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Figure 6: Modelled temperature departures in °C incor-
porating solar luminosity, 22 and 12.4 year cycies that
may coincide with sunspot cycles, volcanic dust and
CO2 (based on Gilliland 1982). The thick line represents
modelled temperatures over the timespan of the input
data and compares well to actual departures plotted in
Figure 1. The thinner line extrapolates results beyond
the limits of the data.

man's activities even though more forests were
cleared in Europe than at present. The role of
‘greenhouse’ gases in determining future air tem-
perature increases must be set within the context.
of these past temperature fluctuations.

Uncertainty 2: Climatic warming due to anthropo-
genic increases in CO, or other
‘greenhouse’ gases is not a con-
firmed or easily confirmable fact.

IS SEA-LEVEL RISING?

Until very recently, the conventional wisdom
held that sea-level was rising at the eustatic rate
of 1.5 mm/yr. From an examination of sea-level
records worldwide Emery (1980) proposed that
sea-level was rising in the 1970s at an increased
rate of 3 mm/yr. and fueled speculation that sea-
levels could rise 50-100 cm eustatically in the next
100 years. The 1985 Villach Conference in Austria
re-asserted this prediction by proposing a rise of
20 to 140 cm in the next century attributable
mainly to the thermal expansion of oceans. A
sea-level rise of this magnitude has destructive
implications for the world’s coastline. Beach ero-
sion would be accelerated, lowlying areas would
be permanently flooded or subject to more fre-
quent inundation during storms, and the base line
for watertables would be raised. This threat is
illustrated in Figure 7 which shows that on the
basis of present sea-fevel curves between 1930
and the mid 1970s four major cities, London, New
York, Venice and Tokyo would be threatened by
inundation. Given the predicted rates of sea-level
rise, some of the world's major cities would re-
quire extensive engineering works to prevent
flooding.

But is sea-level presently rising woridwide? A
careful examination of Figure 7 indicates that
sea-levels decreased noticeably in London and
Venice after the mid 1960s. In fact the records in
Figure 7 are not necessarily due to a eustatic rise
in sea-level because local (isostatic) effects domi-
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Figure 7: Annual changes in sea-level 1930 to mid
1970s at four diverse stations perceived as threatened
by rising sea-level. (Data suppiied by the Permanent
Service for Mean Sea Level, Bidston Observatory, UK).

nate some areas. For instance, London is in an
area where the North Sea basin is tectonically
sinking, Venice suffers from subsidence due to
ground water extraction and Tokyo has had tec-
tonic subsidence caused by earthquakes. The
above question was evaluated using sea-level re-
cords compiled by the Permanent Service for
Mean Sea Level, Bidston Observatory, UK for the
years 1960 to 1979. Of 725 stations included in
this data base, only 219 had adequate coverage
(at least 15 years of measurement) to permit
trends to be established using Pearson product
moment regression. Over 50 and 75 per cent of
the trends were statistically significant at the 95
and 90 per cent level of confidence respectively.
Published results (Emery 1980; Aubrey and Emery
1983, 1986a, 1986b; Emery and Aubrey 1986)
were used to extend coverage to those areas
outside the data base. Areas with annual changes
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in sea-level >3 mm/yr have been differentiated
from those with changes of 0-3 mm/yr. in Figure 8.
Contrary to the general belief that sea-level is
presently rising worldwide, sea-level has fallen
along significant stretches of coastline mainly in
western Europe, western North America and east-
ern Asia since 1960. Some of the areas of falling
sea-level are outside zones affected by glacial
deloading while others are in the zone of collaps-
ing-forebulge submergence where sea-level should
still be rising. Increasing sea-levels are restricted
mainly to the Guif of Mexico and the eastern
coastlines of North America and Japan. Notewor-
thy is the fact that it is difficult to delineate large
areas of consistent sea-level change because
sea-level behaviour can change sign over dis-
tances of a few hundred kilometres or less. This is
even apparent where rates of change are >*+3
mm/yr as evidenced by the patterns of variation in
northern Europe and eastern Asia.

Various studies have evaluated the causes of
sea-level trends depicted in Figure 8. in the Yellow
and East China Seas between China and Japan,
sea-level motions simply reflect long term tectonic
and isostatic behaviour that is documented in a

series of extensive raised or submerged terraces
along the coast (Emery and Aubrey 1986a). Land
is rising by as much as 5§ mm/yr. in areas of
massifs and ancient foldbelts in the Korea-north
China region, and subsiding by as much as 9
mm/yr in areas of Cenozoic basins and foldbelts
in east China. Over periods of less than 25 years,
fluctuations relate to the shifting behaviour of the
Kuroshio Current that dominates oceanographic
effects in eastern Asia, or to the large volume of
freshwater runoff mainly from China (>1.2 x 10"
m®/yr). Sea level trends around Japan can be
ascribed purely to tectonic factors (Aubrey and
Emery 1986a). Rates range from 24 mm/yr of
submergence along the south east coast to 6.8
mm/yr of emergence along the north west coast.
Shorter term fluctuations again correlate well with
the behaviour of the Kuroshio current which tem-
porally is linked to the Southern Oscillation. Along
the east coast of North America, three indepen-
dent coastal segments can be delineated for the
period 1940-1980 with differing trends in sea-level
behaviour that do not paraliel depths in the shelf
break or any other obvious topographic or struc-
tural feature (Aubrey and Emery 19883). Mean sea-
level is increasing at a steady rate of 1.7 mm/yr

RISING

O-3mm/ye

FALLING

0-3mm/yr

>3mm/yr

Figure 8: Average annual rates of change in worldwide sea-level mainly between 1960 and 1979. Data
supplied by the Permanent Service for Mean Sea Level, Bidston Observatory, UK, and supplemented
with additional information from sources Emery (1980), Aubrey and Emery (1983, 1986a, 1983b), Emery
and Aubrey (1986). Unshaded sections of coastline do not have accurately defined and/or iong term

sea-level information.
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that Brooks (1985) speculates is due to intensifi-
cation of Gulf Stream impingement upon the shelf.
In Australia sea-level is rising at the rate of 1.8
mm/yr in the south and falling at the rate of 0.5
mm/yr in the extreme tropical north (Aubrey and
Emery 1986b). These patterns are ascribed to
crustal cooling along rifted margins in the south
and overriding of the Australian plate northwards.
However Bryant et al. (1987) show that sea-level
behaviour at Sydney correlates strongly to meteo-
rological and oceanographic factors such as the
Southern Oscillation, storminess, rainfall and sea
surface temperature.

More importantly Figure 8 shows that there is
too little information to state emphatically whether
or not sea-levels are rising worldwide. More data
are required from the centres of oceans and at
regularly spaced intervals along coastlines to ac-
count for the speeding up or slowing down of
ocean gyres that could affect sea-level in the
short term. Sea-level also has great temporal and
spatial variability (Bryant 1985). This variability
can operate over timespans of days to years and
can greatly complicate delineation of statistical
trends. Seasonally mean sea-level fluctuates be-
tween 15 and 54 cm in such diverse locations as
the Bay of Bengal, west coast of Mexico, north
eastern Siberia and Australia. Over periods of
days or months sea-level can fiuctuate several
tens of centimetres because of changes in atmo-
spheric pressure, sea temperature, salinity, on-
shore wind stress components, current impinge-
ment on the coastline (as with the Kuroshio and
Gulf Stream currents mentioned above) and mixing
of surface and deep ocean waters. The changes in
sea-level presented in Figure 8 evidence low lati-
tude asymmetry in the Atlantic and Pacific Oceans
with a western boundary rise and an eastern
boundary decline. Such a pattern is consistent
with either a change in intensity of westerly winds
or a shift in the orographically controlled and
oceanographically fixed pressure celis of the
northern hemisphere. Sea-levels can also fluctuate
over short distances because of shelf waves,
storm surge or river discharge. Shelif waves, with
a periodicity of one to seven days and amplitudes
exceeding 50 c¢cm have been found to travel anti-
clockwise around the southern Australian coastline
(Provis and Radok 1979). River discharge can
locally increase sea-levels as mentioned above in
the case of the East China Sea. Between 7 and 21
per cent of the annual variance in sea-level along
the eastern United States coast is due to this
factor (Meade and Emery 1371). Even an increase
in rainfall over the coastal sector of an ocean can
cause a long term increase in sea-level measured
at a tide gauge.

Of particular note is the persistent inter-annual
fluctuations in sea-tevel associated with El Nino-
Southern Oscillation events in the equatorial Pacif-
ic region (Wyrtki 1982). Generally tropical air

movement in the Pacific is dominated by strong
easterlies labelied the Walker circulation. Warm
surface water is blown towards the western side
of the Pacific where it piles up to heights of 20 cm
or more. The Walker circulation oscillates (the
Southern Oscillation) in strength every three to
five years and has teleconnections with meteoro-
logical change worldwide. More importantly, the
failure of the easterlies leading to an El Nino-
Southern Oscillation event causes the water in the
west Pacific to surge back eastwards across the
Pacific in the space of two months. During the
1882/83 event, sea-levels fluctuated between 30
and 40 cm across the equatorial Pacific (Harrison
and Cane 1984). Sea-level fluctuations are not
restricted to the tropics. When the bulge reaches
South America it then propagates north and south
over several months with minimum dissipation be-
cause of shoreward trapping due to refraction over
the shelf and landward directed Coriolis force
(Enfield and Allen 1980). The 1982/83 El Nino-
Southern Oscillation event raised sea-levels 35 cm
above average along the Oregon coast (Komar
1986). What if El Nino-Southern Oscillation events
occurred randomly with a greater frequency than
the historical rate of three to five years? El Nino-
Southern Oscillation events this decade have
tended to recur every two years. Tide gauges in
the west tropical Pacific would be perceived as
falling, while those in the east tropical Pacific
would record higher mean sea-levels, not generat-
ed by any eustatic change, but simply by this more
frequent surging of water across the Pacific
Ocean. Rises averaged over the short term could
even exceed Emery's 3 mm/yr rate with a vari-
ance 1.5 to 2.0 orders of magnitude greater. Sea-
level fluctuations at Sydney and probably other
parts of the east Australian coastline are strongly
linked to the Southern Oscillation and other climat-
ic tactors such as storms, rainfall and sea surface
temperature (Bryant et al. 1987). For these loca-
tions, sea-level increases are no indication of an
eustatic rise, but may simply reflect the regional
consequences of climatic change in the south
Pacific generated for example by more frequent El
Nino-Southern Oscillation events.

Uncertainty 3: Rising worldwide sea-fevel is not a
confirmed or easily confirmable,
fact.

IS RISING SEA-LEVEL THE MAJOR CAUSE OF
SANDY BEACH EROSION?

There is little argument that S0 per cent of the
world’s sandy beaches are eroding at average
rates of 0.5-1.0 m per year (Bird 1985). This
retreat operates according to the Bruun rule
(Bruun 1983) which states that, on beaches where
oftshore profiles are in equilibrium and net long-
shore transport minimal, rising sea-level leads to
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Figure 9: Plots of the 1943-1978 Stanwell Park data set used in the principal component analysis
(based on Bryant 1983a, 1983b, 1985, 1987a, 1987b). Section A plots raw values, while Section B plots
normalised data. Except for the high tide position time series, data have been summarised for

illustrative purposes at half yearly or yearly intervals. This has tended to smooth extreme values in the
records.
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shoreline retreat. Retreat rates of 0.5 m of shore-
line per t cm rise in sea-level have been substan-
tiated by numerous studies at varying coastal lo-
cations (Bryant 1983b). A dichotomy exists
however between measured rates of beach retreat
and the present, postulated eustatic rise in sea-
level. Shoreline retreat at the common worldwide
rate of 0.5-1.0 m/yr would require sea-level rises
three to seven times larger than the maximum rate
of 3 mm/yr postulated by Emery (1980). Obvious-
ly, other factors besides sea-level rise must be
involved in beach erosion.

Beaches retreat when sea-level rises because
the base elevation of the watertable at the coast-
line is elevated. Water draining from the lower
beach face decreases sediment shear resistance
and enhances the possibility of sediment liquefac-
tion. This process causes seaward erosion of
sand and shoreline retreat and logically implies
that any factor that affects the position of the
beach watertable can control beach erosion. For
instance, a sandy backshore absorbing rainfall
acts as a time-delaying filter for subsequent dis-
charge of this water to the sea through the lower
toreshore. The process raises the watertable sub-
stantially for periods up to two months after heavy
rainfalls. Under intense rainfall, sand elutriation is
even possibie. Not only may rainfall control beach
retreat just as well as rising sea-level, but rainfall
also does not suffer from the same global sparsity
of data as sea-level does (Bryant 1985).

Rainfall as well as sea-level can fluctuate dra-
matically in the short term, mainly as a response
to climatic forcing. It is unfortunate that these two
parameters have been ignored at the expense of
air temperature as indicators of climatic change

this century. Since 1948 climate has tended to
become more variable (Gribbin 1983). The concen-
tration firstly upon a cooling of air temperature
beginning in 1948 and then upon a reversal of this
decline towards the end of the 1970s has been
misdirected. All that has been substantiated is
that air temperature, which is one facet of climate,
has undergone increased variability since 1948.
This variability has accelerated since 1970 and
with it so has the variability of other climatic
factors such as ocean temperature, pressure pat-
terns, rainfall regimes and Southern Oscillation
frequencies. All these changes have a direct influ-
ence on sea-level since sea-level is one of the
most interdependent of meteorological and ocean-
ographic variables. Researchers linking rising
sea-levels to melting of ice-caps have missed the
point as to the cause(s) of changing sea-level.
Sea-level rises are induced as the result of natural
climatic variability by increasing current impinge-
ment on the coast, direct rainfall, runoff, wind
set-up within global air circulation, storm surge
and sea surface temperature.

Logically, beach erosion may not be controlled
by a single variable, sea-level, but by a myriad of
other meteorological and climatic variables, some
of which have significant prognostic value. This
viewpoint has been emphasised for global beach
erosion by Bird (1985) and is summarised here for
one Australian beach, Stanwell Park on the New
South Wales Central Coast. The Stanwell Park
area has data between 13943 and 1978 on monthly
rainfall, sea surface temperature, sea-level, storm
waves and atmospheric circulation as measured
by the latitude of the Hadley cell over the east
coast and the state of the Southern Oscillation

Table 3: PRINCIPAL COMPONENT ANALYSIS OF THE STANWELL PARK DATA SET 1943-1978,
WHICH INCLUDES AVERAGE HIGH-TIDE POSITION AND EIGHT OTHER METEOROLOGI-
CAL AND OCEANOGRAPHIC VARIABLES. EIGENVALUES, PERCENTAGE VARIANCE OF
THE DATA EXPLAINED AND CUMULATIVE PERCENTAGE VARIANCE ARE LISTED, TO-
GETHER WITH THEIR EIGENVECTORS FOR EACH VARIABLE. ONLY INFORMATION FOR
EIGENVALUES ABOVE 1.0, THE NOISE LEVEL OF THE DATA SET, ARE PRESENTED.
SIMILAR ABSOLUTE EIGENVECTORS ARE IN BOLD FACE.

% variance explained.
Cumulative %........c.cooeiiiinnin, .

Variable
High-tide position ...............oooiiiiiiiee e
Hadley cell position
Sea-level.....ccoocceei
Southern Oscillation index ..
Annual rainfall................
3 monthly rainfall........
Sea surface temperature .
3 month storm waves .
Annual storm waves

Eigenvalue
1 2 3 4
2.92 1.83 1.36 1.13
24,34 15.21 11.30 8.45
24.34 38.55 50.86 60.31
Eigenvectors

-0.336 -0.060 0.071 -0.152
0.238 -0.494 0.091 -0.053
0.366 0.233 0.134 -0.116
0.176 -0.085 -0.139 0.647
0.262 -0.176 -0.524 0.171
0.321 -0.348 -0.031 0.163
0.281 -0.434 0.252 -0.397
0.427 0.060 -0.085 -0.268
0.349 0.448 -0.038 -0.048
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(Figure 9). A complete description of these vari-
ables can be found in Bryant (1987a, 1987b). As
well, there exist 105 accurate measurements of
average, high-tide beach position derived from
oblique photographs randomly sampled over this
period (Bryant 1983a).

This complete data set of nine meteorological
and oceanographic terms plus average high-tide
position was normalised, incorporated into a cor-
relation matrix and analysed using principal com-
ponent analysis (PCA). Ranked eigenvalues for the
first four eigenvalues above the noise threshold of
the Stanwell Park data set, together with their
eigenvectors are presented in Table 3. Only the
first eigenvalue, accounting for 24.3 per cent of
the total data variance, favours high-tide position.
Four casual or prognostic variables, sea-level,
quarterly rainfall and storm wave heights accumu-
lated quarterly and annually, are associated to-
gether with high-tide positions. All variables have
been shown previously to be significantly related
to beach position at Stanwell Park (Bryant 1983a,
1983b, 1985, 19873, 1387b). A 0.1 m change in
accumulative quarterly rainfail, a 0.01 m change in
sea-level, and a 1 m change in quarterly and
annual accumulated storm wave heights result in a
1.62 m (8.7% explanation of high-tide variance),
0.44 m (6.6%), 0.62 m (9.9%) and 0.47 m (16.6%)
change in high-tide position respectively. Not only
do these latter variables relate to beach change
but the principal eigenvalue indicates that they
also relate to each other.

Uncertainty 4: Rising sea-level may not be the
prime factor causing worldwide
beach erosion, but one of a suite
of changing, interrelated meteoro-
logical and oceanographic vari-
ables that relate to both beach
accretion and erosion.

CONCLUSIONS

The scenario of a CO,-warming globe contains
many uncertainties. The warming of the atmo-
sphere is not an established fact, and even if it
was there may be no need to invoke increased
atmospheric CO, or other 'greenhouse’ gases as
the cause when such warmings have been a part
of temperature time series historically. If tempera-
tures are increasing, sea-levels may not be rising
globally because of meiting of near-polar ice or
thermal expansion of oceans. Evidence now com-
ing to light indicates that it is extremely difficult, if
not impossible, to delineate an eustatic signature

above tectonically or climatically induced ones. In
this regard, sea-level rise may not be a hazard of
the future except in local areas where isostatic
factors are causing the land to sink (areas of
subsidence) or the ocean to rise (for instance,
areas affected by more frequent El Nino-Southern
Oscillation events). The failure to substantiate an
eustatic rise in sea-level casts severe doubt on
the role sea-level has as a major cause of existing
beach retreat. The beach erosion hazard may be
evaluated better by examining recent changes in
the world’s rainfall regime or other oceanographic
factors such storminess or wave regime charac-
teristics. A common factor underpinning our uncer-
tainties about a CO,-warming atmospheric scenar-
io is the fact that the Earth is not covered
adequately ‘with enough data points to evaluate
the scenario conclusively. Even where geophysical
time series are available, they are clouded by the
inherent fluctuations of their variances. One fact is
certain: global climatic variation is occurring. As a
result rainfall, air and ocean temperatures, sea-
level and beach erosion patterns worldwide are
also changing.
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