delta is
relatively stable; sediment supply from the
rivers appears to be just offsetting natural
subsidence and coastal erosion and must
continue to do so to protect the threatened
coastline. Consequences of predicted sea
level rise can be seen in Table 3.

Table 3. Sea level threats to Bangladesh Responses

im 3m
(2050) (2100)

Bangladesh
Total sea level rise 0.83m 3.4m
(Global) (0.13m) (2.2m)
(Local subsidence) (0.70m) (1.2m)
Loss of habitable land 7% 26%
Population 5% 27%
GDP 5% 20%

Bangladesh location

Relocation of low lying agricultural regions
particularly in Bangladesh, would prov
difficult as the country already has 90% of i{s
available land cultivated. Multiple croppin

(to increase productivity from any individug!
piece of land) has been suggested and bpth
embankments and refuge mounds have bgen
constructed to protect heavily populated areps
and some of the fishing resources. Intdr-
governmental investment and risk sharifg
schemes have proved essential - India, Chipa,
Bhutan and Nepal all influence the rivers that
terminate in the Bengal delta.

Case Study: Egypt

The Nile delta in Egypt is a low-lying area
currently at risk from sea level rise. The
population is predominantly centred around
the fertile banks of the Nile and along the delta
which stretches from Alexandria in the west ta

the entrance of the Suez Canal in the east. Th eigﬁtsea levelrise  0.78m  3.4m

area is densely populated, heavily cultivated (g|opal) (0.13m) (2.2m)
and home to many large industrial centres (Local subsidence)  (0.65m) (1.2m)
Much of the coastal area in this region is| | 5ss of habitable land 12%  20%

threatened by advancing seas and local pgpyation 14%  21%

subsidence, the only protection being a series gpp 14%  20%

of sand dunes along the delta’s coast, backed

Table 4. Sea level threats to Egypt

im

1

3m
(2050) (2100)

up by brackish lakes. The primary cause of
the subsidence is insufficient new sediment i”pLEgypt location
to the delta which is needed to compensate for

the downwarping effect of the weight of

v & a
sediments. Upstream entrapment at the Asway J ?f

dam has reduced annual sediment input b
hundreds of tonnes. At the same time the se¢

level is rising eustatically. Consequences of

predicted sea level rise and subsidence rate
can be seen in Table 4.

Responses

Coastal defences or land reclamation projects,

n

A

although costly, are seen as more practical
solutions than relocation. The sand dunes an
brackish lakes are unlikely to provide
protection for any length of time and refuge

‘iijstream river management should allow f
greater sediment transfer to the delta to offg

mounds and embankments may be considereth.e natural compaction and subsidence.

=
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Exam hint - The strongest candidates will
be expected to show that, for a named
coastline, they understand how different
factors contribute to the overall problem.
Isostatic and eustatic factors often interact
but many candidates cannot distinguish
between the two.
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