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A chaotic response

1988 La Nifia

A computer output of observed sea-surface temperature

anomalies (differences from the long-term average) for
1982 (an El Nifio year) and 1988 (a La Nifia year).

The major difference is the behaviour of the low-latitude
Pacific Ocean. In 982 there was a warming over most of
this region, particularly in the eastern Pacific, and a
cooling around northern Australia. It is this sea-surface
temperature pattern which produces drought over eastern
Australia. In 1988 the pattern was reversed and wet

conditions prevailed over eastern Australia.

Because annual mean conditions are used in these figures,
the magnitude of the sea-surface temperature anomalies
is reduced compared with the extreme values oceurring in

individual months.

16 ECOS B4 WINTER 1885



Coping with Climate

multiple (at least 10) expernments with slightly different
initial conditions and then averaging the results.

‘Computer manufacturers love chaos', Hunt says. ‘It
means we need much more computer power and
computer time to get our results’

In other computer experments, Hunt and his
colleagues have shown that the more pronounced the
sea-surface temperature changes are from year to year,
the more predictable are the outcomes. Marked temp-
erature vanations apparently constrain the influence of
chaos. They have also found that the influence of chaos
is minimal at low latitudes, particularly over the Pacific
Ocean, and increases steadily at higher latitudes. This
suggests the chances of making refiable climate predic-
tions decrease as one moves further from the equator.

Economies of scale

As part of an international study of climatic variability,
Hunt and s colleagues are using a |1 22-year record of
monthly sea-surface temperatures coliected by the
United Kingdom Meteorology Office for 187 10 1993

The temperatures are being used 1o determine the
year-to-year climatic vanability in a relatively fine-scale
chmatic model (200 x 200 kilometre 'boxes’ at the
equator). It 1s expected that at least five repeated
expenments will be needed to reveal the range of
chaotic influences on the model's outcomes.

The expeniment i5 huge: running full-time on the
equivalent of a Cray YMP supercomputer, it takes a

week of computer time 10 process just four years'
worth of data. At this rate, it will take almest three years
of computer tme to complete the five planned runs.

An early assessment of this model run indicates that
it is reproducing most of the major rainfall events that
occured over Australia during this period.

Four extended El Nifio events have occurred since
1873, Hunt says it should be possible through this
exercise to study the differences between these events.
l'his could help determine their predictability, either
through statistical or model methads.

In another experiment. Hunt's team plans to use
data from the model to drive an oceanic maodel of the
Pacific Ocean for extended E! Nifo events, and then to
compare the results with a more typical, shorter-lived
one, Their aim will be to better understand such ewents,

A local perspective

These expenments are helping to characterse chmatic
processes on a global scale, but how does this refate to
predicting regional droughts and storms, for the benefit
of farmers, foresters, fishers and even city dwellers?

To get the local picture, information about global
climate patterns affecting a particular geographic area is
taken from broad-scale models and used as the basis of
finer-scale models for particular regions, Details of local
rainfall, atmosphenc pressure pattems, topography. soil
rmoisture, convection and winds
represented at a global scale are then added.

factors that cannot be

Tracing colonial clues

DETAILED instrumental records exist of European
weather and chmate dating to the | /th century, in some
cases even earlier, yet data from most other parts of the
waorld - especially the Indo-Pacific region — are sparse.

Dr Rob Allan at the Division of Atmospheric
Research has traced these old records. He has delved
into barometnc pressure measurements kept by colonial
officials in Turkey, by British abservers in Capetown dur-
ing the 1840s, and by the British East India Company's
Observatory in Madras dating from |796.

Allan is using the Indian records to extend knowl-
edge of El Nifio-Southern Oscillation (ENSO) episodes,
given that El Nifio and La Mifia are known to influence
the tirming and intensity of the Indian Monsaon,

As part of an international project to document
global climate vanation, Allan is working with Dr Janette
Lindesay of the Australian MNational University's

30.0 —

Department of Geography and Dr David Parker of the
UK Hadley Centre for Climate Prediction and Research
on the first global atlas of ENSO and climate variability,

The atlas will offer monthly and seasonal descrip-
tions of patterns of both barometric pressure and sea-
surface temperatures around the world between 871
and 1993, It is due to be published this year and will be
avallable as a two-part package consisting of a CD-ROM
and a full-colour, hard-copy version.

‘The atlas will enable scientists 1o look globally at
long-term climatic fluctuations as well as individual El
Nifio and La Nifia phases, and to examine their evolu-
tion, intensity, duration and nature;” Allan says.

‘It will also. focus on particularly important El Mifio
or La Nifia events and display their impacts around the
world, such as their effects on destructive phenomena
such as tropical cyclones, drought and flooding.

—— 50| — Southern Oscillation Index

—— 55T — Sea Surface Temperature [~
Anomalies (degrees C)
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This graph of persistent
El Nifio sequences =
defined from raw
Southern Oscillation
index values since 1876 -
illustrates the close
relationship between
sea-surface temperature
and atmospheric
pressure, Persistent La
Nifa episodes have also
accurred in this period.
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What is a climate model?

A CLIMATE model is a simplified mathematical representation of a part or parts
of the climatic system (atmosphere, oceans orma-lce}ﬁatallommmmsm
perform simulated chmate expenments.

The models are needed because scientists can't test their theores by
manipulating chimatic vanables under controlled conditions, nor can they descnbe
the movement of every air or water molecule through the climate system,

Instead they try to deseribe in mathematical terms the major dynamic and
physical processes determining the average behaviour of the climatic system, and
then to simulate those processes in a numencal form on a high-speed computer,

This work s being undertaken by Dr lan Smith, also
from the Dwvision of Atmosphenc Research. He says the
regional models will be tested by seeing how well they
can replicate real-world climatic patterns,

'‘Qur long-term aim is to abtain reliable predictions
oyt to three seasons ahead, and to use the chmate
mode! to produce rainfall predictions for an area the
size of south-east Queensiand,” Smith says.

Orne of the main factors affecting the prediction of
regional rainfall patterns is the ability 1o accurately
represent convection. Convection i1s integral to the
evaporation/precipitation cycle as it determines how
much mosture s lofted into the atmosphere 1o Rl later
as rain. But it is one of the most difficult chmatic
varables to represent in global-scale models.

The position of a region of intense convection
north-east af MNew Guinea determines rainfall pattems

over northern Australia. Models must be able to
represent this regiom and simulate its behaviour
accurately if they are to predict rainfall patterns in
northern Australia, which in turn influence patterns in
south-eastern Australia.

‘The other area we are interested in is the Indian
Ocean, because of the recent finding of a link between
regional sea-surface temperatures there and ranfall
fluctuations that eccur in Australia independently of
what might be happening in the Pacific.” Smith says.

He says long model runs with real-world data may
provide insights into these relationships, and perhaps
even answers 1o the following questions.

Could events in the Indian Ocean explain why El
Nifio events vary in intensty? Before the 1930s, rainfall in
Western Australia correfated with El Nifio events; why 15
this no longer the case! Hunt says the models being
developed in Australia and overseas are approaching a
level where these questions can be addressed.

More about climate modelling
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