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enry Ford liked to bluster that his-

tory was bunk; that the past held

no lessons for the present or the
future. A self-made man who, it was said,
worshipped his creator. he was intolerant of
book-learning and uninterested in the sci-
ence involved in the machine that made him
a millionaire.

Ford would have been delighted by the
vigorous anti-scientific tone of various recent
assertions about climate change and the
greenhouse effect.

Some people (many of them experts in
their fields, although those fields do
not happen to include climatology)
claim that global warming is bunk.
Yet even as they damn scientists as
doomsayers, these commentators fre-
quently betray a basic misapprehension
of what science is about. They wantit
to be revealed truth, immutable and
unarguable; they do not accept that
science is dynamic, constantly evolv-
ing and refining its conclusions in the
light of fresh information.

Since even the best science is
something of a curate’s egg, the
debunkers can point to enough gaps
inour understanding of climate change
— the blank areas in our knowledge
of planetary processes, the alarming
differences between what global cli-
mate models are suggesting and actual
field measurements, and the broad
and accasionally bitter differences of
opinion among scholars — o convinee them-
selves that the whale egg is bad.

One field thar has come under particular
attackis palaco-environmental research, which
investigates the climate of the past and pos-
tulates possible futures based on the physical
and chemical hints revealed in lake and
ocean sediments, ice cores, pollen, fossils,
tree rings and ancient river floods. Critics
have claimed rhat past climates cannot be
adequately described in a quantitative man-
ner, or adequately represented over large
geographical areas; that changes over long
periods have no application to prediction;
and that the past is unique, and cannot be
used to indicate the future.

Researchers Dr Bob Wasson and Dr Terry
Donnelly, of the CSIRO Division of Water
Resources, have recently tested these objec-
tions against 4 rigorous re-examination of
field data for Australia’s palaeoclimatic record,
and feel confident thar the information ob-
tained from local field studies not only deals
with most criticisms, but also provides a
valuable method of testing climate models
that offer hope of predicting climare on a
global scale. They answer the critics thus,

First, while they concede that quantita-
tive records of past climates can never be

KNOWLEDGE OF HOW CLIMATE

HAS CHANGED OVER TENS OF

THOUSANDS OF YEARS IN THE
PAST IS GROWING RAPIDLY, AND
PROVIDING USEFUL POINTERS TO

THE FUTURE

simple tointerpret, they pointto rapid progress
ininterpretation that parallels improvements
made inthe general circulation models (GCMs)
which portriy the forces responsible for
large-scale climate fluctuations. They say the
interpretation of data from a range of sources
has progressedtothe point where palacoclimatic
analyses are accurate to within plus or minus
one degree for mean annual temperatures
and plus or minus 50 millimetres for mean
annual rainfall. And the geographical spread
over which the findings can be applied is
increasing as more funding becomes avail-
able for field work.

Second, they argue that information on
past climate changes can be of value if it

shows, for example, whether the general rise
intemperature that has occurred aver the last
century is similar to, or greater than, previ-
ous ones, Dr Roger Francey of the CSIRO
Division of Atmospheric Research and col-
leagues have found that Tasmanian tree-rings
show the temperature increase recorded over
the last few decades, possibly driven by the
enhanced greenhouse effect, is within the
natural range of variabihity shown during the
past 1000 years (see Ecos No. 68),
Third, they recognise that — to take one
illustration — while the vanous interglacial
periods (the intervals between lee
Ages or glacial maxima) may be simi-
lar in climatic terms, each has been
characterised by a slightly different
assemblage of plants. Such differences
show that the past cannot be a perfect
analogue of the future. This does not
mean, however, thar we cannot use
what we know about the factors in-
volved in earlier climates to provide
clues about the future,

Australia has long posed prob-
lemsforresearchers hopingtoreconstruct
palaeoclimates, since its aridity and
the poor preservation of pollen in
inland sites limit how widely climate
reconstructions can be applied. How-
ever, we have two major sources of
accurate and useful information: lakes,
bogs and swamps; and desert dunes.

In lake environments, sources of

information 2bout past climate include
organic and inorganic material in beach and
lake-floor sediments, microfossils such as
crustaceans and the pollen of aquatic plants,
Variations in water levels are the most di-
rectly useful indicators, since they reflect
changes in the difference between rainfall
and evaporation — which result from com-
plex interactions between climate, vegetation
(itsell a reflection of climate), run-off and
groundwater recharge.

To provide a benchmark against which to
measure the way in which Australia’s climate
has changed over the past 30 000 to 40 000
years, thus providing a perspective on more
recent changes, Dr Wasson and Dr Donnelly
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used detailed records collected by university
and CSIRO scientists over many decades
Studies of sediment cores from Lake Keilambete
in western Victoria and from the Willandra
Lakes in south-western New South Wales
established a sequence of high, low and
intermediate water levels from about 40 000
to 15 000 years BP (Before Present). The
Willandra Lakes, studied for decades hy Dr
Jim Bowler of the Museum of Victoria, are
one of the few sites to |:'l!":\'-'.'l.Jl.' a detailed
record over a long period, with high lake
levels — the result of large increases in

rainfall — at about 30 000 vears BP, subse-

quent oscillations and complete drying up

some years 15 000 years later
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Dr Bowler, Dr John Dodson from the
University of New South Wales and Dr Patrick
de Deckker from the Australian National
University analysed sediment and mineral

11[,'[11:-.\|h_ pollen and microfossils to show

egularly after

that Lake Keilambete filled
10 000 years BP, at the beginning of the

Kimum depth

Holocene, and reached its m
(of about 30 metres) between 6300 and 3500
years BP. About 3000 vears ago it became
markedly shallower, then some 1000 years
later rose again. It is intriguir
the lake, which at the beginning ot this
century was about 20 m deep, is currently

¢ [0 note that

only 10m deep — as low as it has been in the

entire Holocene record.

occurs al ihe level of an old shoreling

The researchers then compared the
Willandra and Keilambete information with
records from 37 lakes throughout Australia,
including six in Tasmania. Lake records re-
veal roughly similar general patterns of
climate change throughout the Holocene (see
graphs on page 13) for Tasmanian lakes and
mainland near-coastal lakes in Victoria, New
South Wales, Queensland and Western Aus-
tralia. However, these differ substantially
from inland lakes in Victoria, New South
Wales and South Australia which show a
major rise in levels until 24 000 yvears BP,
followed by a pattern of dry periods and
rses pulk:::g at 4000 to 2000 years ago,
some 2000 years later than at other sites.

Taken together, the records suggest a

significant out-of-phase geographical rela-

tionship between coastal and inland sites

that indicates a similarly unbalanced pattern

of climate change. From Tasmania to north-
ern Queensland, rainfall and evaparation
reached a peak between 6000 and 7000 vears
ago — a time of low, but rising, lakes in the
interior, In addition, a steady drop in lake
levels in coastal South Australia and Victoria
stands in stark contrast to rising levels from
200000 to 14 000 BP in inland areas of those
States. ltseems thatinland sites were still wet
but drying at times when coastal sites were
dry. Some of these differences could reflect
the time groundwater levels in the interior of
the continent take to respond to climate
change, since many inland lakes are fed hy
groundwater

Lake records — when compared with
changes in dune building and decline, and
with palaeoclimatic records from Antarctica
and New Guinea — leave little doubt that

very large climatic changes have indeed taken
place overthe past 30 000 vears, The general
picture is that Australia's climate was cool
and wet prior to 25 000 BP, with deep water
in many lakes. From then to the most recent
[ce Age, at around 18 000 years BP, condi-
tions were colder and drier, remainingarid in
New Guinea and the Antarctic until 15 000
vears BP

Rapid warming seems to have taken place
during 15 000=12 000 years BP, resulting in
higher sea levels (see ‘Preventing acid spills

fromfarmland’, Ecos No. 70)and anincrease

in rainfall. Around 6000 vears ago, tempera-
tures, rainfall and probably evaporation in

Australia were higher than they are today —



precisely the conditions predicted by the
global warming hypothesis

Gitihul circulation models are usually tested
by seeing how well they simulate our mod-
ern climate. But if we want to know how well
they simulate one likely to be substantially
different fromtoday’s — an enhanced green-
house climate — the sole test available is
provided by past climates. If a GCM can
successfully simulate both the cold, dry and
windy climate of 18 000 years ago and the
warm, wet one of 6000 years ago, we can
have greater faith in its ability to simulate the
future

Dr Barrie Hunt and Mr Joseph Syktus, of
the Division of Atmospheric Research, in
conjunction with scientists from the Division
of Water Resources and the Australian Na-
tional University, are seeing how well CSIRO's
own GCM can simulate the past. Their work
is seen of such importance that it is being
funded by the National Greenhouse Advisory
Committee

In essence, while we cannot test the
accuracy of a predictive climate mode] until
the phenomena it forecasts have come 1o
pass, we can see how well it fits the currently
known facts, and how well it ‘predicts’ the
past. We can use large-scale analyses of a
GCM to caleulate what we already know has
happened from finer-scale measurements: in
this process we can use the model to find the
hest of a range of hypothetical explanations
of what has occurred, honing the tools re-
quired if we are to predict future climates
accurately

One widely reported application of
palaeoclimatic data in considerations of glo-
bal warming concerns atmospheric CO |, (and
methane) readings for the last 500 years. The
record which is based on gas bubbles, prin-
cipally from Arctic and Antarctic ice cores,
and on direct atmospheric sampling since
the 1950s, has demonstrated a clear and
rapid increase in both CO  and methane over
the past 150 years or so — even though
precise measurements of air samples only
began 40 years ago. Scientists af the CSIRO
Division of Atmospheric Research (as well as
in many other institutions around the world)
have turned to geclogical records — pre-
served inice —to place theirshort instrument
records in a more revealing context. (With-
out that context, for example, it would he

very difficult to confirm that increases in
greenhouse gases began with the Industrial
Revolution.)

Palaeoclimatic records from sediments,

ice cores and tree rings have also shown far
more clearly than other sources the interplay
between physical, chemical and biological
processes in global climate systems. This
information can be used to test how sensi-
tively the world's climate reactsto changesin
the composition of the atmosphere.

An examination by French and Russian
scientists of CO, and methane in ice core
samples from Vostok in Antarctica, and con-
firmed for the Northern Hemisphere by ice
cores from Greenland, has revealed that a
change in concentrations of greenhouse gases
correlated witha global temperature increase
of between 3% and 5°C during the late glacial

(in other words, during the last deglaciation
of the Earth). This correlarion is, in fact, very
similar to that predicted by GCM experi-
ments involving a doubling of CO ;; different
models have predicted a global increase in
average temperatures of between 2:-8° and
5-2°C following a doubling of atmospheric
CO,. The convergence provides an encour-
aging confirmation that general circulation
models can simulate the sensitivity of our
climate to a doubling of CO |

More on paleoclimatology

Palaeoclimate reconstructions for the last 30 000
years i Austrabia — a contribution to F‘arrd:;:[n i
of future climate, R J. Wasson and T.H. Donnelly
CSIRO Division of Water Resources Technical Memo-
randum No, 91/3, 1991,
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