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ASSESSMENT:

1

The agreement, as it stands, is totally inadequate — whether it is ratified or not - it does not represent a
significant or serious attempt by world leaders to address the issue of global warming.

In terms of Australia’ s national interest, other submissions will undoubtedly mention the economic potential of
green industries and the social and political advantages of a stronger local focus to the management of human
impacts on the land.

Australia’s national interest will be well served by all these things and the present Australian government
COULD take serious steps towards aligning national interest with global interest. Australia has the knowledge
resources to initiate a global renaissance in sustainable energy and resource use.

This first gesture (ratification) and the recognition of physical facts — such as; we live on a dry, isolated
continent on a planet three quarters covered with water, one tenth with ice — could lead to government
sponsorship of export-earning green industries, providing Schmacher-stle intermediate technology to
“developing countries”.

In the medium to long term, Australia’s national interest is likely be critically influenced by the changing
climate. The politics of climate change may leave Australia — and the woreld — unprepared for an ice melt of
the rapidity suggested in Lupus Antarcticus. Critically Killingbeck has warned that by the time we can prove
we have initiated a rapid melt (200 — 600 years) there will be little we can do to stop it or low it down. At this
time scale (and even today, with well entrenched destabilisation of the global climate system) the “national
interest” islargely indistinguisable from the global interest.

Current emphasis on “scientific uncertainty” - as a reasonable justification for the stalling or retardation of
environmental remediation — presupposes that there can be such a thing as “scientific certainty”. This is
preposterous. Scientists are explorers; scientific research is the application of the known upon the unknown.
Consequently, environmental risk assessment is subject to the capacity of current scientific knowledge to
understand nature; to correlate observations with theory and establish reasonable projectionsinto the future.

It is physically possible for Antarcticato melt, practically unnoticed, despite scientific monitoring of the global
climate and Antarcticaitself. If;

(a) science has simply identified a triggering mechanism for climate change

(b) in amongst an incomplete (but growing) understanding of how the climate system operates, particularly
the interdependencies and sensitivities of climate components such as phyotoplankton, soils, seaice etc.

(c) thechangeinitiated israpid (in glacia time scales) to include interactive life system of the
(d) aninadequate understanding of the “healthy operation” of the climate system
(e) the scientific estimate of the human influence is underestimated by:

3 surface warming effect of water vapour
1.5 | atmospheric warming effect of water vapour

2 using the short-hand of C02 Doubling — effectively counting the relative warming constant of C02
with non-C02 gases at the same time as acknowledging the C02 emission levels will double from
their 1850 level

2 the lag time between the emission of atmospheric gases and their temperature effect and aso the
thermal inertia of the world’s oceans; slows the effect but amplifies its intensity when the delayed
impact is felt.
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Climate; changing Science

an Individual Research Report

by Stephen McMahon

Graduate School of Environmental Science,
Monash University, Clayton Victoria.
1998

“ Consider how the world appears to any man, however wise and experienced in human life, who has never heard one
word of what science has discovered about the cosmos.

To him the earth is flat; the sun and moon are shining objects of small size that pop up daily above an eastern rim,
move through the upper air, and sink below a western edge; obviously they spend the night somewhere underground.

The sky is an inverted bowl made of some blue material. The stars, tiny and rather near objects, seem as if they might
be alive, for they “ come out” from the sky at evening like rabbits or rattlesnakes from their burrows, and dlip back
again at dawn. “ Solar system” has no meaning to him, and the concept of a “ law of gravitation” is quite unintelligible
- nay, even nonsensical. For him bodies do not fall because of a law of gravitation, but rather “ because there is nothing
to hold them up” - i.e., because he cannot imagine their doing anything else. He cannot conceive space without an
“up” and“ down” or even without an “ east” and “ west” init.

For him the blood does not circulate; nor does the heart pump blood; he thinks it is a place where love, kindness, and
thoughts are kept.

Cooling is not a removal of heat but an addition of “cold”; leaves are green not from the chemical substance
chlorophyll in them, but from the “ greenness” in them.

It will be impossible to reason him out of these beliefs. He will assert them as plain, hard-headed common sense; which
means that they satisfy him because they are completely adequate as a SYSTEM OF COMMUNICATION between him
and his fellow men.

That is, they are adequate LINGUISTICALLY to his social needs, and will remain so until an additional group of needs
isfelt and isworked out in language.”

B.E.Whorf (p.251)

Front Cover: Topographic map of the Antarctic ice sheet (heights in metres) deduced from the ERS-1 altimeter data.
Drewry. D.J. (1995) p. 310.



Introduction

Consider the fate of experts in historical time; wizards and political advisers. At a time when the fund of scientific
knowledge was small, they may have survived only as long as their “science” was good; while their explanations of the
world proved fruitful, productive and reliable.

As the sum of scientific knowledge has grown, so the institution of science has spread, dividing into disciplines of
dedicated inquiry. Together, the range of sciences form the body of knowledge; an encyclopaedic collection of
scientific investigation and exploration. It serves both society and scientists. The former has the confidence and
security of a vast reference resource, updated and reviewed by all working scientists, and the latter are able to pursue
their intellectual interests; becoming specialists rather than generalists. The pressure on historical experts is absorbed by
the contemporary scientific community.

While, there are occasions when people question science or the rate of scientific progress, this is usualy on moral
grounds, such as in the case of genetic engineering for example. It is generally not the case that people question
scientific methods or theories - thisis|eft to other scientists; it isarole for which only they are assumed qualified.

In fact, it is the process of debate and discussion between scientists that establishes a level of security and satisfaction
with the knowledge that we do have. By leaving it to scientists to debate the higher points of science, we are
collectively reassured that only the “best science” will endure the process of qualified criticism and analysis.

In 1995 the Intergovernmental Panel on Climate Change (IPCC) announced that world scientists had succeeded in
identifying the “signa” of human-induced climate change from the “static’ of climate variability. However, this
announcement was made with the caveat that observed changes are still within the range of climate variability.

Why can't science be more explicit about the changes that the world's climate is likely to experience? How much can
we expect from high-level scientific expertise? What does scientific uncertainty mean?

This report is concerned with these secondary questions: the operating processes of scientific investigation; the logic of
science. This report is a study of adequacy.

The methodol ogical approach of this report has been to conduct a literature survey and engage with scientistsin order to
conduct a meta-science review of climate change science. This report focuses on the socia constructions that underpin
scientific investigation, interpretation and expectations of certainty.

This report is not about proving or disproving global warming. It is a study of scientists studying nature. It is the story
of climate; changing science.



1 Uncertainty

During the 1970s, scientists raised concerns about global cooling; saying that the world was heading into another ice
age. Just a decade later, scientists raised concerns about global warming. For both scientists and politicians such
dramatic opposites are a significant problem; for credibility and policy, respectively.

Figure 1: Global
Theo ry average pathways
for energy inthe
atmosphere. A
notional 100 units
comes from the Sun.
After (Bigg, 1996,
12) The Greenhouse
Effect: responsible
for the Earth's
average surface
temperature of 15
°C, 31 - 33°C more
than it would be
without the
atmospheric gases.

As Ramanathan and others

have written, “...the formal

foundation for the
greenhouse theory of climate change was laid in 1896 by Arrhenius who dealt with the climatic effects of changesin
atmospheric CO,. On the basis of his finding that a doubling of atmospheric CO, would warm the globe by 5 K,
Arrhenius concluded that past glacial epochs may have occurred largely because of a reduction in atmospheric CO,."
(Ramanathan, 1988, 294).

According to the theory, atmospheric gases absorb and re-radiate heat energy, from the sun and the Earth. If it were not
for the “greenhouse gases’ the Earth would lose more heat than it gains from the Sun, resulting is a global mean
temperature of approximately -18 °C, the temperature of the outer atmosphere.

“On a global-annual basis, the surface emits 390 W m, whereas the radiation emitted to space, as measured by
satellites, is only about 237 W m . The balance of 153 W m? is the infrared radiation effectively trapped by the
atmosphere (including clouds). (Ramanathan, 1988, 294)

Expectations

According to theory, the thermal inertia of oceans would slow the warming in the Southern hemisphere, compared to
the predominantly land surfaces of the Northern hemisphere. Also, warming was expected to be more pronounced in
polar regions and least in the tropics. (Pearce, 1993 (a))

Validation/Measurement

Scientists use the double negative “not inconsistent” to demonstrate the connection between carbon emissions and
temperature increase. From 1957/58 instruments at Mauna Loa, Hawaii recorded emissions of CO.. (Paterson, 1996) Ice
cores from Antarctica have supported the correlation between CO, concentrations in the atmosphere and rising air
temperatures. (Houghton., 1995)

Gases. In 1995, the IPCC announced that 1992 figures for carbon dioxide (CO,) methane (CH,4) and nitrous oxide (N0)
emissions had grown by 30%, 145% and 15% respectively. And at current levels (1994), CO, would lead to an
atmospheric concentration of 500 ppmv, doubling the pre-industrial concentration of 280 ppmv by the end of the 21st
century. (Houghton., 1995, 3)

Temperature: Global mean surface air temperature has increased by between about 0.3 and 0.6 °C since the late 19th
century.... Night-time temperatures over land have generally increased more than daytime temperatures....Regiona
changes are aso evident.[e.g.] recent warming has been greatest over the mid-latitude continents in winter and spring,
with a few areas of cooling, such as the North Atlantic ocean. Precipitation has increased over land in high latitudes of
the Northern Hemisphere, especially during the cold season.” (Houghton et a , 1995,4)



“Even if the amounts of CO, in the atmosphere stabilise at double today’s levels the IPCC estimates that by the end of
the 21st century the global temperature will have increased by between 1.5 °C and 4.5 °C. “(Rind, 1995, 36)

Corroborating existing data

Jones and Wigley, together with colleagues at the
Climatic Research Unit of the University of East
Anglia initiated a project to collect and analyse
every available historical temperature record.
Through a process of regiona cross-checking,
comparison and allowance for changes in technique
and the heat island effect of modern cities, they
came up with a data base from 1,584 stations in the
Northern Hemisphere and 293 in the Southern
Hemisphere. They expressed the temperatures of all
stations in terms of deviations from average
temperatures during a reference period (1950 - 1970)

Figure 2. Combined land-surface air and sea surface| for whichreliable global datawas available.
temperatures (OC) 1861 to 1994, relative to 1990. The solid Their caculations showed two thi ngs, 1) g'obal

curve represents smoothing of the annual values shown by [ imate varied considerably from year to year, and

the bars to suppress sub-decadal time-scale variations. The 2), the earth had experienced an overall warming

dashed smoothed curve is the corresponding result from ' O~

IPCC (1992) after (Houghton et al , 1995, 26) trepd of 0.5 "C since the late 19th century. (Jones,
Wigley, 1990, 68)

Complicated inter-connections in climate system

There are many feedbacks in the climate system. Some will accentuate the warming and others will mitigate or dampen
it.

I ce Albedo: Ice and snow reflect the solar radiation, whereas melting ice as water, will absorb it. Seaice with overlying
snow reflects about 40 to 60% of the solar radiation, whereas the open ocean at high latitudes reflects only 20 to 30%.
Méelting the sea ice during spring and summer can increase the polar ocean absorption of solar radiation by as much as
50 - 100 W m?, which should be compared with the direct CO, radiative heating of about 4 W m™. (Ramanathan, 1988,
295)

Water vapour: In one-dimensional climate models, where this feedback can be selectively turned off, the H,0
greenhouse feedback amplifies the air temperature warming by a factor of ~1.5 and the surface warming by a factor of
~3. (Ramanathan, 1988, 295)

Clouds: Clouds increase the albedo (reflectivity) of the planet from about 10% (the clear sky abedo) to the observed
value of 30%. An increase in the planetary albedo of just 0.5% is sufficient to halve the greenhouse effect of CO,
doubling. (Ramanathan, 1988, 295).

Solar variation: Computer models predict that the change in the global radiation balance caused by increases in
greenhouse gases is roughly equivalent to a 1% increase in the luminosity of the sun. (Jones, Wigley, 1990, 73) Average
solar radiation can vary by as much as 0.4% on a daily basis, and about 0.1% over a sunspot cycle [trandating] into a
temperature fluctuation of 0.15 - 0.30 °C at the Earth’s surface - equivalent to decadal temperature changes attributed to
the enhanced greenhouse effect. (Bryant, 1997)

Sulphate particles: Injected into the atmosphere by volcanoes and fossil fuel burning, they could cancel out around 25
% of the global warming that results from the heat trapping effect of greenhouse gases. (Mathews, 1994)

Observations

Sea Level: Global sealevel has risen by between 10 and 25 cm over the past 100 years and much of the rise may be
related to the increase in global mean temperature.” (Houghton et al., 1995, 4) The present average rate of global sea
level rise over the last century is about 1 mm a*. (Budd, 1991, 280) This is significantly higher than the average over
the last several thousand years... thermal expansion of the oceans accounts for 2 - 7 cm and the general, global retreat of
glaciersis responsible for between 2 - 5 cm. (Warrick et a. 1995)

Ocean Warming: Sea surface temperatures in the Indian and much of the Southern ocean have warmed by up to one
degree between 1962 and 1987. (Melbourne Age. 1997) Deep ocean temperatures measurements in the south-western
Pacific Ocean in 1992 and the North Atlantic in early 1994 all show an increase of about 0.5 °C. (Thwaites, 1994,
Bindoff, Church, 1992)



Mountain freezing point gaining altitude: The freezing point for ice caps on tropical and sub-tropical mountains -
where the air temperature reaches 0 °C - has been gaining altitude since 1970 at a rate approaching 4.5 metres a year.
(Highfield, 1997)

Antarctic mass balance: “ ...a warmer climate should increase the accumulation rates, causing sea level to fall. .. the
observational evidence is insufficient to say with any certainty whether the ice sheet is currently in balance or has
increased or decreased in volume over the last 100 years.” (Warrick et a.,1995, 363)

Sea |ce: Comparisons of satellite data between 1978 and 1994 revealed a statistically significant decline in Antarctic
seaice of 1.4 per cent per decade. The decline of Artic seaiceis 4.3 per cent per decade.” (MacKenzie, 1995 (d))

Disintegration of Antar ctic Peninsula I ce shelves: In January 1995, 4200 square kilometres of the northern Larsen Ice
Shelf broke away... the two northern-most sections of the ice shelf fractured and disintegrated almost completely within
a few days. This break-up followed a period of steady retreat that coincided with a regional trend of atmospheric
warming... Between 1966 and 1989, the Wordie Ice Shelf decreased from ~2000 to 700 km?, probably as a result of
regional atmospheric warming. (Rott, 1996, 788) Temperatures in the Antarctic Peninsula have increased 2.5 °C since
the 1940s. (Paren, WWW, 1998)

| ce streams. The West Antarctic ice sheet drains roughly one-third of its massinto the Ross Ice Shelf. Ice Streams B, D
and E are the primary routes. (Bindschadler, 1997, 410) In 1991 they were moving with velocities typically of a few
hundred metres per year. (Budd, 1991) In 1997, ice streams B, D and E all showed evidence consistent with ongoing
surge behaviour modelled for glaciers. (Bindschadler, 1997)

Glaciers: Pine Idand Glacier, West Antarctica has
retreated 1.2 + 0.3 kilometres per year between 1992 and
1996, which in turn implies that the ice thinned by 3.5 +
0.9 metres per year. The fast recession is attributed to
enhanced basal melting of the glacier floating tongue by
warm ocean waters conditions .... An increase in seawater
temperature from +1.5 °C to +2.0 °C increases basal
melting by 30%...Sediment cores collected in Pine Island
Bay show that a substantially more extensive ice-shelf
cover was present perhaps as recently as 100 years ago in
Pine Idland Bay... (Rignot, 1988, 549)

Possible signs of global warming

Coral Bleaching: Cora bleaching has been associated
with sea surface temperature increases of 2 to 3 °C near
Tahiti, the Caribbean and Thailand. (Anon., 1991(a))

Ocean flip: Scientists have discovered a salinity and
temperature inversion in the deepest water of the
Mediterranean... (Mackenzie, 1995 (a))

Breakdown of the Odden Feature: The Odden Feature,
Greenland, one of four areas in the world that drive the
world’'s ocean circulation system, has broken down. There
has been no substantial convection to the deep ocean of the
Greenland Sea for 40 years, and especialy in the past 10
years... convection that a decade ago took surface water
down to a depth of four kilometres now reaches only one
kilometre. (Pearce, 1994(b), 4)

Plankton “hole”: Surface warming of parts of the Pecific
Ocean off California by around 1.5 °C has been linked to an 80 per cent decline in zooplankton since 1951. (Pearce,
1995, (9))

Tropical warming: “...average tropospheric temperature in the tropics has increased since 1965 by nearly 1 °C. More
importantly, the water vapour content of the middle troposphere has increased, above the equatorial Pacific, by 20-
30%...... The results indicate an intensification of the hydrological cycle, especially over the warmest oceans and they
also suggest tropical circulation changes ... These parameters indicate a destabilisation of the marine boundary layer,
which cannot be systematic error ... the trends are not affected by the frequency of cold or warm El Nino-Southern
Oscillation (ENSO) events.” (Flohn, Kapla, 1989, 244)

Figure 3: Retreat of Antarctic Peninsulaice shelves
after Vaughan, Doake, 1996, 328

Non-greenhouse climate observations

El Nino: Researchers have said that El Nino events, apparently triggered by a build up of very warm water in the
western Pacific, are likely to become more frequent with the warming of the oceans. (Pearce, 1993 (b)) El Nino events
occurred for five years running from 1990 to 1995. (Rind, 1995)



UV doubles in Antarctica: The ozone hole over Antarctica stayed open longer in 1990; allowing twice the average
level of UV radiation to reach the Earth’s surface. (Anon., 1992)

Proxy Data

Meteorological temperatures are not the only measures available to monitor temperature. There are many proxy climate
indicators. Mann et a in Jones reconstructed global scale temperature patterns since 1400 AD using such proxies and if
ranked in descending order, he said that; “...the best proxies would be long instrumental records, followed by historical
records, tree density, tree-ring widths, ice cores, and corals. .... (Jones, 1998, 544)

Bore Holes: Underground temperature measurements show a mean increase of 0.041 °C per year between 1963 and
1990. (Anon, 1993(a)) Sixty-one boreholes from 29 different sites in the Northern Hemisphere have established that
ground temperatures increased 1 - 2 °C over the past 100 to 150 years. (Anon.,1991(b))

Treerings: There has been no episode in the past 1000 years to match the growth in the tree ring width of the past 25
years and the temperaturerise it indicates. (Anderson, 1991, 13)

“The limited available evidence from proxy climate indicators suggests that the 20th century global mean temperature is
at least aswarm as any century since at least 1400 AD.” (Houghton et al., 1995, 5)



2. Scientific dispute

Cultural values

A general characterisation of scientists might be that they are measured in their speech and not prone to exaggeration or
over-statement when presenting their research. Science is presented as value-neutral, objective and rational. Sassower
has said that this style of presentation is culturally and socially conditioned; “...adopted by scientists because they know
that their culture values and respects this attitude towards one’ s pronouncements ...” (Sassower p. 44)

Impartiality and objectivity also provides a measure of credibility; allowing the research to speak for itself. “Whether
oracles are called “witch doctors’ ... or scientists ... makes no difference to their cultural position in society because they
perform adua function commonly associated with oracles, that is saying something with a great deal of authority about
aparticular event asif that event is certain to occur and at the same time connecting the event to the people; delivering a
message to an audience that has a set of expectations.” (Sassower p. 44)

The normal process of knowledge accumulation and ratification occurs within disciplines according to a process known
as peer review. Contemporary research is submitted to a variety of disciplinary journals. These journa articles are then
sent to reviewers with sufficient knowledge in the particular field. The author’s name is removed so as not to prejudice
the research with her/his reputation, persona history etc and the reviewers then consider the scientific merit of the
paper. It is then sent back to the author, via the journal, corrections and revisions are made and the paper re-submitted
and then ultimately published.

In the process of writing a paper, scientists acknowledge each other and their work; developing links, weighing
empirical data and following theoretical lines of argument. This process legitimates both, the body of knowledge itself,
through consolidation, extension and annotation, and the author, by acknowledging her/his peers and the community of
science. In the recent past (20 - 30 years ago) scientists included the collective pronoun “we” rather than the first person
“I" in their papers; furthering the perception of a united, consensual scientific community.

Scientific research is generally expensive and increasingly dependent on private funding. (Etzioni-Harvey ) The
connection between science and society; technology and industry thus results in a mutually dependent relationship.
Science serves society, not simply for utilitarian reasons but more exactly to maintain itself; to garner the financia
resources to secure its operation.

By remaining impartial and objective, science can maintain a posture of advice and service. This view is borne out by
former Chair of the IPCC, Bert Bolin in O’'Riordan., Jager, “... [he] noted that the role of science should be to delineate
a range of future opportunities, and analyse what the implications of development along one course or another might
be... not to recommend one or the other.” (O’ Riordan., Jager, 1996, 3)

Dependent on the non-scientific mainstream, science adopts value-neutrality as a cultural value or ethic. This avoids
conflict and removes science from the restrictions of moral and political judgement. Science provides the product and
eco-political structures deal with the policy.

Scienceis therefore the ideal “servant” for government; they hold much influence, but relatively little direct power over
others. (Etzioni-Halevy, 1985, 11) By engaging with eco-palitical institutions while maintaining distance from policy
making responsibilities directly, science culture establishes the necessary influence and power to safeguard its
autonomy and authority.

In 1988, NASA scientist, James Hansen, told the US Congress that he was 99 per cent sure that “...current temperatures
represent areal warming trend” . (Pearce, 1989, 1)

This statement has since been challenged by other scientists, as being too strong and based on poor science.

Hansen's claim of 99% certainty was contrary to the professionalism and cultural ethic within science. While he may

have felt justified to make a claim of near certainty, his colleagues realised that the weight of evidence to the contrary
challenged the credibility of the entire scientific community.

The facts of dissent
In the late 1980s, there were a number of facts that strongly contradicted predictions of global warming:

The meteorological temperature record was not long (commenced 1850) and readings were concentrated in the
Northern Hemisphere. Temperature readings can vary due to changes in location and types of instruments. (Jones,
Wigley, 1990, 67)

Theentirereference period (1950 - 1970) for the Jones and Wigley study sat within a period of sustained cooling
from 1940 - 1970. The IPCC has established that mean global surface temperatures increased by 0.3 - 0.6 °C since the
late 19th century, and by about 0.2 - 0.3 °C over the last 40 years. (Houghton et al. 1995, 15)

The cooling between 1940 and 1970 coincided with a period when greenhouse gas emissions were increasing
rapidly. (Jones, Wigley, 1990, 73)

The hemispheric records was in conflict with expectations. As the Southern Hemisphere has more ocean than the
Northern, it was expected to warm more slowly, but in the 1980s this was the area where the effects were strongest.



Also, while models predicted warming would be pronounced in the Artic and minimal in the tropics, the reverse had
been true over the past 50 years. (Pearce, 1993 (a))

And some parts of the world were getting colder; Greenland, northeastern Canada and some of the Soviet Artic
islands. (Pearce, 1991)

Fifty percent of the observed warming trend in this century could be attributable to a natural internal
fluctuation. Over the course of a century low-frequency temperature variations can be as large as 0.2 - 0.3 °C. (Jones,
Wigley, 1990, 72)

“The observed increase is consistent with the lower end of the temperature increases predicted by the computer models.
Consequently, the temperature records, as well as the predictions of mathematical models, provide substance both to
those who believe the evidence warrants action now and to those who believe the evidence is still too weak.* (White,
1990, 22)



Utility of Science

The IPCC, established in 1988 to investigate the scientific evidence of climate change, developed parameters for
climate research:

Radiative forcing: the perturbation of the energy balance of the surface-troposphere system, after alowing for the
stratosphere to re-adjust to a state of global mean radiative equilibrium.

Climate sensitivity: long term (equilibrium) change in global mean surface temperature following a doubling of
atmospheric CO, (or equivalent CO,) concentration.

These terms have defined the focus of climate change science. The development of radiative forcing values, has enabled
scientists and politicians to assess greenhouse gases and feedbacks; to compare and contrast calculated effects with
satellite monitoring of heat escape from the upper atmosphere.

Climate change science is a relatively new field of inquiry. The complex connections within the climate system are
reflected in the disciplinary make-up of climate change scientists. Scientists come from a range of disciplines and apply
their specialised knowledge to particular climate change questions.

It is not humanly possible or reasonably expected that individual scientists have a comprehensive understanding of all
climate processes. Scientists can only talk with authority about their area of expertise. Through forums such as the
IPCC, pieces of specialised knowledge form the body of climate change science.

The multi-disciplinary nature of climate change necessarily leads to a significant level of “inter-disciplinary
dependence”. For example, the mass balance of Antarctica, affects research in other fieldsie. estimates of sealevel rise
due to thermal expansion. The reverse is aso true; estimates of radiative forcing and climate sensitivity impact on
glaciology’s ability to determine the ice sheet’ s vulnerability to external forcing.

With mathematical models; Global Circulation Models (GCMs) scientists are able to address specific climate questions
by parametising known factors eg. greenhouse gases, heat fluxes etc. and explore past and future climates, based on data
collected from paleoclimates. Commonly, adoubled CO, value is used to represent anthropogenic greenhouse gases.

Due to the spatially and temporally limited temperature records, computer modelling has been the principa tool of
climate change science. It has been extremely useful in addressing areas of uncertainty. Specifically:

Sulphate particles: The Globa Circulation Model team at the Hadley Centre succeeded in reproducing the global trend
in temperature back to 1860, taking into account the effect of pollution by sulphate particles. Their model showed
sulphate cooling to be dlightly greater than expected; offsetting about 30% of greenhouse warming. Even so, with
“business as usual” emissions at their present rate, the model still predicted a net global warming of around 0.2 °C per
decade. The Hadley model showed a period of relatively constant temperatures from 1860 to 1920, a steep rise of
around 0.3 °C during the 1930s and 1940s, then another period of relative stability until 1970. Since then, temperatures
have climbed more or less continuously, and are currently around 0.3 °C higher than the 1951 to 1980 average.
(Mathews, 1994)

Solar cycle: Researchers accurately mapped the climatic influence of the sunspot cycle. In identifying the 80 - 90 year
long oscillating cycle they matched it with temperature records going back to 1870. Researchers were also been able to
isolate solar variation over the last 100 years and found that the solar output varied by no more than + 0.5%. “A cooling
of the Earth of this magnitude may indeed be beginning about now, but the warming due to increased emissions of
greenhouse gases is already twice as large, and is getting larger.” (Gribbin, 1991,14)

GCMs are limited; it is not possible to represent the entire climate in full detail and complexity. Modellers must make
assumptions; eg. many coupled atmosphere-ocean models have a “dab ocean”; internal processes are not well
represented. Similarly, with seaice:

“During the July-September 1986 experiment in the
eastern Weddell Sea we found a mean snow thickness
of 14-16 cm on the surface of first year ice. Since the
ice itself is so thin, this was sufficient to bring the ice
surface below sea level in 15 - 20% of cases, leading to
the infiltration of sea water into the overlying snow and
the formation of either a wet slushy layer of top of the
ice, or in the case of freezing, the formation of a “snow
ice” layer between the unwetted snow and the original
ice upper surface. ... in multi-year ice in the western
Weddell Sea the snow thickness was much greater. The
average was 0.63 m over undeformed ice and 0.7 m
over deformed ice. This was sufficient to push the ice
surface below sea level in amost every case ... The
resulting flooded layer will have an enormous effect on
passive microwave signatures, making it difficult to
unequivocally identify multi-year ice using current
algorithms and will aso have an impact on mass and

Figure 4 First year and multi year ice in Weddell Sea after



energy balances of seaice which must be taken into account in modelling efforts.” (Wadhams, 1994, 52)

To the scientific mindset of the IPCC, investigating scientific evidence of climate change required identifying the
“signal” of change from the “static” of climate variability. In 1995, having incorporated sulphate cooling (- 0.5 Wm?)
in their estimates of global warming (2.5 Wm@), this task was completed to the IPCC’ s satisfaction;

“Our ability to quantify the human influence on global climate is currently limited because the expected signal is till
emerging from the noise of natural variability, and because there are uncertainties in key factors. These include the
magnitude and patterns of long term natural variability and the time-evolving pattern of forcing by, and response to,
changes in concentrations of greenhouse gases and aerosols, and land surface changes. Nevertheless, the balance of
evidence suggests that there is a discernible human influence on global climate.” (Houghton. et al., 1995, 5)

However, there was considerable uncertainty about the climate system itself. John Houghton, Chair of the IPCC’s
science working group, said that scientists were applying the triage method to scientific uncertainties, (Houghton. et al.,
1995) The IPCC identified five key areas:

» sources and sinks of greenhouse gases, which affect predictions of future concentrations;
» clouds, which strongly influence the magnitude of climate change;

» oceans, which influence the timing and patterns of climate change;

» polar ice-sheets, which affect predictions of sea-level rise;

 land surface processes and feedback, which affect hydrological and ecological processes. (Steering Comm.CC. 1995
p. 71)

Political Science

Science and politics share the operational process of dividing fields and issues respectively, into a set of smaller
problems. For example, the “environment” composes a number of issues; biodiversity, resource use, deforestation,
desertification, acid rain, climate change, ozone hole etc.

This process serves both science and government. For the latter, each issue is negotiated separately, balancing priorities
of various economic, political, social and environmental interest groups within the broader context of a government’s
attitude towards “the environment”. For science, the process provides opportunities for furthering legitimacy via
government research and contributes to the advancement of expertise and increased specialisation within science.

The poalitical influence on climate science is directive and substantial. As the funding bodies for science, national
governments and private industry determine the parameters of climate research and guides the scientific perspective on
climate itself.

This perspective has increasingly become localised.

» The Framework Convention on Climate Change required governments to produce inventories of greenhouse gas
emissions. While an inventory of gas emissions is a necessary step towards building models on their global impact,
it effectively concentrates domestic and international attention on the emissions of individual countries. International
conventions aimed at limiting emissions can then be stalled by arguments over targets and the performance of
individual countries.

» Now that climate change is established as an actuality, national governments require accurate modelling of regional
impacts. There is awidespread appreciation that climate change will bring both winners and losers, and advancesin
climate modelling offer the best chance for planning and adaptation measures.

The direct radiative forcing values of greenhouse gases have a political and scientific utility because they are; 1)
measurable (or at least able to be calculated based on instrumental observations), 2) more controllable than indirect
effects and feedbacks such as water vapour, the abundance of which is directly related to air temperature and therefore
difficult to quantify. Instruments are not currently able to measure stratospheric water vapour. (Nicholls, 1995, 161)

However, the delineation of environmental issues, and the focus on direct radiative forcing, has enabled:

« Modifying the combined radiative forcing of CFCs and HCFCs; 0.25 Wm? to 0.15 Wm™? due to the negative
forcing resulting from stratospheric ozone depletion. (Houghton. et al., 1995) This may be legitimate in terms of
“cause” but not in effect. For example, global warming and the ozone hole both impact on Antarctica, the severity of
the former is the subject of much scientific study. However, seen as separate issues and then related according to
one parameter; their influence on the radiation budget, the full environmental impact is obscured and possibly even
the need for its study removed.

» Ozone depleting CFCs were replaced with fully fluorinated compounds (FFCs) responsible for less than 1% of
greenhouse warming but with atmospheric lifetime of up to 50,000 years. The atmospheric concentration of sulphur
hexafluoride, the most potent greenhouse gas evaluated by the IPCC, is increasing at around 8% per year. (Anon.
1995(a))

« The direct radiative forcing of methane is 0.47 Wm™. (Houghton. et al., 1995) The indirect effect of methane
emissions is to increase water vapour in the stratosphere. (Ramanathan, 1988, 299) This is as significant a problem
as CO, in the troposphere (Killingbeck, 1996, 10) and responsible for polar stratospheric clouds that contribute to the
seasonal weathering of the ozone layer over Antarctica. (Pearce, 1989, 21)



The development of Global Warming Potential indices presages another development; the merging of science with
politics. GWPs value greenhouse gases according to their “policy lifetime”, determined by international conventions,
not their atmospheric lifetimes. Also, these “lifetimes’ are calculated comparatively, usualy with C0,. ((Houghton. et
al., 1995)) As CO, has various lifetimes, depending on whether it is taken up by plants, ocean or atmosphere, this
comparison is problematic.

The normal process of peer review has been atered in the preparation of IPCC reports; individual scientists contributed
to sections of the IPCC report according to their field of expertise, but the Policy-maker's Summary was subject to
consensual agreement. (Pearce, 1995 (a)

Thus, the resolution of scientific enquiry; the posting of results, was subject to a political process that involved industry
and environmental groups, aswell as scientists and government.



3. Change

Science Education

The main focus of early science education is to train students in scientific methods. This involves demonstrating the
validity of present scientific knowledge with a series of “textbook” exercises. Fleck says that this learning process is
analogous to the physiology of movement; for each “active” muscle, its partner must be immobilised. So it is with
learning. “The corresponding features in the operation of cognition are purposive, directed determination and
cooperative abstraction, which complement one another.” (Fleck, 1979, 30)

So, in order to learn, a student becomes an active participant in an institutional or cultural process where mental
wandering or independent disagreement is suppressed. As Whorf says; “... if intelligent means quick to learn, perhaps it
also means receptive and hence too credulous.” (Whorf. p. 35) This concept is supported by Fleck: “In the field of
cognition, the signal of resistance opposing free, arbitrary thinking is called afact.” (Fleck, 1979, 101)

As a student progresses to higher levels of proficiency, the teaching method and approach changes. “But as the student
(the addressee of the didactic process) improves his [her] skills, the expert can confide to him [her] what he does not
know but is trying to learn (at least if the expert is also involved in research). In this way, the student is introduced to
the dialectics of research, or the game of producing scientific knowledge.” (Sassower. p. 71).

Persistence of Scientific Knowledge

Fleck has introduced the concept of thought collectives and stresses that it “...is not to be understood as a fixed group or
socia class. It is functional, as it were, rather than substantial, and may be compared to the concept of field of forcein
physics. A thought collective exists whenever two or more persons are actually exchanging thoughts.” (Fleck, 1979,
102) And the third participant in the dialogue is the body of knowledge itself, producing a mood or commonality
between the speakers. (Fleck, 1979)

Through the process of peer review new insights are incorporated into the total system of knowledge. In hindsight, they
“explain better” what was once adequate but incomplete. “Facts are never completely independent of each other.
..every fact reacts upon many others... It is characteristic of advanced knowledge, matured into a coherent system, that
each new fact harmonioudly - though every so dightly - changes al earlier facts. Here every discovery is actualy a
recreation of the whole world as construed by a thought collective.” (Fleck, 1979, 102)

A thought collective is therefore the carrier of the theoretical basis and the accepted assumptions of any sphere of
research. It determines how the object of study is perceived, and what is understood to be error. (Fleck, 1979)
Elementary science education establishes the context and extent of what is known, and how it can be proved or
understood to be true and this process continues and deepens throughout a scientist’s involvement in her/his field of
research.

This does not mean that science stagnates; perpetuating “old ideas’ despite new insights. It simply means that thereis a
persistence in the views of athought collective. “Whatever is known has always seemed systematic, proven, applicable
and evident to the knower. Every alien system of knowledge has likewise seemed contradictory, unproven, inapplicable,
fanciful or mystical.” (Fleck, 1979, 22)

Dispute over the greenhouse theory is an example of the operation of a thought collective: a community of scientists,
with access to the same data, arriving at divergent conclusions. The disagreement is not unusual. It is the consequence
of commonality within the thought collective of atmospheric science.

As Fleck says: “Every pronouncement leaves behind either the solution or the problem, if only the problem of the
problem’s own rationality. The formulation of a problem already contains half its solution. Any future examination
must return along existing thought tracks. The future will never be completely isolated from the past, whether normal or
abnormal, except when a break with it occurs as the result of the rules characteristic of the thought structure in
guestion.” (Fleck, 1979, 37)

The fundamental proposition of greenhouse warming theory was that doubling preindustrial emissions of C0, would
cause a 5K increase in mean globa air temperature. The link between CO, and temperature has been tested and
contested:

» paleoclimatic evidence from 3 million years ago, when the Earth was a few degrees warmer than today, show that
the CO, concentration in the atmosphere was not much higher than it is now. (Rind, 1995)

» lce cores from glacia and interglacial periods show CO, concentrations as 180 ppmv and ; 270 - 300 ppmv
respectively. (Ramanathan, 1988, 294)

As scientists on both sides of the debate have considered the influence of sulphates, solar variation, clouds etc. the

parameters for the debate have remained: CO,, temperature and the atmosphere.

Factors that affected the input and output of the climate system as it is understood from an atmospheric perspective

were isolated; leaving the signal of climate change in atmospheric terms: temperature, rainfall and sea level rise (from
thermal expansion of the oceans).



The very success of climate modelling; its facility for explaining variations in the global mean temperature record, and
identifying the climate change “signa”, has reinforced both the method of enquiry and the theory.

However, modelling requires; 1) simplification, due to the complexity of the climate system, and 2) assumptions,
according to the specific problem. “What remains is no longer a part of rea life with al its unpredictabilities, but an
isolated system posing convergent, and therefore in principle soluble, problems. The solution of a convergent problem,
at the same time, proves something about the isolated system, but nothing at all about matters outside and beyond it.”
(Schmacher, 1977, 40)

The available scientific knowledge is predominantly from the disciplines of atmospheric science and meteorology. It is
these sciences that provide the instrumental record. The placement of these instruments is based on the long-term utility
of these sciences. They are established and commercially-useful instructional sciences; weather prediction is crucial for
anumber of industries, particularly agriculture and shipping.

Therefore, assumptions and thought constraints from the domain of atmospheric science underscore climate change
science. The triage method, adopted by the IPCC to improve scientific understanding of climate processes, does not
challenge these underlying assumptions. Rather, they are the fundamental basis for research.

The term “C0, equivalent” was developed when it was realised that other gases, most importantly, CFCs, were also
responsible for absorbing infrared radiation. It begs the question of how equivalenceis judged. The answer; in terms of
heat trapping or temperature effect, is derived from the atmospheric science thought collective. They are not equivalent
in terms of naturally available processes for their removal; non-C0, gases absorb heat energy at infrared band-widths
not currently blocked by naturally occurring gases and; the secondary effects of methane and CFCs (as discussed)
conceivably put them in a different category to CO,.

Similarly, “C0, Doubling”, used in climate modelling to represent all anthropogenic greenhouse gases; represents two
things at once; 1) that al other gases have a heat retention value close to that of CO,, hence “doubling” the CO, effect
and 2) the original proposition: the doubling of CO, alone.

The progressive development and adoption of “C0, Doubling” may lead to serious underestimates by climate scientists
if it isapplied literally rather than figuratively in climate models. CO, concentrations in the atmosphere are so large that
the gas is optically thick. The CO, greenhouse effect scales logarithmically with the concentration, while it is linear for
those gases that absorb in the atmospheric window of heat escape between 7 and 13 . (Ramanathan, 1988, 294)

Temperature increase is a measurable result of
the greenhouse effect. However, more
accurately the effect causes extra retention of
the Earth's heat; CO, (at approximately 350
ppm) is responsible for the strong absorption
in Figure 5; water vapour (10,000 - 40,000
ppm) absorbs right across the infrared
spectrum.  (Emsley,  1992)  Increased
temperature will increase water vapour.
(Ramanathan, 1988) Killingbeck says that the
temperature focus of climate science and
politics is a significant error. “We are not
discussing reflectable short-wavelength radiant

Figure 5: Heat escape from the upper atmosphere. Sample spectra g .
frc?m the infrared ?Icr)lterferonmeteepspectrursr? onboard FI)\linfgus 3| energy with which the stalus quo_has come
satellite. The dashed lines indicate the outgoing longwave into balance, but the transfer Of.add't'onal low
blackbody emission at the temperatures indicated. The scene is| temperature heat energy by air and water.”
tropical Pacific Ocean under clear sky conditions. After| (Killingbeck, 1996)
Ramanathan, 1988, 294 The advancement of climate science is
consequently limited by the wholesae
adoption of principles from one particular discipline that seem to provide a measure of certainty; a connection between
cause and effect. The importance of atmospheric processes is not doubted, but their ability to accurately define the
workings of the climate-as-system is questionable.

The objects of study themselves “...do not carry a label indicating the appropriate level at which they ought to be
considered. Nor does the choice of an inadequate level lead the intelligence into factual error or logical contradiction.
All levels of significance up to the adequate level, ie, up to the meaning ... are equally factual, equally logical, equally
objective, but not equally real.” (Schmacher, 1977, 53)




Climate as System

Schmacher has identified two types of sciences; “...those that are primarily descriptive of what can actually be seen or
otherwise experienced, and those that are primarily instructional of how certain systems work and can be made to
produce predictable results. We might give botany as an example of the former, and chemistry of the latter.”
(Schmacher, 1977, 118)

Computer modelling is clearly an example of an instructiona science. The biosphere, a significant component of the

Figure6:
Schematic view
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components of
the global
climate system
(bold), their
processes and
interactions (thin
arrows) and
some aspects
that may change
(bold arrows)
After Houghton
eta., 1995

carbon and water cycle,
is not featured in most

GCMs due to
difficulties in its
representation.

While some argue that CO, fertilisation, via increased emissions, could be a good thing for agriculture, it has been
discovered that plants close their stomata when temperatures rise above 25 °C and CO, is abundant. (Gribben, 1995 (b))
A similar effect has been found with rainforests. (Greenpeace, WWW, 1998) Both of these discoveries demonstrate that
biological life is not passive to climate change but also contributes a climate changing effect. By retaining moisture,
plants and rainforests will reduce cloud cover and cause extensive drying in the grass-covered interiors of major
continents (Gribben, 1995 (b)) and the forests themselves. (Greenpeace, WWW, 1998)

Although weather and climate processes can be explained in instructional science terms; as fluxes of heat and
temperature, the climate system as a whole may be more appropriately a descriptive science. Lovelock, proponent of
the Gaia theory, has had considerable success predicting and proving self-regulatory interactions of biota and the
environment. One of his discoveries is the link between ocean plankton and cloud formation. (Charlson et a., 1987)
Scientists are investigating the effect of UV radiation on plankton (Weiler, Penhale, 1994) and ocean stratification,
caused by warming of the surface waters, has aready led to the starvation and 80 per cent loss of plankton species off
the coast of California. Plankton remove 20 - 40 per cent of atmospheric C0,. (Pearce, 1995 (g))

David Rind in his article; Drying out the tropics, explains how climate scientists have long believed that the tropics
would be unaffected by warming. Evidence from the peak of the last ice age, showed that while the world cooled by 4 -
5 °C, the temperature of the tropical ocean hardly changed. And more limited evidence from 3 million years ago, when
atmospheric CO, concentration, and global average temperature, were not much higher than today, led to the same
conclusion. The reason for the temperature stability of the tropics lay in a vigorous ocean circulation system. (Rind,
1995, 39)

He found that vigorous poleward ocean currents would transport more heat to high latitudes and sea ice would melt
slightly, reducing the amount of sunlight reflected back to space and warming the Earth. He also established that there
is, “...more water vapour in the atmosphere over the tropical western Pacific Ocean than over the cooler tropical eastern
Pacific, and that there is generally more in summer than in winter. In other words, in warmer conditions, water vapour
increases in the atmosphere at all levels... everywhere except the polar regions, low-level clouds actually become

thinner as the temperature increases. One possible reason is that the extra water vapour
might increase the size of the water droplets in the clouds, and thus make them more
likely to precipitate as rain.... In tropical regions, an increase of 4 °C in air temperature
means that around 30 % more moisture can be evaporated from the ground. The oceans
warm more slowly, because their heat capacity is much greater, so the increase in
evaporation from the warming ocean is much less. Computer models show that a 4 °C
rise in global air temperature would lead to a 12 % increase in evaporation. The oceans
provide the water for most of the planet’s rain, so this leads to a similar increase in
global precipitation. However, a 12 % increase in rainfall would not be enough to make
good the attempt by the land to lose 30 % more of its water by evaporation... A 4 °C
warming would bring frequent droughts to middle latitudes as well, and arid climates
would extend about 35 ° north and south of the equator.” (Rind, 1995, 39)

Figure 7: Schematic
of the thermohaline
circulation of the
global ocea. The
broken arrows
represent the major
surface components
of the circulation.
The continuous line
denotes the deep
water circulation
After Bigg, 1996, 17




The ocean circulation system
is driven by four small areas
of the world’s oceans. One
occurs where the waters of
the Mediterranean enter the
Atlantic. The other three are
al in polar regions; in the
Greenland and Labrador
Seas of the far North
Atlantic and the Weddell Sea
off Antarctica The normal
operation of the “pumps’
causes salt to be separated
out from seawater at -1.9 °C.
Dense, sdine water then
sinks to the bottom of the
ocean and moves through the world system. (Pearce, 1994 (b)) The system distributes and mixes the extremes of the
Earth’'s heat, from Antarctic Bottom Water to the equatorial sea surface waters, viaa 1,000 year water cycle. It has been
linked to changes between ice ages and interglacials. (Broecker et a., 1985).

While the slowing and eventual breakdown of the ocean circulation system has been modelled for doubled CO, and
guadrupled CO, respectively, (Manabe in Dickinson et a., 1995, 213) the break-down of the Odden Feature,
Greenland, responsible for removing perhaps a quarter of the carbon dioxide taken to the deep ocean (Pearce, 1994 (b))
will presumably place extra stress on the remaining “pumps’ driving the world system. Modelled changes to the system
indicate a5 °C cooling in Europe. (Pearce, 1994(c))

“Radiative forcing” and “climate sensitivity” are terms derived from atmospheric processes and validated by scientific
understanding as it is today. Fundamentally, they are based on a “hedthy” eco-system able to recycle naturally
occurring greenhouse gases and modul ate the Earth’s climate through ice ages and interglacials, according to triggering
effects as understood by climatologists. The atmospheric focus of climate science, while adequately demonstrating the
human influence, may actualy inhibit the advancement of scientific understanding; specifically in terms of the
“equivalence” of greenhouse gases. In light of this, it would seem that IPCC estimates of climate sensitivity, are under-
stated.

Observations

The identification of the climate change signal in 1995 has not resolved scientific uncertainty about the causes of natural
variability. “Most of the uncertainties surrounding the causes of recent climate change will never be resolved because
the necessary historical data are lacking...Together with advances in modeling, data to be gathered in the coming
decades will reduce the uncertainties ... and lead to better predictions of climate change.” (Jones, Wigley, 1990, 73)

However, this view does not indicate an awareness of the subjective dimensions to research, and the limitations of
atmospheric bias within climate change science. It also assumes that “change” will be recognisable from variability.

The need for reflexive processes in science is demonstrated in Fred Pearce’s book; Turning up the Heat. The hole in the
ozone layer was discovered in the late 1970s but not announced until 1988. Two instruments aboard an American
satellite, had been collecting data since 1978 suggesting that the ozone was disappearing at a rate of 1% a year, and 3%
at certain latitudes. “The figures were unbelievable and scientists decided that a mechanical diffuser plate which
serviced both instruments had deteriorated producing spurious readings... The scientists operating the ground monitors
had devoted too much time to plugging the data into their models of what they thought was happening to the ozone
layer, and too little time sifting the data itself for trends. Indeed, their desire to produce statistically tidy graphs meant
they weeded out the very data which showed the decline in ozone... since nobody was looking for a seasona fall in
ozone levels, nobody looked at the data season by season. Investigators simply averaged all the data taken during a
year. Then, since fluctuations appeared greatest in winter and least in summer, they weighted the annual averages to
take more account of summer readings... Finally, since fluctuations were smallest nearer the equator, researchers
weighted the global averagesin favour of stationsin the tropics - just where, we now know, the dip in ozone levels was
least marked...They could not have done a better job of obscuring the trend if they had tried.” (Pearce, 1989, 29)

Schmacher says there are four fields of experience and science is primarily concerned with just one; the field of
appearance. (Schmacher, 1977, 115) The instruments of science are sophisticated extensions of the scientist’s own sense
organs, they monitor only what it is they have been designed to perceive. And it is the scientist’s subjective judgement
that determines the design and operation of her/his instruments. As Schmacher says; “... the understanding of the
knower must be adequate to the thing to be known.” (Schmacher, 1977, 49).

“Natural” variability is extremely difficult to distinguish from “unnatural” change, particularly when it occurs in long-
term processes, for which there is an inadequate record of change or arecord of irregular or anomalous change.



El Nino frequency: Where once the ENSO phenomenon occurred every four or five years and had a warm (El Nino)
and cool (La Nina) phase, El Nino phases occurred every year between 1990 and 1995. (Rind, 1995) Wang in Nicholls
“...found that the characteristics of the onset of the Pacific-wide warming associated with an El Nino changed after the
mid-1970s. Indeed, there appears to have been arather distinct change in ENSO in 1976/77. Since then, there have been
relatively more frequent El Nino episodes with only rare excursions into the other extreme...the recent ENSO
behaviour...appears to be unusual in the context of the past 120 years.” (Nicholls et al., 1995, 165)

Sea ice Anomaly: Although reasonably stable from year to year, evidence suggests that sea ice extent diminished
significantly (by about 2 million km?) between 1973 and 1980, then increased by 1 million km? up to 1982 and has
remained fairly constant since then. (Wadhams, (1994, 45) Zwally makes the point that 1973 was the year of largest sea
ice extent and that sea ice decline was associated with the Weddell polynya (a body of ice-free water) in the mid 1970s.
He says that from 1966 to 1973, ice cover was increasing during a period when temperatures were also increasing.
(Zwally, 1994)

Retreat of Antarctic Peninsula ice shelves: Dr Julian
Paren from the British Antarctic Survey said that BAS
scientists preferred to call the 2.5 °C surface temperature
increase since the 1940s in the Antarctic Peninsula a strong
regional warming. “This is because no GCM predicts that
the region should be oversensitive to changes in
greenhouse forcing...” (Paren, WWW, 1998)

Each of the above can be incorporated into the body of
knowledge as variations of natural phenomena. The
atmospheric basis of climate science can provide
Figure 8: Southern hemisphere Sea ice extent| eyplanations and postulate theories, but it fails to advance

anomalies relative to the average for 1973 - 1991. The ; ;
trend line is generated from a 39 point binomial filter understanding on why they are happening.

applied to the monthly anomalies. Heavy bars| Theincreased sea-ice cover during a period of increasing
represent winter months (June, July, Auguest) After| temperatures superficialy indicates that warming
Houghton, 1995 promotes the growth of seaice, except it is sitting low in
the water, weighed down by snowfall (see figure 4) and

therefore subject to ocean warming.

All of these events are linked by ocean circulation and ultimately perhaps, to the Antarctic “pump”. Antarctic Bottom
Water forms in the Weddell Sea when sea ice forms and mixes with colder, less saline Ice Shelf Water (I1SW) from
beneath the major ice shelf; the Ronne-Filchner Ice Shelf.” (Paren, WWW, 1998)

It is possible that cause and effect are being confused; an Antarctic ice melt, rather than being a casuality of climate
change, may actually be the cause (if not at least a major feedback).

Antarcticais perceived most often in terms of its potential in terms of sealevel rise. Thisis qualified by the fact that sea

ice and ice shelves will not contribute significantly to sea level as they are floating and will merely displace their own
weight. (Budd, 1988 ) While half of the estimated sea level
rise is unaccounted for (Warrick et al., 1995) and the range
of uncertainty of Antarctic mass balance is equivalent to
observed sea level rise (Budd, 1988), the main focus for
climate science should perhaps be Antarctica's role in the
ocean circulation system.

Since research by Jacobs et al (1996) “...suggests that the
Antarctic Ice Sheet is currently losing mass to the ocean “ it
is recommended that world scientists explore the effect that
thisinflux of fresh water would have on the world system.

The coincident changes to the ENSO and Weddell Sea ice
in the 1970s is adso recommended as a subject of further
study; possibly in conjuction with the World Ocean

Circulation Experiment.

Table 1: Méelting rates of Antarctic ice shelves after
Jacobs et a (1996)

Change and language

Having determined that climate change is a reality, scientists are experiencing something similar to a group of people
that have moved to a foreign country; where the language is similar but with unexpected and incongruous differences.
Generaly they can “make do” while they immerse themselves in the culture but increasingly, they discover that words
they know well have embarrassing meanings in this new country. If we consider the current state of climate knowledge
as alanguage system; concepts, relationships and grammatical laws, then the following illustrates their dilemma;

Observations - (may) reinforce and consolidate meaning of established “words’
Uncertainty - no words



Variability - broadening of definition or changing to new meaning
Change - new meaning

The fundamental problem for climate science is incorporating observations into the vagaries of climate variability. It is
a double-edged sword as evident from one researcher’s comments about the breakdown of the Odden Feature;
“Theories about deep-water formation were developed at a time when the ocean seems to have been very stable. But
maybe the ocean is normally this variable. Whether we should be worried by the shutdown of convection or just curious
ishard to say.” (Pearce, 1994 (b), 4)

The reality of climate change is also generally difficult for non-scientists to appreciate because; 1) it is often simply
associated with temperature increases and; 2) the word has many scales of meaning; “change of mind”, “change of
heart”. It becomes more definitive when associated with mechanical operation (change gears) and physical movement
(change address). However, there is almost always the possibility of a change back. There are no appropriate words in
popular English to describe the climatic definition, although the phrase “change of life” denoting menopause and the
end of a woman’s menstruation comes closest. Even in this case, the change referred to is possibly more philosophic,
encouraging women to consider themselves as participants in the world beyond the strict limitation of their role as
potential or actual mothers. Change in this case is perhaps more attitudinal than physical, athough it applies to an
irreversible physical process.



Conclusion: Consensus?

The significance of the 1995 |PCC announcement is open to interpretation.

For scientists, the identification of the climate change “signal” from the “static” of climate variability, was a significant
cal to action. In fact, in the context of apolitical scientific neutrality, and the constrictions of justifiable uncertainty, this
statement was the strongest and most definitive statement that could have been made.

However, politicians, journalists and the general public, not bound by the cultural and professional conventions of
unemotional reasonability, may pay more attention to the qualifiers of the announcement; it may appear uncertain and
inconclusive.

For critics of global warming; those unaware of the latest research, or who doubt the validity of current models, the
announcement was a non-binding, consensua statement - inconsistent with the facts as they know them to be. The
IPCC is, after all, a scientific forum that includes members from industry and environmental groups. While it is
significant that such a wide range of vested interests can reach agreement, it can be argued that the conclusion has been
derived via political means, not scientific.

Any scientist (journalist or politician) can focus on the uncertainties in the science, and slow or stall what is ultimately a
political issue. A challenge to any detail of the science; ie feedbacks, model parameters, sulphates, solar variation,
paleoclimates, even if already addressed by the scientific community, can call into question the whole issue of climate
change. One “reputable’ voiceisal that is needed to challenge the growing body of evidence of global warming.

And scientific criticism is not unfounded. There are significant limitations with climate models; the reliance on
instructional sciencesto explain the climate in a series of convergent problemsis problematic in itself.

While science remains primarily in the field of appearance, with little conscious awareness of the subjective dimensions
of investigation, “truth” in science can never be established. The best that science can do, is establish that observations
fit with what is understood to be true. Significantly, this means that certainty in science can never be achieved. If
certainty was possible, science would stagnate. To paraphrase Linguist, Benjamin Lee Whorf, scientific progress has
occurred when people have learned to think differently about things that had been reasonably well understood up until
that time.

There has never been a need for the body of science, or eco/political institutions to assess the normal operation of the
climate system in toto. Now that the world's climate is potentially undergoing radical change, data streams and
computer modelling will yield little useful information, without the fundamental reference point of a healthy system.

While many scientists correct the inappropriate analogy of the “greenhouse”, the image and the popular understanding
of the word carry the theory; it is an effect that produces optimal conditions for life, and not smply human life. More
exactly, it isan effect that allows for the presence of water in al three of its forms; liquid, gas (vapour) and solid (ice).

Science is a product of, and a support to, the cultural and socia theories of its time. The context for climate science is
the world-wide physical and economic dependence on fossil fuel. The choice of “enhanced” (greenhouse effect) over
the more technically accurate “additional” has a particular economic and political rationale. It diverts the popular mind
from associations of human activity stressing a natural phenomena, and instead, suggests improvement. Effectively this
term regjects and reverses the image of fossil fuel pollution as an environmental assault, and replaces it with the
perception that it is Man (sic) improving on Nature.

Popular knowledge and media attention are key factors in the
science of climate change. Governments will not move to
change entrenched dependence on fossil fuel power and
industries without the “permission” that comes from
scientifically and environmental literate electorates. Such
awareness depends heavily on media reinforcement. However,
it is the nature of the media to look for the “good story” and
there are few better than two scientists debating the end of the
world (or at least the end of a stable and predictable climate
system).
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