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SUMMARY FOR POLICYMAKERS

that claims there is a planetary emergency frorbalavarming. It is claimed that the

looming Armageddon is of our own doing becauséefldurning of fossil fuels that
are causing a build-up of carbon dioxide in thecespiere. The more developed a country’s
economy then the more it is to blame, and the ntdrehoves that country to change its
profligate ways.An Inconvenient Trutis a call to arms for government and community
action to fight a perceived emergency.

An Inconvenient Trutiputs Al Gore at the vanguard of a growing worldsvidovement

The planetary emergency is presented as a logitahgion of recent climate change.
Dramatic photos of glacier retreat and other gregbonjure up an image that the earth is
changing as it has never changed before. It ime@dithat the impacts of climate change are
already being felt in biosphere responses thaleating to species loss, disease explosion
and landscape destruction.

Much of Al Gore’s evidence for his claims lacksditglity when examined without the
emotive baggage of impending disaster, blame andlisitic political solutions.

The Science

The presentation of the science of climate charyg8dre is superficial, erroneous and
misleading. In contrast to Al Gore’s simplistic mghors for the greenhouse effect, what
climate science demonstrates are the following:

» CO2 is almost exhausted as an agent for greenlybeisel warming and increasing
the concentration, including doubling from its mesvalue, will have little impact
on the earth’s radiation budget.

» Water vapour is the primary greenhouse gas. lesinolhe hydrological cycle is
essential for balancing the excess solar radiaisorbed at the surface with the
infrared radiation cooling of the atmosphere. Theyancy of convective clouds
causes overturning of the tropical atmosphere #stdlzltes energy through the
atmosphere. Convection is essential for linking emastraining the temperature of
the atmosphere to the warmest ocean surface tetopsa

» The ocean and atmosphere circulations transfersexuat from the tropics to the
polar regions and so regulate surface temperabwessmiddle and high latitudes.
More than 85 percent of the poleward transporiefgy is by the atmosphere and
middle and high latitude temperatures vary withréte of transport.

» The oceans, with their much greater thermal ands nm&stia, are the flywheels of
the climate system. Relatively small changes inssetace temperature pattern (for
example associated with El Nifio) can markedly cleahg atmospheric circulation
and the rate of poleward transport of heat.

» Surface wind fields drive the ocean currents, idrlg the slow meridional
overturning circulations.

* The non-linear interactions between the oceansrandtmosphere are a source of
internal variability of the climate system on timakes from years through
millennia.



Recent Climate Change in Perspective

Al Gore focuses only on changes over the past fevades to century. He implies that the
trends are unusual and will continue unabated, however, a preposterous assertion that
observed trends over the past few decades cartfapebated into the future. These changes
must be put in the context of the past million gear

We have had major Ice Age conditions that havelaetyurecovered to Interglacial
conditions with cycles of about 100,000 years. €gpimpacts of the recovery are
global temperature rise, ice sheet recession artli@idease.

The global temperature rise, ice sheet retreasaadevel rise during recent
interglacials have had a recurring natural boundarggesting a natural strong
constraint is imposed; CO2 amplification of globahperatures (whether natural or
anthropogenic) is an unfounded proposition.

Fluctuations in glacier flow of the Greenland ibeat are not unusual. Even during
the Ice Age periods ice surges into the North Aitaleft glacial debris on the ocean
floor at intervals covering a thousand years oren{bteinrich events).

There is substantial evidence of global temperdtuotuations over the late
Holocene on millennial timescales — eg, the GreekiB warm period, the Dark
Ages, the Medieval Warm period, the Little Ice Agad the modern warm period.
The glacial retreat of the past two centuries ieorarkable and not irreversible,
despite the claims of Al Gore to the contrary; aoefice sheets wax and wane on
the millennial timescale.

The claim of a ‘stable climate’ prior to industrgtion (the *hockey stick’
representation) cannot be sustained. The methogologplicing low-resolution
proxy data to high-resolution instrument data witha sound basis for comparing
respective datum is flawed.

Interpretation of Weather Extremes

Al Gore is selective in choosing various receneseweather events to make the case that
they are unusual and due to global warming.

Hurricane frequency and intensity are related sosseface temperature (SST), but
only in as much as hurricanes require a minimum ®3Fovide the necessary
buoyancy of convection; evaporation from the sw@féhe energy source driving the
systems) increases almost exponentially with S$ilease.

Atmospheric circulation characteristics must aleddvourable. 1997, the year
leading to the warmest year of the instrument rcaas a season with record low
numbers of systems in the Atlantic and Gulf of Mexiegion — years of developing
El Nino in the Pacific are linked to low numbershofrricanes in the Atlantic-Gulf

of Mexico.

Internal factors inhibit intensification. As thetemsity of a hurricane increases so
there are natural forces that kick in to restramedopment. Mass subsidence around
the storm acts to warm the atmospheric environraedtreduce convective
buoyancy and mass overturning — both are necessaelease latent energy.
Frictional drag on the surface wind increases asthbe of wind speed thus also
constraining intensification.

Storm damage statistics do not in themselves iteliga increase in hazard, only
that the insurance exposure in hazardous localiassncreased.



* Much is made of the damage by hurricane Katrirsewvere but not record intensity
storm, but much of the loss of life and damage vdereto a combination of
inadequate action leading up to the storm, faibfretal infrastructure, and slow
response following the storm’s passage. Thereeasohs from Katrina, as there are
after any major disaster, but cutting back on C@issions to prevent future
hurricane damage is daft.

* There is no clear evidence of expanding desertgpby poor land management
practices. Shifting dunes is natural. The rairddBemi-arid and arid regions often
has decadal to centennial cycles. There is evidgrateNorth Africa and the Middle
East have been drying from a savanna-type clinmaevias more typical 5,000
years ago.

Polar Ice

Al Gore raises the spectre of massive ice shestui#ion from Greenland and Antarctica to
raise sea levels by 10-15 m. There is every retsbalieve that the Greenland and Antarctic
ice sheets are stable despite some peripherahgeitiiow elevations during the brief
summer.

» The Greenland ice sheet has been preserved dpspiieus Interglacials that were
warmer than current temperatures. It has likelyndeeplace for more than a million
years. On the high plateau temperatures are laesitimus 10C even in summer.
Melting around the coastal margins and surgingigta@are not evidence of
instability and there is no evidence of recentdeg@a level rise.

» Arctic sea ice has a natural rhythm of expansiah@mtraction between winter and
summer and year-to-year variations are small inpammon to the annual cycle. It
would require a strong surge of relatively warmevanto the Arctic basin to
prevent the formation of sea ice in the long wintarkness.

» The Antarctic Circumpolar Current driven by the teely winds prevents the
intrusion of warmer subtropical surface water t® Amtarctic coastal margins. In
addition, the wind stress causes upwelling of solo-surface water on the poleward
margin of the current, further isolating the Antazcontinent. There is no
compelling evidence that the Antarctic ice sheetliger than in mass balance.

» Touted warming and ice shelf destruction are mainlyfined to the Antarctic
Peninsula that extends equatorward towards Soutrigey a small fraction of the
total ice mass.

Geosphere and Biosphere responses

Al Gore makes much of a limited number of statsbo species change in response to recent
warming. He then suggests this is happening a¢hessiosphere and extrapolates to
presumptions of species extinction.

* We would expect a change in species populationslatdbutions, reflecting
differing adaptation and mobility characteristizsany climate change.

» The general robustness of species is concludedtfieraurvival from the dramatic
changes that occurred as earth went through glaciaterglacial cycles over the
past million years. This is especially true forsgb@reas of North America and
northern Europe over which the thick ice sheetsiaded and retreated.

» Today's pristine coral reefs were but limeston#<tiuring the last glacial
maximum and have responded to higher sea levelsvarmer tropical waters.



Just as the boreal forests advanced poleward fioltptine retreat of the ice sheets
so too the biosphere flourished. Satellite evidesw#irms the increase in plant
growth over sub-Arctic regions during the past tlecades of increased warmth.
Species are not threatened by the recent globahivgras conditions are not yet as
extreme as the early Holocene. There is no evid#ératgolar bears and emperor
penguins, to name two species quoted as beingémezhwith extinction, will not
survive the current interglacial. After all, theyrgived previous climatic periods
and there is no recent evidence that numbers afimitg.

Many species quoted as being threatened are atsatened by direct human
activities. For example, algae blooms increase iaik-based fertiliser run-off,
sewage discharge and urban stormwater run-off.eThie®ms threaten coastal
ecosystems but are best addressed through localgman@nt measures, not
reduction in CO2 emissions.

‘Collision of Earth and Humanity’

There are many examples offered by Al Gore undsrthieme but they are fear mongering at
its worst and with no foundation in science.

Despite Al Gore’s protestations otherwise, Earttheimonstrated to be capable of
providing food, clothing and housing to the preggftbillion population.

There are regional hardships but these are strassiyciated with recent natural
disasters (eg, drought, flood or earthquake), ltobaeligious warfare, or disease
pandemics. These are not issues to be resolveddaylibnising the economies of
developed countries.

Cities and industrial regions of the developed ¢toes have sensible measures in
place to maintain clean air to a high standard.uReigns and market mechanisms
are in place to discourage or punish real polluterthis sense CO2 is not a
pollutant and is vital to the biosphere.

There is an acknowledged need to better managerces) especially those
becoming limited in availability. Better and morféic@ent utilisation of all
resources, but especially energy, lowers costgpavldngs the lifetime of such
resources.

A green and sustainable future is a common objedihhumankind. The
disagreements surround strategies for achievinghfext — either market-linked
mechanisms or centrally directed government. It mgt be achieved through an
inefficient centrally planned and coercive regutgitenvironment that inhibits
innovation and entrepreneurial initiative.

In Summary

Al Gore has not substantiated a ‘climate crisisised by human activities. The
scientific basis of his claims is specious. Curimhate variations are not outside
the bounds of climate history. Projections of fetalimate are on the basis of
rudimentary computer models that are unable toigradseason ahead.

Weather and climate extremes are dangerous to hineaand improved
knowledge of the climate system is required todsethderstand their occurrence
and severity.



* Weather and climate hazards are mitigated thrownfgastructure planning,
development of emergency response strategiesgdingjaftermath assistance.

» Attempting to change the course of climate, esplgdg reducing carbon dioxide
emissions will not effectively mitigate weather asiunate extremes nor alter the
future direction of climate.

Access to energy and material resources is chargimgw reserves are discovered and
existing reserves depleted. This is reflected inketaprices and substitutions. It would be
grossly inefficient of governments to interferetba basis of the perceived superior
knowledge of bureaucrats and unrepresentative Négp=cially if the interference led to
higher prices for essential commodities and a wadd slowing of development.



INTRODUCTION

century hypothesis of the Swedish Nobel Laureatant® Arrhenius, linking past ice

ages to changing concentrations of carbon dioxidea atmosphere. Discredited
because it is now generally accepted that theaajtfirecurring ice ages of the past million
years are linked to the characteristics of thelEsaaghanging orbit around the Sun.
Nevertheless, before Milankovitch's orbital thedoy the ice ages was widely accepted, the
idea that emissions of carbon dioxide from humadividies could alter the Earth’s radiation
processes and lead to global warming was well bsiteiol.

Global warming is an idea that became a movemengehesis is a discredited laté"19

Research in the 1950s, that showed atmospherioraibxide concentration to be increasing
due to widespread reliance on fossil fuels as angymsource, gave impetus to the human-
caused global warming hypothesis. Analysis of abliles recovered from ice cores drilled
over Greenland suggested that pre-industrial levedgmospheric carbon dioxide varied
between about 180 pgrand 280 ppm as Earth shifted between ice age anthev

interglacial periods, such as now prevailing. Ragdirect analysis of air samples showed
that the concentration increased from 315 ppmeradte 1950s and reached 340 ppm by the
early 1980s. The concentration is now about 400.ppm

The development of numerical weather predictiosgdaon well-known equations for
atmospheric motion, was one of the early applicetior the emerging computer technology
of the 1950s. The computer models developed fotlveedorecasting were adapted for
studying climate processes and one of the firsbs&limate experiments’ was to examine
how the climate system might respond to a changaripon dioxide concentration. These
experiments suggested that the global mean sutdageerature would increase between
1.5°C and 4.5 °C for a doubling of the atmospheric, C@ncentration.

The combination of increasing carbon dioxide cotregion, a ‘scientific’ hypothesis of
enhanced global warming and alarming computer ptiojgs were the ingredients for setting
off what was to become a global movement to coimstossil fuel burning and reduce
emissions of carbon dioxide into the atmospheré.tBriquestion remains, is global warming
a real danger to humanity, or is it what th& £@ntury commentator Charles Mackayight
categorise as just another example of an “extraarglipopular delusion and the madness of
crowds™?

The origins for the groundswell of public inter@sthe global warming scenario was a
United Nations co-sponsored conference held ira®fi] Austria in 1985. The Conference
Statement, drawing on observations, theory and tinoglelaimed that, “As a result of
increasing concentrations of greenhouse gasesojecaibxide and other radiatively active
constituents of the atmosphere] it is now beliethed in the first half of the next century a
rise of global mean temperature could occur wrsctréater than any in man’s history”.

For more than two decades there have been a simtes$sational and international
conferences calling for global action to avertpeeceived threat of global warming. The
United Nations negotiated a Framework ConventioCbmate Change with the objective of
preventing ‘dangerous’ climate change. The Kyototéuol to the Convention puts limits on
the allowable annual emissions of carbon dioxidedrgalled developed countries. Despite



the words spoken and written about the perceivedets, and the expressed good intentions
and tentative agreements for action, global emmssad carbon dioxide continue to increase.

Former US President Al Gore’s 2006 bdakd movie, both titledn Inconvenient Trutthas
again raised the spectre of global warming as lanaat to the annihilation of humanity. Such
a future is claimed to be of our own making. Theaemeveloped countries are credited with
most blame because of their past unconstrainedfusssil fuels. Development is equated
with decadence, and it behoves developed coumtriesange their profligate ways. Al
Gore’s is a call to arms for complementary actigrgbvernments and communities to
address the perceived planetary emergency of giednahing.

According to Al Gore, science and observations eupis view of the coming apocalypse.
Carbon dioxide concentration in the atmospheredeeasing, having reached nearly 380
ppm; the earth is warming, with melting ice sheetd rising sea levels; weather is becoming
more violent and dangerous; and the biospherdfisrgg stress. A planetary emergency is,
therefore, a logical extension of recent climatenge. Dramatic photos and graphics of
glacier retreat and other perceived environmernsalstiers are designed to portray a vision
that the earth is changing as it has never chabgtxe. The Al Gore thesis is that, even now,
climate change is being registered in dangerouspbiere responses that include species loss,
disease spread and landscape destruction.

Even if partially true, Al Gore’s story would benake-up call for concerted action.
Unfortunately, much of Al Gore’s evidence for hiaim lacks credibility when examined
without the emotive baggage of impending disastiame and simplistic political and
technological solutions.

A measure of the superficiality of Al Gore’s messagthat the underlying science of human-
caused global warming is covered in less than 20@is Part of his explanation is to

describe Earth as the “Goldilocks planet” — momeghouse gases than Mars, therefore not as
cold; less greenhouse gases than Venus, therafbesinot. According to this logic, the
thickening of Earth’s atmosphere by ‘huge quargité human-caused carbon dioxide and
other greenhouse gases’ will trap more of the reftaadiation that would otherwise escape

to space. Supposedly it is this retained heatviilbtause the Earth’'s atmosphere and oceans
to get dangerously warmer. If only the climate sgstwere so simple to describe!

Al Gore’s homespun metaphor for human-caused glvbaiing is qualitative and is of itself
not alarming. After all, Earth as we know it is thetcome of more than 4 billion years of
evolution and unremitting change. The biospherayle€h humans are part, is a product of
that evolution. Notably, over the past 100 milliggars the Earth’s evolution has included
significant variations of temperature, and atmosphearbon dioxide concentration has
steadily fallen from about 2,000 ppm. Change isnaaessarily adverse to humanity and the
biosphere, especially when it is recognised thpaegion of human populations is closely
linked to the period of massive global warming asdompanying retreat of land ice that
occurred between about 20,000 years and 10,008 ggar

A key element underpinning the alarmism of humatuaed global warming is the
magnitude of global temperature rise projecteddiguter models. The climate modelling
community claim that the most likely range of glbagerage surface temperature rise, if the
growth of carbon dioxide emissions is allowed seninabated, is between 1.4 and 5.8C by
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the year 2100 It is the wide range of the various model estenaif future global warming
that give us a glimpse of how complex the climgstem really is and how uncertain are the
projections.

As portrayed by Al Gore, the projected temperatise is a collision of Earth and humanity.
The consequent melting of sea and land ice anthgaid sea level, the general heating and
drying of land masses and reduction in availabditgssential water, the more extreme
weather events and their associated destructiahthenmpacts of these on the biosphere and
human life are the essence of Gore’s Armageddon.

Gore is not alone in his thesis of a self-destngchiumanity, although his is a long-held
conviction. He recounts his introduction to gream®theory at college and an earlier book,
Earth in the Balance is testament to his ongoing concerns and adheterihe
environmental cause. Gore’s thesis encompasseis agpresentative of the claims by
environmental activists that human activity is afiag the global climate. The view is that
there is a coming crisis if emissions of carborxidie into the atmosphere are not reigned in.

Over recent decades the human-caused global wadelrate has become ever shriller but
the underlying scientific uncertainties have nagrbeeduced. The Intergovernmental Panel
on Climate Change (IPCC) was established as a Uity en-sponsored by the United

Nations Environment Programme (UNEP) and the Whtddeorological Organization. The
purpose of the IPCC was “to provide an authorigainternational statement of scientific
opinion on climate change”. IPCC issued major assest reports in 1990, 1995 and 2001.
Each report expressed increasing confidence f@naanced greenhouse effect with the latest
report claiming that the warming of the previousyg@ars was likely caused by human
activities. The Fourth Assessment Report is exjgeict€ebruary 2007.

On the basis of the IPCC First Assessment RepgmrtJN members negotiated a Framework
Convention on Climate Change. However the ongoeglgate has become confused because
the UN has defined climate change, for the purposése Convention, as being that change
caused by human activities over and above any aatlimate variability. The UN definition

is at odds with conventional usage where climasngh is any change whether caused by
human activities or as a consequence of naturakgees. The objective of the Convention is
to prevent dangerous (human caused) climate chaligeugh ‘dangerous’ is not defined.
The Kyoto Protocol to the Convention representditeeformal steps to mandating a global
reduction in carbon dioxide emissions for the pagof preventing (human caused)
dangerous climate change, albeit that in its fifgise the limitations only apply to so-called
developed economies.

The effectiveness of the UN objective of limitiremyd ultimately reducing, human-caused
emissions of carbon dioxide rests on the efficadye presumed causal relationship between
atmospheric carbon dioxide concentration and glolralate. IPCC relies on computer
models to demonstrate that there is a credibleataektionship. Al Gore, and fellow
alarmists, take the relationship as gospel and dgom observed trends, particularly over the
past few decades of warming, to project futurestedphe.

Concern, without unambiguous evidence, howeverpisufficient reason for humanity to
discard the fundamental tools of progress. Thespgecially so if the proposed alternative
pathway can only lead to physical hardship, int&llal poverty, and a greater exposure to the
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perils of natural hazards associated with weathdrciimate extremes. After all, it has been
access to energy and the machines of industrhtha alleviated much of the labour from
food production, habitat construction and commelrcéurn, greater discretionary time has
been the basis for free thought and the formulasfdmaginative new systems for progress.
Overall, progress is a measure of community primeedtom social disruption associated with
famine, disease, widespread prolonged sufferingeaed death that are associated with the
various destructive forces of nature.

The purpose of this paper is to examine the séiethiesis that underpins the human-caused
global warming prophecy. The simplistic metaphard eepresentations of the climate system
will be reviewed and the seemingly plausible butialty erroneous projections that are an
outcome will be analysed. Climate has changed @eant times. Al Gore and his ilk have
shamelessly commandeered these changes as evidesugport of their human-caused
global warming hypothesis. In reality these chargyescoincidental. They are neither
unprecedented nor unusual and cannot be relataghtian cause.

The biggest danger to humanity from blindly followyithe human-caused climate change
hypothesis is through misallocating resources aatbpging exposure of societies weakest to
the hazards of weather and climate extremes. Ima¥gtof scarce resources more properly
directed to saving lives and protection of prop@gginst the known range of weather and
climate extremes will be diverted in a quixoticeatpt to avert the chimera of human-caused
climate change.

UNRAVELLING THE GREENHOUSE EFFECT
A false paradigm

ater vapour, carbon dioxide and other so-calledrgreuse gases are important to
the climate system because each is capable ofbstirbing and emitting

radiation in discrete bands of the infrared specttiiat are characteristic of each
gas. In contrast, solid and liquid materials absorh emit infrared radiation from their
surfaces across the full wavelength spectrum. Téerdhouse gases of the atmosphere will
absorb infrared radiation emitted from the Earthugface within their respective bands.
Independently, each greenhouse gas will emit ieffaadiation across its characteristic band
in all directions and with intensity that is proponal to the temperature of the emitting gas.

There is a widely held misconception that the terafuee of the atmosphere is maintained by
the absorption of infrared radiation emitted by Beaeth's surface. For example, Tim Flannery
in his widely publicised booklhe Weather Maketsclaims (p 28):
“More importantly, they [scientists] discovered thather than being the sole agent
responsible for climate change, CO2 acts as a &idgr that potent greenhouse gas,
water vapour. It does this by heating the atmosphest a little, allowing it to take up
and retain more moisture, which then warms the aphere further. So a positive
feedback loop is created, forcing our planet’s teragure to even higher leveld.”

Al Gore also has difficulty in explaining the gréemise effect in terms easily understood by
the layperson but which has scientific integritys ExplanationAn Inconvenient Trutlp
26):
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“Under normal conditions, a portion of the outgoiingrared radiation is naturally
trapped by the atmosphere — and that is a goodjttbecause it keeps the
temperature of the Earth within comfortable bounds. The problem we now face is
that this thin layer of atmosphere is being thicdeiby huge quantities of human-
caused carbon dioxide and other greenhouse gasesasiit thickens it traps a lot of
the infrared radiation that would otherwise escdlpe atmosphere and continue out to
the universe. As a result, the temperature of thi¢hEs atmosphere — and oceans- is
getting dangerously warmer.”

Both of these populist explanations contradictwied-established fact that, because of
decrease of density and temperature with heigatgteenhouse gases of the atmosphere emit
more infrared radiation than they absorb. Thideaicfrom the global energy budget of Kiehl
and Trenberth as quoted in the IPCC’s Third Assessment Rege# Figure 1.2, p 90 and
reproduced in Box 1). The heating of the atmospHayier by absorption of solar radiation

(67 W/nf) and absorption of infrared radiation (350 \i)mre offset by emission of infrared
emission back to the surface (324 i)mnd to space (195 Wfn The net loss of 102 W/m
represents an ongoing tendency for radiation pseseassociated with greenhouse gases to
cool the atmosphere. Increasing the carbon dicoasheentration will not reverse this

tendency for cooling of the atmosphere.

The IPCC Third Assessment Report also has an inle@engxplanation of the greenhouse
effect. The IPCC correctly notes that for a statilmate it is necessary for the net solar
radiation absorbed by the Earth’s climate systemdj] ocean, ice sheets and atmosphere) to
be offset by an equivalent emission of infraredatioin to space. This is no more than an
expression of the conservation of energy. Alsontilagnitude of the emission to space is 235
W/m?, which equates to an average radiating temperéautie climate system of —i0.

The IPCC explanation of the greenhouse effect fslémsvs:
“The atmosphere contains several trace gases whitdorb and emit infrared
radiation. These so-called greenhouse gases abstrdred radiation, emitted by the
Earth’s surface, the atmosphere and clouds, exoeptransparent part of the
spectrum called the “atmospheric window”, as shawifrigure 1.2 [see Box 1]. They
emit in turn infrared radiation in all directionsicluding downward to the Earth’s
surface. Thus greenhouse gases trap heat withiatthesphere. The mechanism is
called the natural greenhouse effect. The net tésain upward transfer of infrared
radiation from warmer levels near the Earth’s swdao colder levels at higher
altitudes. The infrared radiation is effectivelydiated back into space from an
altitude with a temperature of, on average,’@gin balance with the incoming
radiation, whereas the Earth’s surface is kept atach higher temperature of an
average 14C. This effective emission temperature of°€l€orresponds in mid-
latitudes with a height of approximately 5 km. Nibi&t it is essential for the
greenhouse effect that the temperature of the latwaosphere is not constant
(isothermal) but decreases with height.”

A key element that is missing from this explanai®the reason why the surface temperature
is maintained warmer than the atmosphere abovaclamowledged requirement of the IPCC
explanation. Also, the sentencBus greenhouse gases trap heat within the atmospise
clearly wrong because, in the global energy budbetnet upward infrared radiation at the
surface (66 W/ is significantly less than the infrared radiatiorspace at the top of the
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atmosphere (235 W/An There is an increase in net upward infraredatimh with height that
does not accord with ‘trapping of heat’. Also, ek radiation of 324 W/his considerably
less than the surface emission of 390 A& it is clearly not back radiation that is
maintaining the surface temperature. Indeed, tleeroght formation of temperature
inversions in the atmospheric boundary layer argdesice that radiation processes will not of
themselves maintain the decreasing atmosphericaetyse with altitude (ie, a negative
temperature lapse rate).

The sentenceThe net result is an upward transfer of infraredigtion from warmer levels
near the Earth’s surface to colder levels at highkitudes” in the IPCC explanation is also
incorrect. The magnitude of upward directed emissiof infrared radiation decreases from
390 W/m2 at the surface to 235 W/m2 at the tofhefatmosphere, suggesting a convergence
of infrared radiation energy in the atmosphere. idadity is, as the global energy budget
demonstrates, the magnitude of net infrared ramhatirected to space increases with altitude;
it is 66 W/m2 at the surface and increases to 2882\t the top of the atmosphere. This is
not a convergence of infrared radiation in the &phere as IPCC implies but a net loss of
infrared radiation from the atmosphere. Energyeisifp lost from the atmosphere at all
altitudes as we expect.

The inadequacy of the IPCC explanation of the drease effect is carried through to its
explanation for radiative forcing:
“In an equilibrium climate state the average nedli@ion at the top of the atmosphere
is zero. A change in either the solar radiationtloe infrared radiation changes the
net radiation. The corresponding imbalance is @hlleadiative forcing” ...... These
variations may be negative or positive. In eithesethe climate system must react to
restore the balance. A positive radiative forciegds to warm the surface on average,
whereas a negative forcing tends to cool it.”

There are two major unresolved questions in theClRgpothesis for human-caused climate
change.

* Firstly, what maintains the surface temperaturatgrethan -1%C, because it is
clearly not because of radiation processes alodesarertainly not because of an
upward transfer of infrared radiation?

e Secondly, what regulates the relationship betwadrative forcing and surface
temperature change?

For both of these questions, the IPCC relies onpeder model representations of the climate
system to provide the answers. The shift from aonmplete explanation of the greenhouse
effect, essentially based on a one-dimensional@rmmaan global average representation of
the climate system’s energy budget, to a three+dém@al time varying representation of
interacting fluids requires a giant leap of faitithe efficacy of formulation of computer
models. The IPCC contends that such a shift ioredde because the specifications of the
processes of the climate system are adequatehamhsuing representation of climate by the
computer models is realistic. Faith in the computedels underpins the IPCC claim that the
radiative forcing by human-caused carbon dioxid® @ther greenhouse gas emissions is
translated to realistic warming of the Earth’s auef temperature. This faith is misplaced.
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THE GLOBAL ENERGY BUDGET
Source: Kiehl and Trenberth, 199

THE GREENHOUSE EFFECT

The Earth’s greenhouse effect arises because aftdmplay of energy transfer processes that, mhination,
raise the temperature of the surface above theteffeemission temperature required for radiation
equilibrium.

1. The emission of infrared radiation by greenhousegaclouds and aerosols elevates the Earth'dieffec
emission layer from the surface to the atmosptedseut 5 km) but the effective emission temperature
(about —18C) is not changed. [IPCC TAR 1.2.1 p90Q].

2. Greenhouse gases, clouds and aerosols emit 102 Mére radiation energy than they absorb and the
radiation deficit acts to cool the atmosphere.

3. At the surface there is a net radiation gain of W& because the absorbed solar radiation exceeds t
net infrared radiation loss and this radiation gpexcess tends to warm the surface.

4. Overall, radiation processes cause an energy digcb@s the surface tends to warm through net
accumulation of radiation energy and the atmospteerds to cool because of net loss of radiationggne

5. Surface temperature regulates the transfer of griezm the surface to the atmospheric boundaryrlaye
conduction and evaporation. Evaporation increagpsoaimately exponentially with temperature
increase.

6. Convective overturning distributes heat and laterdrgy from the boundary layer through the atmasph
to offset the net radiation loss from greenhousesgaclouds and aerosols (Riehl and Malkus, 1958).

7. Convective overturning requires buoyant saturasegrat in the updraughts of deep convection clonds
the temperature decrease with altitude in the aziiwesupdraughts (about 8G per km in the lower
atmosphere) regulates the rate of temperature ateereith altitude of the atmosphere.

8. The extent of warming of the Earth’s surface abttreceffective emission temperature (the greenhouse
effect) is regulated by the height of the effecéwmission layer in the atmosphere and the temperatu
change with height generated by convective oveirigrn

Note. Most of the absorption of solar radiatioketplace over the tropics but infrared emissiaat il
latitudes. As a consequence, it is the atmosplogadurning associated with the deep convectionddaf
the equatorial trough and the tropical Hadley Cibid& primarily determine the warmest temperatofdhe
Earth’s surface. Excess energy of the tropicsaissjported to middle and high latitudes by the apesc
circulation and it is the atmospheric transport &eps surface temperatures over middle and highdes
warmer than they would be due to local radiatiarcesses alone.

net

[9)
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One of the reasons that the greenhouse debatailestb converge on a consensus view is
that different simplistic metaphors are used inligutiscussion to explain the greenhouse
effect and these give only partial descriptionsvbét is a complex system. The IPCC one-
dimensional construct is seemingly plausible bueither explains what maintains the lapse
rate of temperature in the atmosphere nor its niagei Further, it is erroneous to suggest, as
some commentators do, that radiation warms the sgheve directly; and it is also erroneous
to suggest, as Al Gore does, that it is the baltkred radiation emitted by the greenhouse
gases that warms the surface.

The emphasis in public discussion is mostly on gii&m of infrared radiation by the
greenhouse gases in the atmosphere and this ebthé false paradigm. Fundamentally, it is
the emission of infrared radiation by the greenkagases that is important to the greenhouse
effect, not the absorption. As a consequence oétiesion that tends to cool the atmosphere,
the source of the emission to space is shifted ftentarth’s surface (in the case of no
greenhouse gases) to the atmosphere (when greengiasess are present). It is the elevation
of the height of the effective emission layer thstiablishes the conditions for a greenhouse
effect. But still the explanation of the greenhoaffect is not complete.

The simplistic explanations for the greenhousecetteat are promulgated for public use are
incomplete, and thus flawed. They are no basipfojecting substantial surface warming
(dangerous climate change) with increases of cadiimade concentration in the atmosphere.
They are certainly no basis for rationalising tlgmgicant surface temperature increase
projected from computer models.

At face value these simplistic but erroneous exgtians give us no clue as to whether
increasing carbon dioxide concentration in the &here will, at one extreme, have no
identifiable impact or, at the other extreme, leadunaway global warming. It is the spectre
of the latter, fuelled by alarmist rhetoric suclpasmulgated by Al Gore, which drives the
anthropogenic global warming and dangerous climatange debate.

Solar heating of the Earth’s surface

It is important at the outset to recognise a funelaial inadequacy of the one-dimensional
representation of the climate system (as in BoxSa)ar energy is not distributed uniformly
over the Earth’s surface. On an annual averags basidaily amount of solar radiation varies
with latitude and more is absorbed over the trothies over polar regions. Over the tropics
absorbed solar radiation exceeds the amount @redrradiation emitted to space. Over polar
regions the infrared radiation emitted to spaceess the amount of solar radiation absorbed.
As a consequence, the energy balance of the Eamtbrdy be maintained by ongoing
transport of energy from the tropics to the poéaions.

The transport of excess energy from the tropidkegolar regions is by the atmospheric and
ocean circulations. Export of energy means thati¢ed surface temperatures are cooler than
local radiation processes would suggest. In contsasface temperatures over polar regions
are warmer than local radiation processes wouldessig The notion that it is possible to
calculate local surface temperature on the assomgiiat there is radiation balance at the top
of the atmosphere is fatally flawed.
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The temperature differences between the equatothenpoles drives the atmospheric and
ocean fluids and their respective circulationscanetinually transporting energy in an attempt
to achieve global radiation balance. The fluid mmogi and energy transports are further
complicated by the annual cycle of solar heatirige &quator to pole temperature gradient,
and the ensuing poleward transport of energy, sdr@&ween winter and summer as
maximum solar heating shifts between the hemisghere

The rate of poleward transport of energy is aaaitfactor in regulating polar temperatures. A
sustained reduction in poleward energy transpdicause a fall in polar temperatures;
acceleration will result in rising polar temperasir

An analysis of the rates of transport by Trenbartth Carofquantified the magnitude and
annual cycle of transport in each hemisphere. Tiigoas estimate that between 85 percent
(Northern Hemisphere) and 90 percent (Southern Bigimere) of the transport is by the
atmospheric circulation and the remainder is byoitean circulations. The atmosphere and
the oceans are fluids that interact through excésieg momentum, moisture and heat at the
sea-air interface and whose circulations vary moeakly with changes to the equator to pole
temperature gradient. There is, therefore, no éagien that the partitioning of energy
transport between the atmosphere and the ocearewilin constant with time. Year to year
fluctuations in the poleward energy transport bgheaf the fluids is to be expected.
Variations of middle and high latitude temperatuyesnulti-year cycles are consistent with
variations in the rate of energy transport, esplgdiaose due to changes in partitioning
between the fluids.

The nature of the Earth’s surface, whether it Ibd lar ocean, is also critical to how surface
temperature responds to solar heating. Land swiseee a low capacity to store heat because
soils generally have a low heat conductance argsbsehheating only penetrates the upper
few metres of the surface layer. Consequently, Eréaces tend to warm rapidly with
seasonal solar heating and correspondingly enmdried radiation at a high intensity; they

also cool quickly because of the low capacity tresheat.

In contrast, solar radiation penetrates and isrélesiothrough tens of metres of the surface
layer of the oceans. Mixing of the ocean surfagerdy winds disperses the absorbed solar
energy through the ocean surface layer to a ddpttaay tens of metres. The mixed layer of
the ocean surface acts as a very effective enesgyvoir, accumulating heat during summer
and losing it through surface exchange of heati@edt energy during winter. The ocean
energy reservoir is particularly important becaofsthe ability to return heat to the
atmosphere during winter and moderate overlyingdowinstream atmospheric temperatures
of middle and high latitudes.

The partitioning of surface-atmosphere energy exgédetween conduction and evaporation
has important ramifications for establishing anildgrium surface temperature over the
tropics. As Priestley identified in 1986surface temperatures are constrained over well-
watered surfaces because of the cooling effectag@ranspiration. In his study of
worldwide land based climate data, Priestley idieatia limiting upper temperature of
between 3% and 34C over well-watered land surfaces. As a commeigsiey also noted
that, for the same reasons, an upper temperatoiteoli about 36C is to be expected for the
world’s oceans. This is an important issue in thietext of a constraint on human-caused
global warming and will be discussed further.
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Oceans cover approximately 70 percent of the Eastihiface and tropical surface
temperatures are tightly constrained by the thegmauohics associated with the hydrological
cycle and convective overturning. The sensitivityropical surface temperatures to
increasing carbon dioxide concentration will beutated by the rates at which surface energy
is lost by conduction, evaporation and radiatiome Tate of loss associated with each process
varies with surface temperature, especially evdpordoss that approximately doubles with
each 10 degrees C temperature increase. It iothbined increase in these components that
will offset any increase in downward infrared raidia due to an increased concentration of
carbon dioxide. Over the tropics, particularlyeria surface temperature is constrained by the
rapid rate of increase in latent energy loss assertemperature increases.

The climate system cannot be treated as a trudylgtstate system because of the annual
pattern of solar heating and the partitioning cérgly transport between the oceans and
atmosphere. At any time the global radiation budgay have an excess absorption of solar
radiation or an excess emission of infrared raoimatit is the fluid characteristics of the
oceans and atmosphere and their interactions tdhe basis for internal variability of the
climate system that causes interannual and longettidn fluctuations of surface
temperatures over middle and high latitudes. Therabvariability will tend to mask small
very long duration trends.

The role of convection

In the IPCC explanation of the greenhouse effeetis concluded that absorption of solar
radiation tends to warm the Earth’s surface andasstof radiation tends to cool the
atmosphere. The global energy budget identifiestiigaenergy exchanged between the
surface and the atmospheric boundary layer by attiwduof heat (24 W/R) and evaporation
of water both (78 W/A) offsets the net radiation heating (solar absorpléss net infrared
emission) at the surface. The surface exchangleassufficient in magnitude to offset the net
radiation loss (102 W/fof the atmosphere. What the budget and IPCC’stcaat of the
energy processes do not explain are how the etaigg exchanged is distributed through
the atmosphere and the processes and control$heveate of energy exchange across the
surface-atmosphere interface.

Turbulent mixing will not distribute energy througie atmosphere from the boundary layer
because total energy (the sum of heat and potemealyy) increases with altitude. Energy
does not mix up the gradient. Wind turbulence amgdr scale vertical motions associated
with weather systems will mix energy down the tetaérgy gradient from high in the
atmosphere to the surface.

In a seminal 1958 paper, Herbert Riehl and Joaimgs®n (nee Malkus) described the

role of deep convection clouds for transportingrgndrom the equatorial boundary layer and
making the energy available through the troposptwecdfset radiation loss. The deep
convection clouds of the equatorial trough arerdegral part of the tropical Hadley Cell
circulations and provide protected pathways foryaumb ascent of boundary layer air to the
high troposphere.

Within the convection clouds, the heat and lateetrgy of the boundary layer mass is
transformed to potential energy as the air risexy/éntly to the high troposphere. As the air
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rises it cools and becomes saturated. Condens&lesses latent energy giving the ascending
air buoyancy. At the top of the cloud the updrawahspreads horizontally because it no
longer has buoyancy, as it is dry and cold. Thepenature and water vapour concentration is
similar to the surrounding cloud.

Subsidence of the air surrounding the convectionds is essential for mass balance and
compensation for the air ascending buoyantly inugp@raughts. In the subsiding air, potential
energy is converted to heat as the unsaturatedaas sinks to lower height. It is the heating
of descending air that provides the energy to bffge net infrared radiation loss of the
atmosphere and is also a source of heat for trangpmiddle and high latitudes.

An important characteristic of the mass overturrohthe tropical atmosphere (the Hadley
Cells) is that the buoyancy forces in the protecgedraughts of the convection clouds do
work to overcome the natural stratification of gimosphere. The need for buoyancy means
that the air in the updraughts is always warmen the air surrounding the cloud at the same
level. Also, the rate of temperature decrease gight of the surrounding air is similar to
that in the ascending air of the protected buoyadraughts. The rate of decrease of
temperature with height of ascending air in thevection clouds is well established from
thermodynamics (known as the moist adiabatic lagtg and is approximately —6&km in
the lower and middle troposphere. In the colderduner upper tropical troposphere the moist
adiabatic lapse rate approaches that of the dapatic lapse of —£&/km.

Active convection only occupies a small fractiortlug tropical area but the associated moist
adiabatic lapse rate is characteristic of the entopical atmosphere. This is because the
tropical atmosphere is barotropic and surfacesnéily and pressure tend to coincide. As a
consequence, the tropical atmosphere is charaateig very weak horizontal temperature
gradients and generally reflects the temperatuaagd with height of the moist adiabatic
lapse rate developed in the buoyant updraughteep donvection.

The rate of temperature decrease with height irtrtipgcal atmosphere is a direct outcome of
the convective overturning that distributes heat moisture from the boundary layer.
Ongoing tropical convection will maintain the atrpberic temperature decrease with height
at approximately the moist adiabatic lapse rate.

In 2004, Trenberth and Steparfiaélescribed the seamless transport of excess raliati
energy from the tropics to polar regions by thertwraing Hadley Cells of the tropics and the
Rossby Waves of middle and high latitudes. The &ladlell overturning region
approximately equates with the tropical area cdustddiation excess and the regions of
Rossby Waves approximately equates with the regibegcess infrared radiation to space.
In broad terms:

* tropical surface winds accumulate heat and lateeitgy in the boundary layer as
they move toward the equator;

* heat and latent energy are converted to potenieigy in the deep equatorial
convective clouds;

* air flows poleward in the high troposphere andt asbsides, potential energy is
converted to heat;

* the Rossby Waves and weather systems transpogskeat poleward from the
subtropics; and
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* the heat being generated by subsidence is avatialoiset infrared radiation loss
of the troposphere, both in the tropics and ovdarp@gions.

The hydrological cycle traces the progress of wa@iour between the surface and the
atmosphere and its return as precipitation. Evajporand the formation of water vapour
extracts latent energy from the surface; the wadeour is entrained into buoyant convection
where it cools and condenses during ascent. Latesrgy is released to aid buoyancy as
vapour is condensed to the liquid (rain) or sodidofnv/hail) phase in the ascending air. The
potential energy of the air increases during bubganent. Ultimately, the potential energy is
available as heat in the compensating mass suleside offsets infrared radiation loss by
the greenhouse gases.

Radiation, convection and the greenhouse effect

Understanding radiation processes in isolatiorotssafficient to explain the elevated
temperature of the Earth’s surface (the greenhefiset). As has already been noted, solar
radiation tends to warm the surface and infrareliateon tends to cool the atmosphere.
Convection is necessary to distribute energy thndbg atmosphere from the boundary layer.
It is the combination of radiation and convectibattconstitutes the greenhouse effect and
keeps the surface warmer than the upper troposphere

In the absence of greenhouse gases infrared i@diatispace would emanate from the
surface. The global radiation balance would berdeteed at the Earth’s surface and the
surface temperature would be, on average, abod€-19

When greenhouse gases, clouds and aerosols aeatpirethe atmosphere then infrared
radiation to space emanates from a layer abovsutiace. For global radiation balance, the
infrared radiation to space must still be equivairnntensity to the net solar radiation being
absorbed within the climate system. That is, tlebdgl average temperature of the emitting
layer must still be about —3®. The effect of the greenhouse gases, cloudsemdals is to
physically separate the region of the climate systdere solar radiation is being absorbed
(the surface) from the layer in the atmosphere e/drared radiation to space is emanating.
It is convection that transfers energy from thdese to the atmosphere and maintains the
effective radiating temperature of the atmospherel #C, the radiation equilibrium
temperature of the climate system.

Buoyant convection requires a temperature decnwtiséheight in the lower atmosphere of at
least 6.8C/km. According to the IPCC, the altitude of thelgal average effective emission
level of infrared radiation to space emanates feomaltitude of approximately 5 km. The
height of the emission level and the required lapse for convection parameters define that
the surface temperature is about 32.5 degrees @avahan that of the effective emission
layer (-19C). That is, the combination of radiation and caniean processes suggest a global
average surface temperature of about’3.5ery close to the estimated global average
surface temperature of about’C4

The radiation-convection construct is a more cotepgb@radigm for the greenhouse effect. It
infers that an increase in the concentration ofddrtiie constituent greenhouse gases would
lift the emitting layer to a higher colder altitude order to restore the global radiation

balance it is necessary to restore the temperafuhe emission layer. However, warming the
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BOX 2

HCEP /NGAR Reonalysis
aLR (W /me2) Cimatology 1988—1988
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Spatial Variations of Infrared Emission to Space
1. Maximum emission emanates from the regions of dbgiling air over the subtropics.

Ocean.

substantially lower emission than the Antarctic.

(Source: NOAA-CIRES Climate Diagnostic Center basedNCEP/NCAR Reanalysis

2. Areas of reduced equatorial emission correspomddiation from the cold tops of deep convection
clouds that regularly occur over Central Africag #imazon Basin of South America and the maritime
region extending from the Indian Ocean, throughltkdenesian Archipelago, and to the western Pac|

3. The regions with lowest emission correspond tactilé polar regions, with the Arctic having

f

emission layer requires a warming of the surfaogerature and that of the troposphere in

order to maintain convective overturning. Thainsreasing the concentration of greenhouse

C

gases leads to global warming. The radiation-caimeconstruct is qualitatively correct but

still deficient because Earth’s climate cannotreated rationally as a one-dimensional

system.

The effective radiating temperature of the Earthegsignificantly with location and a global

average value is not representative of charadteregional processes (see Box 2). For
example, across the major regions of subtropidagisience, where the air is generally warm

and dry, the effective emission temperature is 8b8IC (290 W/nf) and the emitting layer
is low in the atmosphere. Across equatorial regmirdeep tropical convection the emitting
layer is controlled largely by the high cloud t@psl is of the order of —26 to —30C (215-

200 Wi/nf). The effective radiating temperature of the quddar regions varies from —32
(190 W/nf) across the Southern Hemisphere to®’€3@80 W/nf) across the Northern

Hemisphere.
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The concept of a global average fails to captuealifiering regional processes. In particular,
deep convection, the primary process for transfgreinergy from the Earth’'s surface and
which determines a local temperature decreaseheitiht in the atmosphere, is confined to a
limited region of the tropics. However the tropiesthosphere is barotropic such that density
and pressure surfaces are forced by thermodynasngiderations to be approximately
coincident. The vertical temperature distributibattevolves in the regions of deep equatorial
convection will be reflected across the tropicat@sphere, covering nearly half of the Earth’'s
surface.

Over the middle and high latitudes the surfaceatntbsphere lose energy through radiation
processes. Temperatures over these regions atdatezylargely by the poleward transport of
energy by the atmospheric circulation and tempeegatare warmer than they would
otherwise be by local radiation processes alone.

Carbon dioxide as a greenhouse gas

Al Gore makes the statement that carbon dioxidlesisnost important greenhouse gas and
that, as a result of human activities, the conegiotn in the atmosphere has increased. Almost
as an afterthought he mentions water vapour asuaahgreenhouse gas whose ‘volume’
increases with temperature and magnifies the edfieall ‘artificial’ greenhouse gases.

Carbon dioxide has a very important role in lifeEarth. The process of photosynthesis is the
conversion of carbon dioxide and water, in the gmes of light and nutrients, to form plant
material and oxygen. Carbon dioxide is requiredgfmwth of land and marine plants.

Without carbon dioxide in the atmosphere and digsbin the oceans there would be no life
on Earth as we know i€Carbon dioxide is not a pollutant but is essentialife.

Life on Earth evolved over hundreds of millionsyefirs and during most of that time carbon
dioxide concentrations in the atmosphere were @@8gpm, nearly ten times current values.
The extensive coalfields that are the basis of nmi¢cbday’s fossil fuel resources were laid
down during these earlier times of high carbon idiexconcentration and plant growth. Many
plants, which evolved during the earlier timespoesl positively to an increase in carbon
dioxide concentration. It is common to artificiatphance the carbon dioxide concentration
of enclosed glass houses to promote growth ofdwditdiral plants. An increase in carbon
dioxide concentration of the atmosphere is likelypé beneficial for food production.

The reality is that water vapour and clouds doneithé Earth’s greenhouse effect, not carbon
dioxide. The low values of infrared radiation t@sp over the equatorial regions of deep
convection are due to the high cloud tops and thezly low temperatures (see Box 2). In
those tropical regions where subsiding unsaturaitepredominates and where clouds are
absent or whose tops only reach low altitudes, ssdie eastern Pacific Ocean, the effective
emission layer is from much lower in the atmosplare total infrared radiation to space is
higher.

Even in cloud-free areas it is water vapour thahitates the radiative forcing. Calculations
using an accurate radiation transfer model (MODTRAiNailable on-line from the
University of Chicagbg) shows that, for a US Standard Atmosphere prafifeared radiation
to space decreases by 50.5 W/m2 when a standastiureoprofile is added and carbon
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BOX 3
INFRARED RADIATION TO SPACE
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(Outgoing infrared radiation at 70 km altitude cddted for the US Standard Atmosphere using
MODTRANS radiation transfer model of the UniversitiyChicago -
http://geosci.uchicago.edu/~archer/cgimodels/raidiat form.htm)j

The radiative forcing effect of carbon dioxide (CO2 is near saturated

Radiative forcing is the reduction of infrared tn to space due to changing concentration of
greenhouse gases. (These calculations use thedd8asd Atmosphere clear sky vertical profile and
differ slightly from IPCC estimates based on gladatrage vertical profiles.)

The radiative forcing due to carbon dioxide is étgfor the first 50 ppm (19.2 Wn For each doubling
of concentration thereafter the increase in ragidbrcing is only about 3 W/m

The radiative forcing of the climate due to inceshsarbon dioxide from the last glacial maximunagne
200 ppm) to present values (near 400 ppm) is dndy3 W/ni. Nearly 40 percent of the forcing has
been since industrialisation. A doubling of theboar dioxide concentration from present day valoes t
800 ppm will only increase the radiative forcingdfurther 3 W/

Water vapour is the dominant greenhouse gas thritigghrange of carbon dioxide concentration and h
a radiative forcing component of about 45 \&/more than double the forcing due to the introidmcof
carbon dioxide into the atmosphere.

the

dioxide is absent (see Box 3). By comparison, wtheratmosphere is held dry and current
carbon dioxide concentrations are added the restuigionly 33.2 W/rh Of the reduction

attributed to carbon dioxide, 23.2 Wimvas due to the first 50 ppm added.

The Table and graphs at Box 3 show clearly thatal@tive forcing effect of carbon dioxide

is effectively exhausted after the first 50 ppmteAthe initial infrared reduction of the fi

rst

50 ppm of gas there is only a small incrementalicédn for each doubling of concentration.
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From concentrations of carbon dioxide at the tihthe last glacial maximum (about 200
ppm) to the present (about 400 ppm) the calculegddction in infrared radiation to space, or
radiative forcing, has only been about 3 \i/iearly 40 percent of this forcing is due to the
increase in carbon dioxide concentration during2®fecentury. Even with a doubling of
carbon dioxide concentration from current value8a0 ppm the radiative forcing will still
only be increased by a further 3 Wim

The reasons that a further increase of carbonaiosoncentration has little additional effect
on infrared radiation to space are twofold; carbimxide is well mixed through the
atmosphere, and the gas is radiatively active (hlggorptivity and emissivity) in its
characteristic wavelength bands. As a consequandggse wavelengths the effective
emission height for radiation to space is highhm atmosphere. At a concentration of 50 ppm
the effective emission layer for the carbon dioxidads is already in the stratosphere, where
temperature changes little with height.

Satellite derived emission spectra of outgoing Veage radiation show that the effective
emission temperature in the carbon dioxide bandenerally about -52, a temperature
characteristic of the stratosphere and in agreemigimtcalculations. Adding more carbon
dioxide to the atmosphere will elevate the heidtihe effective emission layer but will not
appreciably change the effective emission temperafAs a consequence there will be little
change in outgoing infrared radiation, or radiafimecing, relevant to the active bands when
carbon dioxide concentration is increased.

In the context of temporally and spatially varyingter vapour and cloud distributions, with
their large impact on infrared emission to spalee,impact on infrared radiation of small
changes in carbon dioxide is relatively small. T8nigall impact may prove significant in a
linear process where cloud and water vapour digiobs were fixed and the carbon dioxide
effect was additive. In reality, clouds and watapaur are highly variable and their radiation
variations are likely to overwhelm any small imp&oim an increase in carbon dioxide
concentration.

The magnitude of human-caused global warming

A minimalist but still realistic construct of théirnate system recognises that there are
differences in net radiation between the tropias thie poles and that convection and the
atmospheric circulations are essential for achgglobal radiation balance. The absorption
of solar radiation, mainly over the tropical sudagis the source of energy for the simple heat
engine that is the climate system. The energy sinkshe greenhouse gases, clouds and
aerosols of the atmosphere and the high latitudac®s that are net emitters of infrared
radiation to space. The atmospheric circulatiospeeially Hadley Cell convective

overturning of the tropics, Rossby Waves and weastems, distribute excess energy from
the tropical surface energy source to the atmosphead high latitude energy sinks.
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Box 4
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Surface temperature increase is amplified in the uper atmosphere

Temperature and water vapour profiles in the atimaispcan be plotted on the Skew-T Log-P or

Aerological Diagram.

1. The y-axis depicts atmospheric pressure (LHS)amdsrd height (RHS).

2. Temperature isotherm®Q) are the straight red lines leaning right frortieal and water vapour
concentration (g/Kg) are the green dotted lines kganing right from vertical.

3. The psuedoadiabats (the temperature and water vapooentration profile of saturated air
ascending in the buoyant updraughts of convecliamds that define the moist adiabatic lapse rat
are the solid green lines curving upward from righleft.

4. The dry adiabats (the temperature profile of unsséd air ascending or descending in the
atmosphere) are the solid red lines curving upviranh right to left.

Deep convection clouds cause atmospheric overtgiinithe tropics and distribute heat and latentgne
from the surface through the atmosphere. The remént of buoyant ascent and the barotropic nafure
the tropical atmosphere cause the temperatureasecwth height in the tropics to approximate a
psuedoadiabat characteristic of the temperatuteedEarth’s surface.

The temperature difference between psuedoadiabatsases with height such that by 400 mb (24,00
or 7,200 m) the sea level temperature different@d®n psuedoadiabats has doubled; near the ttye of
tropical troposphere at 200 mb (40,000 ft or 12,00Qhe difference has trebled.

A temperature increase dfcl temperature at the surface in the region of adtispical convection is
amplified to an increase of between 2 af@ & the upper troposphere.

The corollary is that an increase in the upperdspbere temperature diQ can be achieved by a
temperature increase at the equatorial surfacetefden 0.3C and 0.5C.
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The rate of distribution of boundary layer heat &tdnt energy to the atmosphere accounts
for a large fraction of the global emission of ared radiation energy to space. Any change in
the infrared radiation loss to space through chramthe concentration of greenhouse gases
will be reflected as a change in the convectivertovaing in the tropics.

The ‘radiative forcing’ that results from increagitihe concentration of atmospheric carbon
dioxide affects the energy budget in a set sequiratean be used to evaluate the likely
surface temperature response.

* The reduction in the rate of emission of infraradiation from the atmosphere to
space causes a reduction in net cooling of thedabptmosphere, and thus a
tendency for its stabilisation.

* The stabilisation of the atmosphere inhibits cotiveamverturning and reduces the
rate of energy transfer from the boundary laygh&atmosphere.

* The reduction in convective energy transfer caasesccumulation of energy in the
boundary layer and inhibits conduction and evapmmetom the surface.

* Solar energy accumulates at the surface and tfecsuiends to warm.

* The warmer surface temperature increases theshtemduction and evaporation,
which raises the temperature and energy of the githesic boundary layer and, as a
conseqguence, enhances convective overturning.

* The higher temperature and moisture of the bounidger means that the
updraught is at a warmer psuedoadiabat (see Bardipuoyancy is maintained in a
warmer tropical atmosphere.

* Infrared radiation loss to space is restored froenvvarmer atmosphere that is
maintained by convective overturning from the warsweface and a new energy
balance is achieved.

IPCC calculates the 'radiative forcing', or redarcin infrared emission to space, resulting
from doubling of atmospheric carbon dioxide concatidns above pre-industrial levels, to be
about 4 W/r. At the average effective emission temperatuth@Earth (-18C) a reduction

of 4 W/nf in the infrared radiation emanating from the trspieere translates to a reduction in
the earth's effective emission temperature of ab¥titA rise in temperature ofC in the
middle to high troposphere (the effective emissayer of infrared radiation to space) is
necessary to restore the infrared radiation toespad offset the impact from doubling the
carbon dioxide concentration.

A characteristic of the moist adiabatic temperalapse rate (the rate of temperature decrease
with height of air ascending buoyantly in conventaouds) is the amplification of actual
temperature difference with height between adialfdiat is, as the surface temperature rises,
the rise in temperature in the high troposphesariplified by approximately 2 to 3 times (see
Box 4). A temperature increase of betweerl®.8nd 0.8C at the surface is all that is

required to achieve a rise in temperature®@f ih the high troposphere (the necessary
compensation for the ‘radiative forcing’ from a tding of carbon dioxide concentration).

The changes to the temperature at the surfaceoaret troposphere that are necessary to
compensate for radiative forcing will be also caashange in the surface energy budget. A
warmer atmosphere with constant relative humidityincrease the downward infrared
radiation at the surface. It is the increased lvadiation from the atmosphere that provides
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the energy necessary to offset the enhanced caoduevaporation and infrared emission at
the warmer surface temperature.

Overall, the direct impact from a doubling of atileric carbon dioxide concentration above
pre-industrial levels will have a relatively smiatipact on global temperature, and
significantly less than°C. Over middle and high latitudes, where excessiafl radiation to
space prevails, any additional increase in the &atpre of the troposphere by ‘radiative
forcing’ is constrained by the ability of the atrpberic circulation to transport additional
energy from the tropics.

Climate feedbacks

The structure of computer models of the climateesysor General Circulation Models
(GCM) has changed significantly since the earlysgikpents of the 1970s. The early models
were equilibrium models, where the response waslbeage of the ‘experimental’ simulation
with imposed forcing from the ‘control’ without foing. Also, these early models had no
ocean circulation. The computer models have pregeto represent interacting ocean and
atmosphere circulations, land surface processegarsheet growth and decay. The forcing
of the computer model is applied as a growth flomctind the response is the change in the
‘experimental’ simulation from the initial climastate.

It is not possible to directly compare early prajes of climate change made using
equilibrium models with current projections usingaels that evolve under changing forcing
functions, except in general terms. The currentet®odepend on the time dependence of the
growth in forcing, a factor which relates back stireates of future global fossil fuel usage.
Notwithstanding, there is a general similaritylie earlier estimates of a 1Gto 4.5C from

a doubling of carbon dioxide concentration anddineent estimates of 1@ to 5.8C by

2100. Each represents a significant amplificatiomfthe 0.3C to 0.5C from the direct
radiative forcing from a doubling of carbon dioxidencentration.

The rationalisation by the IPCC for these enharsssditivities is that processes of the
climate system (‘positive feedbacks’) act to anygiife direct radiative forcing due to carbon
dioxide. The proposed amplification methods areotiypses and not backed by observation.

One mechanism proposed for enhancing the climausitsaty to radiation forcing by carbon
dioxide is through the role of clouds. In this smen the effect of global warming is to
decrease the global cloud amount. The climate systeéhen able to more efficiently emit
infrared radiation to space and tend to cool thehE# is suggested that this cooling effect is
more than offset by the increased absorption @frsaliation because the amount of
reflected radiation from cloud tops would be dirsired. This hypothesis depends on whether
there are more or less clouds at low, middle agd hititudes because clouds at different
altitudes have different reflectance and impadindnrared radiation transfer. Such an
hypothesis is also confounded if there is a chamgfee geographical distribution — tropical
latitudes will be more sensitive to changing absorpof solar radiation through changing
cloud patterns. Early satellite measurements fieerHarth Radiation Budget Experiment did
identify an in crease in infrared radiation to spawer the past two decades, at least over
tropical latitude¥’. More recent evaluations of the data are morevegal.
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Y GMS-5 OLR
(DOUTC, 01 July 2001) {;ﬁmﬂ

Radiation to space varies in time and space

The colour image represents emission of infrarddation to space as measured by the Japanese
geostationary satellite GMS-5. The blue shadingd@r emission intensities representing infrared
emanating from cloud tops in the higher colder aiphere. The red shadings represent high emission
intensities emanating from the lower warmer atmespland generally cloud-free regions.

The same cloud patterns regulate the amount af smdéation that reaches the Earth’s surface.

The patterns of cloud heights and forms are cotigtahnanging as weather systems develop, movejsifie
or dissipate. For convection clouds, the lifetimeomparable to the frequency of satellite obs@na.

Because of the constantly changing cloud pattérsgifficult to measure and assess emitted ietar
radiation and reflected solar radiation, and tkiaifation with time, to a high degree of precision.
Consequently it is not possible to draw conclusinsut overall trends in radiation and cloud
characteristics. Nor is it possible to draw conidns about potential cloud feedbacks from anthrepag
global warming.
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It has also been proposed that a warmer atmospliélee capable of sustaining a higher
water vapour concentration. Water vapour is a pwgreenhouse gas and the hypothesis is
that an increased concentration could be expeotegiriforce and amplify the forcing effect

of increased carbon dioxide concentration. Thisiargnt has superficial appeal because, as
previously noted, saturation vapour pressure oémiatreases approximately at an
exponential rate with increase of temperature.lf8atebservations support the view that the
increase in atmospheric water vapour concentrat@n the past two decades is consistent
with relative humidity remaining constahtThere is, therefore, potential for significant
increase in the global water vapour concentrati@hamplification of the carbon dioxide
forcing signal as the global temperature increases.

Notwithstanding the superficial appeal of the watpour feedback hypothesis, it is difficult
to assess the magnitude of water vapour amplifinalue to radiative forcing from an
increase of carbon dioxide concentration. Wateouapunlike carbon dioxide, is not well
mixed through the atmosphere but is constrainedeidowest layers. This is because
saturation vapour pressure, and the capacity abdiold water vapour, decreases near
exponentially with temperature. The temperaturthefatmosphere decreases with height and
any increase in atmospheric water vapour will lbgdly in the lower warmer layers.

It has already been noted that the greenhouse effetes about because the effective
infrared emission layer is lifted to a higher altie as the concentration of radiating gases
increases. In the case of carbon dioxide the gasliamixed through the atmosphere and the
effective emission altitude is raised as the cotmedéion of the gas increases. In contrast,
water vapour, as noted, is primarily confined ® wWarmer temperatures of the lower
atmosphere. A warming of the atmosphere (at constative humidity) will ensure that

there is more water vapour held in the atmosphetéhe depth of the water vapour layer, and
the effective emission altitude, are constrainedhleyrapid decrease in water vapour
concentration with temperature.

Water vapour does act to amplify the radiative iftg@f carbon dioxide but the amplification
is not as great as computer models suggest. The NRADIS3 calculations for emission to
space from a cloudless tropical atmosphere prodwedue of 287.8 W/fmat 70 km. If the
surface and lower troposphere temperatures areased by 13T to shift the atmospheric
temperature profile, and water vapour concentragidreld constant, then the infrared
emission to space increases to 291.5 W/m2. If sheutation is repeated with constant
relative humidity (in conformity with the radiatideaedback hypothesis) the infrared radiation
to space only increases to 290.0 W/m2. In thesmulzdions the optical depth of the water
vapour increased by 6 percent as a consequenbe oidreased temperature and constant
relative humidity.

Calculations such as these can only give approxiitat order effects. They do confirm that
the increase in surface and tropospheric temperatilirtend to increase the infrared
radiation to space but that the restoration is ceduvhen water vapour is able to increase at
constant relative humidity. It is not until the fage and lower troposphere temperatures are
increased by 1°C with constant relative humidity that the emissidrinfrared radiation to
space returns to the same magnitude (291.5%\#sna IC rise of temperature but with no
increase in water vapour concentration.
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Water vapour feedback is a positive amplificatibthe surface temperature rise due to
increased carbon dioxide concentration. Howewvisratso clear that the amplification is
bounded, and probably less than a doubling of iteetdforcing. The estimated direct
warming of 0.8C to 0.5C from doubling the carbon dioxide concentrationads likely to to
exceed IC when water vapour feedback is taken into account.

It is also worth noting that the calculated downdvifrared radiation at the surface increases
by nearly 8 W/rh, from 348.2 W/rhto 356.1 W/m, when the tropical surface temperature is
increased by°C and atmospheric relative humidity is held cornstahis is a substantial
increase to the net infrared radiation loss fromttbpical atmosphere. The increased net
radiation loss can only be offset by an increasta®&nergy exchange between the surface
and the atmosphere, especially conduction and ezapo. Similarly, there is a requirement
for enhanced convective overturning to make thetiathd| heat available to the atmosphere.
The analysed enhancement of the tropical Hadlelyoeulations during the decade of the
19908, following the warmer ocean surface temperatufésenso-called Pacific climate
shift of the middle 1970s, is consistent with erdezhinfrared radiation loss from the
atmosphere.

Water vapour and clouds are derivative propertiekeoclimate system and cloud
specification in models is especially sensitivéeimperature and vertical motions. As a
consequence, in computer models the accuracy nfrépresentation is contingent upon, and
sensitive to, their specification in relation ttvet broadscale circulation parameters.
However, through their respective interactions wikar and infrared radiation they are
important in regulating the energy flow through dtienate system. Small biases or errors in
the specification of how clouds and water vapoarrapresented in the computer models will
amplify as errors in the projected energy and teatpee states of the climate system.

The high-end computer model estimates of climatsiteity to carbon concentration are
implausible in the context of convective overtughof the atmosphere and basic
thermodynamics. A projected rise in average glshdlace temperature of S@translates to

an increase in upper tropospheric temperaturef(igie emission layer) of between 10 and 15
degrees C. Such a temperature increase equatasrtorease in infrared radiation to space of
between 40 and 60 Wif top of the atmosphere radiation balance isediained.

The consistent amplification, by computer modelshe global temperature response beyond
that expected from the direct impact of carbon diexorcing is likely to be a systematic

error in the specification of small scale procesa#iser than a real positive feedback effect in
the climate system. Even the low-end amplificatiéri.4°C temperature rise during the21
century is nearly three times what might be expkfitem direct forcing and exceeds by fifty
percent what might be expected with water vapoypliéication.

A further argument against significant positivedieack process in the climate system is
contained in the pattern of global warming assedatith the warming phase of the major
glacial cycles over the past million years. Themiaig phase of each cycle has consistently
been more rapid than the cooling phase, and eachingphase has concluded at a global
temperature that is only a few degrees C warmer téraperatures now prevailing. Without
an internal temperature-dependent damping prociissithe system it would be highly
coincidental that major global warming episodes i@onsistently cease at about the same
climate state. Little has been written about thengf constraint on surface temperature rise
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due to the near exponential increase in evaporatitntemperature was described by
Peiestley. Evaporation and latent energy exchamgedbminates the surface energy
exchange at prevailing tropical temperatures.

Neither observation nor logical inference supploettiypothesis that there are internal
processes of the climate system that work to sgamitly amplify the relatively small direct
radiative forcing due to human-caused increasearipon dioxide concentration, particularly
those claimed in respect of clouds and water vagouhe absence of such evidence, it would
be more profitable to look for systematic biasethespecification of derivative quantities of
the computer models. Such biases will amplify viite and be misinterpreted as sensitivity
to the imposed forcing, ie radiative forcing fronmnhan-caused carbon dioxide increase. The
current approach of conjuring up hypothetical pesifeedback processes to explain
exaggerated sensitivity of the computer modelsassburce of concern about dangerous
climate change but lacks credibility.

THE CHANGING CLIMATE

Recent climate change in perspective

changes are taking place”. Gore’s inference isHaath's climate was stable prior to

industrialisation and that the changes of rececades are caused by human
activities. Some of the cited changes, such asdiating and mining, are an outcome of
human enterprise. However the linkage of glacieess, ice calving, lake contraction and
polar ice melting, to name a few of the example®igi to human causes is more rhetoric than
science.

A | Gore makes the statement, “It is evident in tleeldvaround us that very dramatic

One of the reasons that there is so much mystiarsifear associated with climate and its
recent change is that there is a dearth of uneqalivtata relating to past climates. Satellites
and their quantitative global coverage have onbnbevailable for about three decades.
Instrument measurements of climate are only aviailltbm limited areas and few extend
back more than a century. In the absence of data th much opportunity for surmise and
guesstimate as to what previous climate might teen like.

One of the tools to fill in the data void is com@usimulation of the climate extending over a
thousand years. The output from the long simulatgupports the view that the climate
system does not vary significantly unless forceahatyiral phenomena or by human activities.
The limited ability of the computer models to fluate between climate states is more likely
related to the formulation of the models rathenthaeal absence of internal variability of the
climate system itself. Moreover, there is an abseariknowledge about how natural factors,
such as solar variations, may have affected clinmatiee past.

The limited observations identify that there hasrbearming, changing rainfall patterns and

a reduction in land ice over the past 100 yearss&lthanges have been reflected in
ecosystems. Species have migrated from formerdialzind some populations have expanded
while others have contracted, depending on theipaiee capacity. The question that has to
be asked is whether these recent changes are Wiansuge result of human influence on
climate, as Al Gore would have us believe, or hey i reflection of the ongoing variability

of the climate system under which species haveved@!
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Fortunately there is not a complete absence ofnmétion prior to the development of
instruments and the recording of information. Ratdimatology is the reconstruction of past
climates based on the measurement and interpretaitisequential changes in geological
structures or in the sequential changes in cor@kesnextracted from the sea floor or ice
sheets. Other techniques include the analysismfargrowth rings in biological materials,
such as trees and corals. The dating of anciemliitres and glacial moraines also contribute
to our understanding of how climate has changetdrpast.

As sedimentary layers of the Earth’s crust wera deiwn over hundreds of millions of years
the depositions left telltale signals. The veryt faidayering indicates changing environmental
characteristics and many of these are climateelatithin the layers the changing
composition (including of organic material, soil t&@al, isotopic ratios of component
elements, etc) are interpreted, in the light of evadelationships. Analysis of these variations
provides an impression of the climate at the timehdayer was formed.

The palaeoclimatic reconstructions from all locasi@nd across all time periods
unambiguously portray a climate that is constaciignging. Some of the very long-term
changes are related to tectonic movements as tiiments shifted in their relative positions
on the Earth’s surface. Also, connections betwesao basins opened and closed and
changed the circulations and heat transport, bd@tiimand between basins. These changes
are slow and often their impacts span millions edng. Many of the changes in the local
geological records, especially those formed inieatimes, cannot be related to specific
events.

There is an expanding set of sediment cores olatdinen drilling of the upper layers of the

land and ocean floors that represent changesnratdi that have occurred over the past
several million years. Also, ice cores recoveredifiGreenland and Antarctica give detailed
records of changes in climate that occurred owetast several hundred thousand years as the
annual snow pack accumulated on the polar ice sheet

It is very clear from the sediment and ice cores the Earth’s climate has varied

significantly over the past few million years arasigenerally been colder than the preceding
hundred million years. The reason for the onséh@sde relatively cold conditions is not
known. There are, however, plausible theoriesdhalinked to the opening of Drake passage
separating South America from Antarctica, and gtatdishing of the wind-driven
Circumpolar Current that provides a thermal bulffetween Antarctica and the warmer sub-
tropical waters.

The evidence supports the view that, over the pébon years, global temperatures have
regularly waxed and waned with a period of abo@,Q00 years in accordance with the
Milankovitch theory relating to the Earth’s orbifsriods® (see Box 6 — upper panel). During
the extended cooling epochs the ice sheets ofdla and northern land areas expanded and
thickened, and mountain glaciers advanced. Thecemfrthe expanding ice mass during
these ice ages was evaporation from the oceansarmdconsequence, sea level fell.
Interrupting the cooling were relatively brief inkals when large areas of the polar ice sheets
melted and sea level rose.
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Ice cores record climate fluctuations between g a
and warmer interglacial conditions that have regmbat
on approximately 100,000-year intervals (top panel)
Temperature is inferred from hydrogen isotope
variations and carbon dioxide is analysed from air
bubbles trapped in the ice. Temperature and carbon|
dioxide appear to vary in tandem but detailed aisly
points to temperature leading by up to one thousand
years. Increased dust is recorded in those layers
corresponding to the cold and presumably drielogeri
of the record.

The more detailed temperature record, inferred from
the oxygen isotope record at two sites in Greenland
(bottom panel), identifies sudden warming episodes
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Twenty thousand years ago the Earth’s
climate was approaching the limits of
the Last Glacial Maximum. Great ice
sheets covered North America and
northern Europe and sea level was
approximately 130 m lower than it is
now. The North American ice sheets are
estimated to have extended as far south
as St Louis and to have been more than a
kilometre thick over the Great Lakes
region. Over northern Europe the ice
sheet is estimated to have extended as
far south as London and as far east as the
Ural Mountains. Mountain glaciers
extended far down the valleys of the
European Alps. Although permanent ice
did not accumulate over the Siberian
Plains the combination of cold
temperatures and reduced rainfall meant
that boreal forests retreated far to the
south.

The isotope ratios of oxygen and
hydrogen analysed from Greenland and
Antarctic ice cores suggest that high
latitude temperatures were more than
10°C colder at the time of the last glacial
maximum than they are now. However
ocean floor sediment cores obtained
from near Indonesia indicate that what is
now the warmest equatorial surface
water temperature was only abof€3
cooler at the last glacial maximum than
now. This is clear evidence that the
equator to pole surface temperature
gradients where much stronger at the
Last Glacial maximum than they are
now, and that surface westerly winds
over middle latitudes would have been
stronger.

About 19,000 years ago Earth
commenced a period of sustained and
dramatic climate change that lasted
about 8,000 years. Over this period the
North American and northern European
ice sheets melted leaving only the
Greenland ice mass and remnant
mountain glaciers. The melt water
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flowed into the oceans and sea level rose by atb@itn. The water in the surface layer of
the equatorial oceans also warmed to about cuteergeratures.

There can be no doubt that the dramatic global weyrollowing the Last Glacial Maximum
has been beneficial for humans and for the biogpinegeneral. Flora and fauna expanded
their domain poleward and flourished in the warm@ed wetter conditions. Humans were also
able to exploit the new ecosystems and settlentmtdame established over what were
previously inhospitable glacial landscapes.

One characteristic of the cyclic glacial climatectuations of the past million years is the
apparent upper limit of temperature at the conolusif each warming phase. The ice core
data suggests that the peak polar temperaturevachabout 10,000 years ago is similar to the
temperature achieved at the end of each previousiwg phase. Another characteristic is
that the cooling phase of about 80,000 years duradia much longer interval than the 8,000
years of the warming phase. If we accept the cdiueal Milankovitch view that the glacial
fluctuations are related to the changing eccetyradfi the Earth’s orbit then it is unlikely that
global surface temperature varies linearly withnges in net radiation at the top of the
atmosphere — a linear relationship would lead ¢gcéic temperature fluctuation rather than
the marked saw-tooth pattern observed.

The Earth’s climate also varies over periods thatess than the 100,000-year Milankovitch
cycle. Signals related to the 40,000-year declmetiycle and the 20,000-year precession
cycle of the Earth’s axis of rotation relative ke torbital plane can also be discerned from the
ice core and ocean sediment records. There isgsewidence that millennial scale
fluctuations pervade the last million years of dlimate recortf. These signals are departures
from the orbital-forced trend and are most notiteabthe cooling phase.

The palaeoclimate record also provides strong ecel®f fluctuations on millennial
timescales. Sudden warming events, with temperaisgs of up to 1T in Greenland
temperature (known as Daansgaard-Oeschger evargdpund in the ice core and ocean
sediment cores over the concluding 20,000 yeatiseof ast Glacial maximum (see Box 6 —
lower panel). Over the same period, cold ocearasarfemperatures in the North Atlantic
correspond to periods of increased ice rafting idedr the ocean floor (Heinrich events). Ice
rafting debris is fine material scoured from thedas glaciers move to the shoreline prior to
calving and is then deposited on the ocean floohescebergs drift and melt. The material is
too coarse to have been carried by ocean curredttha Heinrich events are recognised as
successive layers of coarse material and finer silt

Although there are reflections of the Daansgaarde®ger events in palaeodata from Europe
they are almost absent from the ice cores of AtitarcNeither the extent nor the reasons for
the occurrence of the Daansgaard-Oeschger evesitselea established but the millennial
scale fluctuations are clearly an important featfréhe North Atlantic climate.

The global temperature record of the past 10,0@@sys of particular interest for putting
recent climate fluctuations into context. This pdriknown as the Holocene, has been one of
prolonged warmth. The evidence is that early ingbgod temperatures were warmer than
they currently are. Across North Africa and inte iddle East the climate was wetter than
now with savannah vegetation and associated farewalent across the region. Not only does
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Proxy data have been used to reconstruct temperatarhistories of the past.
(Source: IPCC Fourth Assessmel

Reconstructions of past temperature have been osadg various proxy data, including tree ring thoias,
coral growth layer variations, ice core layers #ralchemical and physical variations of ocean akd |
sediments. The variations in proxy data are cdedlagainst recent temperature data.

Proxy data are not solely temperature dependentresiidresponse variations are confounded by thtser
factors. We should not expect the proxy data tecethe full amplitude of measured temperatura.dat

The proxy data do support the view of a warmer Meali Period and recent temperature recovery fram th
Little Ice Age that extended between about 160018aD. It is not possible to claim that recent
temperatures are unusual or unprecedented bedsipeoky data cannot reflect the full amplitude of
previous fluctuations.

the palaeoclimate data, particularly the ice cofeSreenland, suggest a cooling from the
peak warmth of 6-9,000 years ago but it is alselyithat subtropical regions have dried.

The cooling of the past 10,000 years has not bearcanstant rate. The Holocene optimum
prior to 5,000 years ago was succeeded by a sHr@isnate fluctuations. These included the
historically documented warmth of the Greek-Romarnqual of the first millennium BC, the
Dark Ages of the first millennium AD, the MediewAlarm Period that straddled 800-1200
AD, the Little Ice Age that reached its peak in gegiod 1600-1800 AD, and the current
period of rising temperatures and receding mourgkaiers.

As with the earlier millennial scale fluctuatiotisere is not sufficient unequivocal data to
map the geographical extent or the magnitude ofitfctuations of the past 5,000 years. As
demonstrated by Soon and Baliutfathe Medieval Warm Period and the Little Ice Ageic
be inferred from data covering a wide geographidsttibution. Although neither the
occurrences of peak warmth nor strongest coolimgcabed in local records there was a
broad pattern with the respective warmest and sblaeriods of each record generally falling
within the appropriate periods. There is a gen@@bgnition that the Little Ice Age was
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significantly cooler than the present but it is possible to be categorical as to whether the
Medieval Warm Period was as warm or warmer thariee2d’ century. Some
palaeoclimate reconstructions of the last 1,000syase shown at Box 7 and underscore the
uncertainty of quantitative reconstructions.

In comparison with the palaeoclimate record, tlwere of global temperature derived from
instruments is relatively short. Crude thermometeeee first developed in the early"17
century. However it was not until the early"l&@ntury before instruments based on common
measuring scales were deployed in networks to stelizarth’s thermal properties and its
climate. The middle T9century is a generally accepted beginning of thbaj instrumental
record for surface temperature.

Our interpretation of the climate record, and tbetext of recent climate, is fraught with
difficulties and uncertainties. There is a highmegof uncertainty in the quantitative
comparison of various palaeoclimate proxies suatbésined from sediment cores, ice cores,
tree rings and coral layers, and historical chresicFor example, rock art depicting savannah
fauna in an environment that is clearly now deisatifficult to resolve. Yet such rock art is
widely depicted in the now arid regions of Norttriéd and the Middle East, suggesting a
significant reduction of precipitation. The changstructure and chemical composition of
sedimentary layers and ice cores clearly have texbfiiom a climate influence but climate is
not the only determinant. Even tree rings and dasars, widely used as a measure of past
temperatures, vary with a range of climate factther than temperature.

Our estimate of the global temperature record ¢ogehe past few millennia is of particular
interest because it provides a context for thenteiostrument record that covers no more than
150 years. Notwithstanding the relative accuracyotlern thermometers, there is an
ongoing problem of representative sampling. Poahe introduction of satellite monitoring
and the ability of these platforms to provide glotxaverage, the thermometer network
density was a source of bias. Routine ocean obs@ngavere only available along shipping
routes and land-based observations were biaseddewsore densely settled regions of
developed countries. There were vast expanseg aidbans and less settled and less
developed land regions for which there were nolegglata. As a consequence, the global
temperature record of the past 150 years refleatietroutes and changing maritime
observing procedures, the effect of urbanisatiotooal temperature records, changing
instrument technology and a bias towards the mettked land regions.

Despite the measuring limitations, it is clear tieg instrument-based global temperature
record of the past 150 years reflects a real wagrmegnd that is consistent with warming from
the Little Ice Age. The warm temperatures of thet pao decades are the warmest of the past
400 years and are potentially as warm or warmer thase of the Medieval Warm perfod

The generally warming temperature record is suppldsy observations of worldwide
recession of mountain glaciers over the past 2@@syand the interpretation of borehole
measurements. There is uncertainty as to the maigndf the recent global temperature rise
but the direction is unambiguous.

In the context of past climate fluctuations it isl®ading to imply that the warming of the
past 200 years is unusual or that recent tempesatire unprecedented. Temperatures were
apparently warmer early in the Holocene and ragrapterature rise occurred in the lead up to
the Medieval Warm Period. It is certainly an unfded assertion to claim, as Al Gore has
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done, that the Holocene has been a period of stéblate and that recent warming is
unusual.

The stability of polar ice sheets

Massive destruction of the Greenland and Antaicécsheets, and raising of sea level by
more than 6 m, are the most dramatic outcomes fnoman-caused global warming proposed
by Al Gore and fellow alarmists. If such destructand ice melt were to occur, and over a
relatively short time span, then it would be aytrdisastrous outcome for humanity and
coastal ecosystems. Fortunately, there are gosdmea believe that the Greenland and
Antarctic ice sheets are relatively stable, and sbah an outcome from human-caused
climate change is extremely unlikely.

The Greenland ice sheet has been preserved, dftmmign its entirety, during previous
interglacials. It is likely that parts of the shéate existed for more than a million years with
annual snow accumulating on the surface over thie interior plateau and with spreading
and periodic melting at the margins.

There are two essential reasons for the relatalglgy of the Greenland ice sheet. Firstly, it

is situated in a region of net radiation loss, wtiere is more infrared radiation emission to
space than the solar energy received — energyusresl to melt the ice mass. Secondly, it is
only during a few months of summer, when totalysdlar radiation exceeds equatorial
values, that there is a net surplus of radiantggnavailable to melt accumulated ice and
snow. Even during the brief summer, when therenstasurplus of solar radiation,
temperatures across the high plateau generallyinene below melting point. Evaporation
from the snow surface requires about eight timesetrergy required for melting, which
means that at the sub-zero temperatures of theptéddau the ablation rate is low even at the
height of summer.

The prevailing general picture of the Greenlandela is one of accumulating snow over the
high plateau with ice mass spreading towards tlastcand melting where summer
temperatures become sufficiently warm along theelosoastal margifs It is likely that this
has been a consistent pattern for peripheral ideforamost of the last 10,000 years of the
current interglacial. A qualification is that aetbeginning of the interglacial 10,000 years
ago the Earth was closest to the Sun at northeslsummer but, due to precession, the Earth
is now farthest from the Sun at northern midsumfkere is continuing debate as to whether
there is now net accumulation or loss of ice mass Greenland although the peripheral
melting would suggest there is a continuing slowtcction of the area.

The history of European colonisation of southeragafand and Iceland provides some
indication of how temperatures of the region havenged over the recent millennium.
During the medieval period summer conditions oncbastal lowlands were sufficiently
warm that the land surface thawed. Crops couldrbemyand pastures provided feed for
grazing cattle. This was similar to other sub-Ardainds on similar latitudes, including
Norway. With fishing and trade, independent agtioal communities could be sustained.
Around the year 1000 the population of Greenland agproximately 3,000 people living on
3-400 farms
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The satellite-derived climatology (top panel) destoates
that polar sea ice extent goes through an annckd oy
response to the annual cycle of solar radiation.

Arctic sea ice varies from 6-7.5 million sq. km miim
to 15-18 million sg. km maximum. There has been an
observed marked reduction in Arctic sea ice, baté for
summer minimum and late winter maximum, over the
period of satellite monitoring (bottom panel) Suivface
sonar measurements indicate a general thinnirfieafea
ice.

Antarctic sea ice extends over a maximum areaardye
19 million sg. km. There is no evidence from séel|
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monitoring of consistent change since 1979.

37

The climate of the North Atlantic
became steadily colder during the late
13" century. Grov&, reporting on the
assessment of historical records by
Ogilvie24, describes how the climate
of Iceland was severely cold in the
1280s and 1290s, became variable
although generally mild during the
early 14" century but with severe
conditions returning after 1365. The
years between 1380 and 1430 were
again generally mild with occasional
severe years. Then the climate got
steadily colder. After 1580 the climate
was particularly severe with “ice
always to be found between Iceland
and Greenland”. Although the period
1640-1660 was remarkably mild this
was followed by a prolonged period of
severe cold, particularly 1690-1700
and the 1740s. Sea ice continued from
the 1780s to the early $@entury,
except for a brief interruption between
1840 and 1854. The warm conditions
of the 20" century were only
interrupted by a brief return of sea ice
conditions in the 1960s

For the settlements of Greenland the
growing season apparently shortened
during the late 18 century and crops
and pastures became more difficult to
sustain. Grove, based on
reconstructions by Koéhand
Bergthorsso??, has described how
coastal sea ice formed around parts of
Iceland in winter and became more
extensive with time from the ¥4
century. It is reasonable to assume
that it was the increasing extent and
duration of winter sea ice that

inhibited trade with the Greenland
colonies because communications
eventually ceased. As the winters
became increasingly severe the crops
and pastures deteriorated and provided
less and less sustenance for the people
and their animals. Without support
from trade, the last of the descendants
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of Greenland’s original European colonists perisinettie early 1500s. European settlement
did not resume until the establishment of a traghagt in 1721.

The abandonment of farms in some fiords of Norvaryyen the 14' century has also been
attributed to advancing cold as glaciers advancaehdvalleys and cold winds off the
expanded ice sheet modified local temperaturessilidlden abandonment suggests rapid
climate deterioration. Farm records also pointdeamces of glaciers in the late™&nd 16"
centuries.

The cold of the North Atlantic continued until tearly 20" century. Between 1600 and 1900
the records indicate that coastal sea ice formedsarrounded much of Iceland each winter.
Permanent land ice accumulated on some parts dadlérel that were previously available for
agriculture. During this period frozen rivers amahstal sea ice were not uncommon in
England and parts of Europe. The freezing oveh®flthames River from 23 December 1683
through middle February 1684 and the occurren@e‘wbst fair’ provides a glimpse of life
during the Little Ice Age. According to London d&rJohn Evelyf':

“men and cattle perishing in divers places, andvieey seas so locked with ice that
no vessels could stir out or come in. The fowtsdisd birds, and all our exotic plants
and greens, universally perishing. ... Here was nteni be had from the pipes and
engines, nor could the brewers and divers otheléspeople work, and every moment
was full of disastrous accidents.”

The cold period of the #7and 18' centuries, as it affected the region of the Euanp&lps,
is well documented by the French historian Le Raglirié®. A central discussion is the
advance of mountain glaciers into the lower vatiéthe Arve River near Chamonix during
the 18" and 18 centuries, and their subsequent retreat that biegae early 19 century.

Relatively accurate monitoring of Arctic sea ice l@en made since appropriate satellite
instruments became available about 1979. The saeaxjgands and contracts with the seasons
and the magnitude of the annual change is appraeiynd0 million sg. km (see Box 8). The
data clearly identify a trend of decreasing sear®ea, both at times of maximum and
minimum extent, over the short duration of obseovest Sub-surface sonar measurements
made over several decades also indicate that shieesés thinning.

Satellite measurements of the Greenland ice shdietite that the elevation over much of the
plateau is increasing with ice accumulation but the lower coastal periphery is thinning as
ice melts. The limited accuracy of the instrumemtd the complex terrain prevent an accurate
assessment of the ice mass balance.

The trend of reducing Arctic sea ice and the mgltihice mass from the coastal lowlands of
Greenland need to be assessed in the context api@ent millennial temperature
fluctuations of the region and the evidence of biha during the current and previous
interglacials. Although the direct measurementy coler recent decades the changes are
part of a regional pattern that is most likely @flzpl extent, given the worldwide behaviour

of mountain glaciers. The warming and ice meltitssrigins at the beginning of the"19
century. Moreover, the ice melt is neither unprecgeld nor unusual, as there is evidence that
during the previous interglacial, when temperatuvese warmer, the Greenland ice sheet was
less extensive than now and sea level was sevetat¢snigher.
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There are suggestions that the West Antarcticheetsmight be unstable because its base is
not grounded and the ice sheet is anchored todslaith water flowing beneath it. If sea

level rose the whole ice sheet may disintegratetlamgbarts drift into the Southern Ocean and
melt, as happens from time to time on a much smsdlale with the Larsen Ice Shelf. If all of
the West Antarctic ice sheet were to disintegraieould raise global sea level by about 6 m.

The Antarctic sea ice has an annual cycle of expard contraction with the annual cycle
of solar radiation (see Box 8). The winter extefinden ice is nearly 19 million sqg. km, slightly
more than the corresponding extent of Arctic sealit contrast, most of the Antarctic sea ice
melts in summer and there is no appreciable resluati extent during the period of satellite
observations. Apart from over the Antarctic Peniasthere is no variation in surface
temperature evident and it cannot be concludeddbahass over Antarctica is decreasing.

The Antarctic Circumpolar Current provides an effecphysical and thermal barrier for the
continent and tends to isolate the ice mass. Theakoverturning associated with the
Circumpolar Current causes upwelling of cold sulfesie water on the poleward side of the
current, an equatorward drift of surface watersl, @ownwelling of the cold surface water
beneath the subtropical waters at the convergemaedary (see Box 9).

There is no evidence of instability in the West @mwtic ice mass. The wind-driven
Circumpolar current protects the continent frommwavater intrusion and there is no
evidence of recent temperature rise except on ttiarétic Peninsular exposed to the varying
westerly winds. Slow sea level rise is unlikelydistabilise and cause break-up of the West
Antarctic ice sheet.

Another alarm raised in the context of polar iceedh is the possibility that warmer
temperatures will cause glaciers within the patarsheets to surge dramatically. We have the
precedent of the Heinrich events during the lastigl periods where enormous masses of ice
drifted into the North Atlantic where they meltendadropped debris to the ocean floor.
Evidence of recent increases in glacier speedshmterGreenland and East Antarctica has
been attributed to global warming. It is suggeshed warmer temperatures are lubricating the
bedrock-ice sheet interface such that the massdseginning to surge and may break up
completely, thus raising sea level. This is anketji scenario.

Meltwater pools do form on the lower elevationshef ice plateau during summer when the
surface temperature exceeds the melting pointnidlevater follows crevasses and other
weaknesses and possibly reaches the bedrock. prakess the ice layer is eroded from
within and the ice layer tends to disintegrate.lSerosion has been observed prior to the
break up of coastal ice shelves. Meltwater poddsodaserved on the lower elevations of the
Antarctic Peninsula and Greenland Plateau butubigely that such meltwater is of
sufficient magnitude that it will contribute to tdestruction of the main ice sheets.

There are more than 140 subglacial lakes beneatArtarctic ice sheet. The biggest of these
is Lake Vostok, made up of freshwater and beneatterthan 4 km of ice. It is 200 km long
by 50 km wide at its widest point and the depthesbetween 400 m and 800 m. The water
temperature averages®c3and remains liquid below the normal freezing pb&cause of the
pressure from the weight of overlying ice. Thesbeet insulates the lake from the cold
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Vertical overturning associated with the Antarctic Circumpolar Current
(Source: Scientific Committee for Ocean Resear|

The schematic cross-section of the Southern Odeamssthe region of upwelling at about®85generated by
the wind stress of the surface westerly winds.

The process of Ekman turning causes the cold suvfaters to drift northward and plunge to depthenribde
warmer waters at the subtropical convergence.

Adjacent to the Antarctic continent the surfacearstool and, during winter, the density increasesea ice
forms and salt is expelled into the waters beloke Told salty water sinks to form Antarctic Bottuviater.

The upwelling cold subsurface water and the comwtisuAntarctic Circumpolar Current provide a phyisarad
thermal barrier against the warmer subtropical wate

temperatures at the surface (colder tharf€80 winter) and geothermal heat from the
Earth’s interior warms the bottom of the lake.

The physical parameters of Lake Vostok and sinsildrglacial lakes point to why lubrication
of the bedrock by surface meltwater is unlikelycept in the relatively shallow sheets of the
coastal lowlands. Firstly, over the high platea@oéenland and Antarctica the surface
temperatures are too cold for surface meltwatéoro in any quantity; meltwater formation
is only feasible over the lower coastal ice marg8econdly, the pressure of overlying ice
compacts and closes any crevices that might folmard'is no pathway from the surface to
the bedrock over the thick ice sheets covering nui¢breenland and Antarctica.

Nevertheless, the evidence suggests significamtgesato the ice sheets are possible under
the appropriate conditions. We do not know whyl#s¢ interglacial was apparently warmer
than the current one and led to significantly mmoedting and contraction of the periphery of
the Greenland ice sheet than currently being eepeeid. However the current rates of
melting are not contributing appreciably to massland sea level rise. The Heinrich events
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during the last glacial period indicate surginghaf coastal ice flow due to a build-up of ice
mass in the very cold temperatures. Peripheraimgeturrently prevents such a build-up and
there is no evidence that recently observed suligiagy more than natural variations of the
glacier flow.

Fears raised by Al Gore about impacts of globahwag on the polar ice sheets are
essentially alarmist and unfounded. The ice she®ts a very large thermal inertia and the
additional energy required to melt them is enorm@adar radiation is the energy source for
summer snow and ice melt but the prevailing tentpeea and the net radiation loss of the
regions mean that there is only a short windowppfastunity for effective ablation. The
current rate of sea level rise of less than 3 mnygar, as given by satellite altimeters,
indicates that polar ice is not melting at a ratg should cause alarm.

Managing weather and climate extremes

Human communities have become established in nliosite regimes of the world from the
humid equatorial jungles, through the hot subtralpi@serts and milder temperate middle
latitudes, to the harsh cold of polar latitudes.oligh technology and trade they have adapted
to the local climate and established lifestyles twantinue to provide shelter and sustenance.
Some climate regimes or local resource bases are faourable than others are and these
support more populous settlements.

Regardless of apparent wealth, all communitieeap@sed to the hazards of weather and
climate extremes. Tornadoes and severe hailstorensapable of severely damaging any but
the strongest structures. Tropical and middleudgtcyclones are capable of causing swathes
of wind damage to housing and urban structuresdftgy of low-lying areas and coastal
inundation from storm-surges. Prolonged rainfaflaiency leads to agricultural and pastoral
loss, water shortages, and increased wildfiressoéiated with these hazards are increased
risks of death, injury or sickness.

A major indicator of a community’s stage of devetmmt is its ability to withstand weather
and climate extremes. Subsistence and itinerantrzanities are often caught unprepared and
exposed to the full force of extremes; they sufiieaths, injury and disease during and
following an event. A characteristic of more deysd communities are early warning
systems such that people can take shelter, eittteeir own or public facilities; public
assistance for the injured and restoration of damagommunity infrastructure following an
event; and financial services to fund repair obgte property and public infrastructures. In
more developed communities there is a tendencietweer lives being lost but greater
property damage being suffered during a hazardeeisteNevertheless, regardless of their
preparedness, people generally fear the approazinatardous event.

It is therefore intellectually dishonest for Al &aio use recent weather and climate extremes
that are fresh in the community psyche and claiithout evidence, that these are an outcome
of human-caused climate change and examples okworome. Weather systems represent
classes of the atmospheric circulation that argelgrgoverned by broadscale

thermodynamics. Season and location determinedter@nce of systems but their

variability is regulated by the juxtaposition ofdar-scale processes. Climate extremes are the
extended biasing of larger-scale processes to teanlyoincrease the frequency or prolong

the absence of expected weather systems.
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Blocking circulation over Europe during the

heat wave of August 2003
(Source: NOAA http://www.cdc.noaa.gov/cg
bin/Composites/printpage.pl

A ‘blocking’ situation became established over Eparo
during August 2003 as the normally mobile weather
systems became near stationary. The airflow across
Southern and Western Europe was more from the sol
and east, bringing warmer air across these regidres.
circulation over the area was strongly anticyclomith
clear skies and subsiding dry air.

At the same time the airflow over Central Europs wa
biased towards northerly winds, bringing cooler
temperatures than normal.

Blocking situations are a regular phenomenon aed th
duration, location and intensity of each event mheitee
their impact. The heat wave over Western Europadur
the summer of 2003 was particularly intense becafise
the prolonged period and location of the anticyaon
anomaly that resulted in persisting advection afwa
air, and the clear skies caused daytime tempesatare
be very warm.
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Heat waves

Al Gore makes much of the summer
heat wave over Western Europe in 2003
for which estimates of the death toll are
as high as 35,000 people. Various
statistics have been produced
suggesting that the episode was
sufficiently outside the expected bounds
of natural variability that, by

implication, it could only have been
caused by climate change. Moreover,
the climate change must have been
related to human-caused global
warming. Al Gore claims that the 2003
heatwave is the sort of event that will
become more common if global
warming is not addressed by reducing
carbon dioxide emissions.

In reality, the statistics overlook the
thermodynamics of the event. The heat
wave was caused by a prolonged

th blocking situation, a phenomenon that

is not itself unusual (see Box 10). The
reasons that this event produced such
high daytime temperatures over
Western Europe were the intensity and
location of the anticyclonic circulation
anomaly that caused generally
subsiding and clear skies to maximise
solar heating of the surface. At the same
time, warm air was drawn from the
south and east. Apart from the strength
and duration the anomaly was not
unusual.

The highest daytime temperatures from
three cities of southeastern Australia

with long records underscore that heat waves drerag weather events. The region had
been suffering drought during 1938 and by Janu@8@lhe countryside was parched. On 12
January the maximum temperature at Adelaide (recsirdte 1887) reached 4&land on

the 13" reached 44°Z. These continue to be the hottest and equal defvmttest days ever
recorded for Adelaide. On 13 January Melbourneof@gg since 1856) recorded 4%% its
highest ever. On 14 January Sydney (records si®6@)Irecorded 45°€, also its highest
daytime temperature ever. The intense heatwavéspagtgor more than a week and in
addition to the record temperatures there were maldyires that caused deaths and
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widespread destruction. Nobody has attributed @inedry 1939 heat wave over southeastern
Australia to human-caused global warming even thaugame at the end of a 3-decade long
trend of rising global temperatures.

It should be noted that alarmists focus on thevaat and deaths associated with the 2003
heatwave event. They fail to discuss the cooleditimoms that were part of the blocking
circulation and prevailed over Central and Easkrrope as a consequence of the persisting
cooler airflow from the northwest. It is also presed that heatwaves will always produce
deaths, particularly to the elderly and frail. Wisabverlooked is that heatstroke can be
avoided by appropriate care.

Hurricanes and tropical cyclones

Al Gore links an apparent recent increase in threber and frequency of tropical cyclones,
including hurricanes and typhoons to human-cauaduba dioxide emissions and global
warming. He highlights the terrible loss of lifedaglestruction associated with hurricane
Katrina and cites the record number of hurricaeepecially the number of strong hurricanes,
in the Atlantic during the summer of 2005. Thiss@dling to Gore is a taste of the future as
carbon dioxide emissions increase and Earth gatsierato produce more frequent and more
intense hurricanes. The evidence does not sugpese talarmist predictions.

The 2005 hurricane season that laid a path of deatldestruction through the Caribbean, the
Gulf of Mexico and onto mainland USA received widedia coverage. There is no question
that 2005 was an extremely active hurricane seisahe region. What is in question is
whether the nature of the season had anything teitthoglobal warming trends and carbon
dioxide emissions.

Al Gore highlights the death toll and damages caigeKatrina, a severe but not record
intensity hurricane. A full review of Hurricane Kisda has not been completed. Without
attributing responsibility, it is apparent that rhuaf the loss of life and damage were due to a
combination of lack of timely preparation leadirgto the storm’s onset, failure of vital
infrastructure, and slow response in the afterrf@tbwing the storm’s passage. There are
lessons from Katrina for planning, preparation antergency responses, as there are after
any major disaster. However a strategy of cuttiagkton carbon dioxide emissions to prevent
future hurricane loss of life and destruction lackedibility.

The first things to note about the summer of 2G0hat the broadscale tropical circulation
characteristics of the atmosphere were unusualtyuiable for hurricane development. There
were 31 named tropical storms of which 15 reacheddane strength. These numbers are
three times the climatological numbers of 10 nastedns and 6 of hurricane strength each
year for the region. In sharp contrast to 2005 stimer of 1997, which preceded the
warmest year in the instrumental record, had omg®ed storms and 3 hurricanes. This
underscores that while warm ocean surface tempestire essential to initiate tropical
cyclone formation it is the broader scale charasties of the atmospheric circulation that
regulate the actual occurrence and intensity objis¢ems.

The climatological record does not suggest thaethas been a trend towards greater
numbers and more intense storms. The histogrammfa numbers (see Box 11) would
suggest that there is a high degree of year towaaability. High numbers of category 3



44

BOX 11
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Climatology of Atlantic tropical storms
(Source: NOAA National Hurricane Cente

Histogram of number of named tropical storms inAklantic. The numbers include all named storms(op
yellow), hurricane strength (hatched green), aeditgr than category 3 (solid red).

The numbers and strength of systems prior to gatslirveillance are less certain because of retiam
ship reports for those storms not making landfall.

There is no clear trend in the annual number desys. Numbers of hurricane and category 3 strength
systems were high during the 1950s and again beereicent decade but fewer during the 1970s andis198

The annual average number of named storms is T06witaching hurricane strength. During the sunwohel
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2005 there were 31 named storms of which 15 realcheétane strength.

hurricanes also occurred in the 1950s and earl@4 96th numbers only returning to those

earlier values over the past decade.

It is of particular interest that thd'@énternational Workshop on Tropical Cyclones, spoed

by the World Meteorological Organization and attshdtby 125 tropical cyclone researchers

and forecasters in Costa Rica, issued a Statem&tdviember 2006 that included:

* No conclusion can be drawn on whether there is@ctible anthropogenic signa
the tropical cyclone climate record.

* No individual cyclone can be directly attributabdeclimate change.

* The recent increase in societal impact is causeatsing concentrations of
population and infrastructure in coastal regions.

* There is an observed multi-decadal variabilityroptcal cyclones in some region
whose cause is unknown and which masks any polténmets.

lin
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* ltis likely that some increase in tropical cyclqmeak wind speed and rainfall will
occur if the climate continues to warm.

* There is low confidence in computer projectionsropical cyclone numbers.

These authoritative comments are clearly at odds the alarmist statements made by Al
Gore. The fact that in 2006 the number of stornasharrricanes returned to the long-term
average just reinforces the dependence of annumabers and intensity of storms on factors
other than ocean surface temperature.

The experts are clearly concerned about the mayatimual damage bill and point to how
the risk is escalating as a consequence of settlisnegpanding and becoming established in
hazardous locations. This is again at odds witkséie’s attempt to link death and destruction
from hurricanes to carbon dioxide emissions. Imptbiorecasting techniques and
community preparedness have seen a clear downvesnd in the number of lives lost from
hurricane and related disasters. In contrast, thea damage bill is escalating rapidly for the
reasons given by the expert group, especially tiwelp formulated construction codes and
the willingness of authorities to allow developminhurricane prone coastal regions.

Initiatives to reduce carbon dioxide emissions hale no effect on future hurricane-related
loss of life and destruction of property. Hurricarsge a naturally occurring phenomenon of
the climate system and are a serious and ongoirgy thaMitigation of loss of life and
destruction is most effectively addressed thrownvant research, planning, preparation,
early warning and emergency response.

Coastal inundation

The spectre of coastal inundation is raised by Aitezas a dramatic outcome of global
warming (“We will have to re-draw the maps”). C@shundation is particularly fearful
because of the number of people worldwide whoilivelose proximity to the sea on low
lying coastal margins or islands. Unless early wayis given, there is often significant loss
of life when storms raise local sea level to slagieore. Surges associated with tropical
storms are very destructive at the time of landfatlthere are also many middle latitude
locations where storms produce prolonged winds loreg distances that cause a pile up of
water and inundation along low lying coastal masgin

There is no doubt that a raising of sea level wdrease the severity of the hazard associated
with storm surges. However, it is the magnitude faaguency of the storms that primarily
determines the extent of the hazard because tleevaasrate of rise of sea level is small and
is generally not significant in the context of madwariations and land movements. Sea level
rise will change the severity of the hazard withdibut this aspect must be considered in the
context of the projected rate of sea level rise.

Estimates of past sea level change have convelitidiegen made using tide-gauge
measurements. These provide an estimate of thefraga level rise during the t?ﬁentury

of about 2 mm/yr. Two issues confound the accurstienate of sea level change from tide-
gauges. Firstly, there are relatively few tide gesugnd their geographical distribution
provides very poor sampling. Secondly, tide-gaugeasure sea level relative to the land;
vertical crustal motions may be of the same ordenagnitude as the sea level variation.
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Variations in global mean sea level from the TORIEY
Poseidon altimeters observed over the first 8 yefbdsta
after calibrating the measurements with the tidegga. The
dots show the 10-day sea level estimates, andnhéslthe
same after smoothing with a 60-day filter.

The 15-20 mm rise and subsequent fall of sea thwehg the
1997-98 EIl Nifio event underscores the relationshtpreen
sea level height and ocean surface temperature. The
significant short-term variation highlights the dder a
longer observing record in order to reliably estertaend.

The satellite derived global mean sea level trendHe period
was 2.4 mm/yr.
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In some regions the vertical crustal
motion is at significant rates. The
apparent rise or fall of many atoll-
capped volcanoes associated with
mid-ocean spreading of the seabed
is often confused with sea level
rise. For many islands changes of
land surface elevation are often
associated with consolidation of
cooling volcanic material. The
issue of safety of the island and
coastal inhabitants is no less
important but the cause for the
hazard must be correctly identified
if appropriate responses are to be
made. There is no evidence for a
wave of ‘climate change refugees’
although many low-lying
communities are threatened by an
apparent sea level rise associated
with tectonic and other local land
movements.

Measurement of sea level variation
using satellite observations has
become possible with the
development of special instruments
but records only date back to 1993.
The satellite data identify spatially
varying patterns of variation
associated with changing ocean
surface heat content and ocean
currents. The instruments are

calibrated against the global tide-gauge networkane not entirely independent of the
surface instruments. The satellite data are claifmdtve a precision of 4 mm in resolving
10-day global mean sea level variations. They apalle of resolvir%? the 15-20 mm global

mean sea level rise and fall associated with t/8& B8 EIl Nifio eve

(see Box 12) but the

temporal variability means that long records wélfiecessary before an accurate long term
trend can be isolated. Nevertheless, the 2.4 mmatgrof change of sea level obtained from
satellite data is similar to that from conventiotidé gauge observations spanning th& 20
century. The observed rate of sea level rise iatawtning..

The relatively small rate of change of sea levat th observed cannot be linked to human-
caused global warming. Within the range of obséwwal precision, there has been no
discernible trend over the 9@entury. A range of natural processes affectdeses,
including changes in temperature and salinity, imglor accumulation of land ice, and

discharge/extraction from land aquifers. Therdds a suggestion that out-gassing of water
from the Earth’s mantle is continuing and contribgtto ocean mass, although the magnitude
can only be conjecture.
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Natural sea level change is a factor that musbbeidered in developing and maintaining
coastal protection but there is no indication se level is rising at a dangerous rate.

Droughts and desertification

It is claimed by Al Gore that global warming widldd to increased numbers and severity of
droughts, thus leading to an expansion of desEnts claim is made on the basis that warmer
temperatures will increase surface evaporationraddce the amount of rainfall available for
storage in the soil and runoff to streams. Thisrsegly plausible logic is backed by the
outputs from computer models. Many computer mopedglict less frequent but more intense
rain episodes with increased soil drying duringul@mer and more prolonged periods
between rain events.

The key to desertification is not temperature betftequency and intensity of precipitation.
As was identified by Priestlé}in 1966, in hot climates the temperature of aarriee ground
is regulated by evapotranspiration from the surf&cestley found from worldwide climate
data that there is a sharply defined upper limaldut 33.8C for temperature above a well-
watered surface of sufficient extent. The charasties of desertification, including soil
moisture and daytime temperatures, are regulatgmdyypitation and high temperatures
follow increasing aridity.

There is no clear evidence of recent expansioreséds, except by poor land management
practices. Shifting dunes are natural. The examgile=n by Al Gore to support his claim are
either a result of poor land management practicéiseoshifting of dunes in a region already
characterised by extensive dunes.

The rainfall of semi-arid regions often has cenialnor longer period cycles. Anthropologic
evidence from settlements over parts of North, @éaind South America covering the last
two millennia suggest that individual settlemerdad kvaxed and waned. There is no clear
coherence between the individual sites and thensaf®r the population fluctuations are not
resolved. One continuing theme, however, is changiimate and in particular changing
rainfall patterns.

There is evidence that North Africa and the Mide&st have been drying from a savanna-
type climate that was more typical 5,000 years &gk carvings and cave drawings that are
more than 3,500 years old, from areas that aredesert and semi-desert, often depict large
grassland and riverain animals. The archaeologiddience suggests that summer monsoon
rains extended further north than they do now. it unreasonable because 10,000 years
ago the precession of the Earth’s axis meant thethEvas closest to the Sun at the time of
the northern summer solstice. The northern hemisplieuld have intercepted more summer
radiation than now.

The relationships between temperature, rainfail rsoisture and surface water are complex.
The summer monsoon circulations that bring raintathany tropical and subtropical regions
are related to both surface temperature pattemhgiaculation thermodynamics. It is
completely wrong to make the blanket inference kiglher surface temperatures will result in
more droughts. An expansion of summer monsoon maiassubtropical regions is likely to
lower temperatures through increased evapotrarnigpira
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Rainfall is a very difficult meteorological elementforecast over the coming few days and
there is no demonstrable skill in seasonal raimia@diction. There is no reason to expect that
computer models have more skill when it comes tedasting long term trends.

COLLISION OF EARTH AND HUMANITY

many local and regional ecosystems. Human settlenaea at the expense of pre-

existing ecosystems. Broad-acre farming coverimgalgure and grazing are
outcomes from clearing of forests and woodlandenBte use of fire by nomadic peoples,
such as the aboriginals of Australia before Eurnpsedtlement, is an example of humans
shaping the landscape to meet specific needs.

I here is no doubt that the activities of humans fedtexted and continue to shape

Biosphere response

Al Gore claims thatrhany species around the world are now threatenetlitmate change,
and some are becoming extinct..Hé then qualifies thisifi part because of the climate
crisis and in part because of the encroachmenttimoplaces where they once thriveltl is
important to recognise these two separate causasibe they really are separate issues
requiring their own policy response. UnfortunatélyGore proceeds as if all the biosphere
calamities, from tree clearing in Haiti to algabbins in the Baltic Sea, are due to human-
caused global warming.

The collision of Earth and humanity is a real issuethere is no evidence that burning fossil
fuels and the increasing concentrations of atmagpbarbon dioxide will lead to dire
environmental consequences. The basis for Al Galaisnist predictions of species and
ecosystem destruction is a perverse interpretatioime well-known observation that
populations wax and wane with varying climate. idterpretation of recent changes in
climate as being human-caused and extrapolatirsgttrends to project doomsday scenarios
cannot be justified. On the unsubstantiated assomtitat burning of fossil fuel is the cause
of recent climate anomalies, and that further cadiioxide emissions will cause dangerous
global warming, Al Gore predicts widespread spelass, from the polar bears of the Arctic
to the coral reefs of the tropical oceans. Sudaianaloes not stand close scrutiny.

It is appropriate that every attempt is made tonta# the rich bio-diversity of the biosphere.
In those local ecosystems that contain remnaniepe€ flora or fauna from an earlier time,
when more favourable climate or lack of predatoeseaconducive to species evolution, the
population dynamics are fragile. However speciesrgance and disappearance is a natural
part of evolution. Species extinction is natural #&nwould be wrong to suggest that remnant
populations will not die out in the absence of haraacroachment.

Human encroachment into what were previously ungeshdor natural) ecosystems will
have an impact, whether it is land clearing or aredldrainage. In many countries,
environmental impact is already part of the assessivefore authorities allow expansion of
settlements and land-use into previously unmanagets, and this practise is strongly
supported. Where such impact assessment is nabfparational requirement then
governments should be encouraged to enact app@pagislation.
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As Earth emerged from the last major ice age tkatglorth American and Northern
European ice sheets melted and allowed rich ecasgsto evolve over the previously frozen
wastelands. Certainly the raising of sea level 8§ th submerged wide expanses of coastal
lowland but overall the warmer and wetter climaas hllowed a wide range of species to
expand in numbers and spatial extent. There is/iseiece that human activities have
contributed to this climate change. The evidendbasa warmer climate is preferable to the
colder alternative, which is the direction thatrdie is inexorably moving.

Coral reefs

It is quite wrong to say that tropical corals dneeitened by global warming. What are now
pristine coral reefs with diverse marine ecosystansfish populations were, 20 thousand
years ago, high limestone cliff faces. The marifgedssociated with coral reefs is relatively
robust and is able to adjust to large rises ansl ddisea level over relatively short intervals.
Much of the alarm about coral reefs is the occadiepisodes of bleaching, mostly associated
with El Nifio events. Such ‘warming’ events are ad by alarmists as symptomatic of
destruction that will accompany global warming.

Coral reefs of the Pacific Ocean survive signiftaase or fall of local sea level during El

Nifio events. In December 1997, during the matueselof the 1997-89 event, local sea level
was 24.6 cm below normal at Pohnpei in the Fed@i&tates of Micronesia and was 39.3 cm
above normal at Santa Cruz, Ecuador as warm sunfats flowed eastward Local sea

level falls of the magnitude that occurred acrbgsWestern Pacific Ocean either uncovered
reefs or reduced the depth of the layer of oveglyirater so that very warm temperatures
occur. The rise in sea level over the Eastern Ra@iean was accompanied by the arrival of
water that was 2-3 degrees C warmer than the thioadtological value. It is quite
understandable that local corals became stressadi$e of the sudden changes.

Tropical rainfall patterns are significantly dista@ during an EIl Nifilo event and this also
impacts on coral ecosystems. Over some locatioieh, &s the arid coastal regions of Ecuador
and Northern Peru, rainfall is up to ten times rarseasonal values and the runoff of silt and
detritus changes the salinity, turbidity and nuirievels in the environs of coastal corals.
Elsewhere, where rainfall declines significanthg salinity of coastal waters increases.

Coral reefs recover from the physical changesabedmpany El Nifio, much as forests
recover from serious wildfires; they are not ag/tivere before the event but they do recover
as rich ecosystems. The corals and their deperedesystems do not show signs that there
has been permanent damage from the very smaksekrise and ocean temperature increase
experienced during the ®@entury. Just as coral colonies recover from efgis@f bleaching

so to they are expected to be sufficiently robostithstand the range of future climate
variation. Not only have colonies moved with treerand fall of sea level accompanying the
major ice age cycles but also they have survivedeseels that were several metres higher
during the previous interglacial. Corals are mafeusst and adaptable than the alarmists give
credit.
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Expansion of tropical disease

The scariest projection given by Al Gore is thaegpansion of disease vectors to middle and
high latitudes as Earth gets warmer. Algae, mosegasijtticks and other germ-carrying life
forms are projected to turn up in new places aneica wider range than at present. To quote
Al Gore:
“.. mosquitoes are profoundly affected by globafmwimg. There are cities that were
originally located just above the mosquito lineiethused to mark the altitude above
which mosquitoes would not venture. Nairobi, Keaya Harare, Zimbabwe, are two
such cities. Now, with global warming, mosquitoes eimbing (sic) to higher
altitudes”.

In truth we do not know how mosquitoes and otheepital disease vectors are affected by
global warming. What we do know is that the popata of many of the vectors, if
unmanaged, fluctuate with climate variability. Thignal is derived from mortality and
sickness statistics associated with interannualatk variability associated with El Nifio
events. It is seemingly plausible, but wrong, tojgxt climate relationships and future
patterns of intensity and extent with an expectadwer world.

The frailty of the Al Gore logic is that, althougialaria epidemiology is related in part to
climate conditions, the actual extent of the disgaglependent on the presence or otherwise
of an active program of disease control. Malaria eademic over the southeastern USA until
an eradication program rendered the problem inogmt. Until the second half of the 20th
century, malaria was endemic and widespread in rteanperate regions, with major
epidemics as far north as the Arctic Circle. Frdsid to the 1730s — the coldest period of
the Little Ice Age — malaria was an important caois#iness and death in several parts of
England. Transmission began to decline only inl®i century, when the present warming
trend was well under way. The history of the disa@sderscores the role of factors other than
temperature in malaria transmissian

In a review of the links between global warming &mel spread of infectious disease Roland
Zell of the Institute of Virology and Antiviral Thapy, Jena, Germany concluded that the
factors responsible for the emergence/re-emergeineector-borne diseases are complex. He
noted that insecticide and drug resistance, ddfiies, irrigation systems and dams, changes
in public health policy, demographic changes argiesal changes affect the incidence and
spread of parasites and arbovirif&eBhis conclusion underscores an earlier studpef t
changing patterns of clinical malaria since 196&hatea estate population located in the
Kenyan highland®. Malaria was previously endemic in the Kenyan highs and the recent
emergence is attributed to disease resistance tdrtlg chloroquine and is not related to
climate.

Polar bears and emperor penguins

Polar bears and emperor penguins are cited by A @® species particularly sensitive to
global warming. These photogenic and iconic spdoiesn harsh isolatedpolar environments
at the top of the food chain. Each species is largedependent on marine life for its
existence. As a consequence, total numbers ofsgaeties is relatively small. The Canadian
Wildlife Service estimates that there are aboud@® polar bears around the shores of the
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Arctic Ocean; Australia’s Antarctic Division estitea there are about 195,000 breeding pairs
of emperor penguins in rookeries of the Weddell Rods Seas of Antarctica.

Although the population numbers are relatively draatl each species is uniquely adapted,
they have evolved in what is the most variable ateron Earth. Not only is the annual cycle
of temperature greatest over the polar regionshase regions also go through the greatest
temperature range during ice age cycles. The sphane survived both the glacial maximum
20,000 years ago and the interglacial of 125,0@0syago that was apparently warmer then
now. Even the Holocene Optimum between 5 and 1@stéad years ago was apparently
warmer than now.

The polar bear population is widely dispersed. Hewehe animals are mobile and can swim
more than 80 km in search of food and mates. Pa&ars are carnivores and their main diet is
seals caught from ice floes. The hunting periaduisng the winter and spring months and the
animals go for long periods, extending from sumtaeautumn, without food. Warming, with

a reduction in the amount and duration of sea @@ is seen as a particular threat to the
species because it will reduce the hunting andirigezbason and extend the fasting period.

Polar bears are recognised as an endangered spdwedSA, Canada, Denmark, Norway
and Russia have signed an agreement designedtezphabitat components, such as denning
and migration patterns. Nevertheless, USA, Greentand Russia allow hunting of polar

bears by indigenous peoples and Canada also mek#ede limited hunting licences.

At the other end of the world, emperor penguin &t during the very cold months of the
Antarctic winter as they huddle in rookeries. Thelerand females are reunited after the
coastal sea ice breaks up and the emperor pengaiimsccess to the marine life that
constitutes their diet.

Contrary to Al Gore’s claim, the emperor penguipylation is stable and the species is not
classed as endangered. There is no evidence ¢hateh or duration of Antarctic sea ice is
declining. There is no basis to the emotive cldiat the rookeries might “break apart and
drift out to sea, taking the penguins eggs andkshiath it".

For both polar bears and emperor penguins thegelsigthreat to survival is from human
encroachment. Hunting of polar bears, as with imgnaif any large species with low
population numbers and extensive habitat, will éwalhy lead to extinction. Emperor
penguins, in contrast, congregate in a few larg&enes whose isolation from human
interference is their security. Increasing humamtact, whether for scientific assessment or
tourism, increases the risk of biological or cheh@mntamination that could seriously
disrupt the delicate balance of the emperor pengfeirycle. Both species are well adapted to
their harsh climates, both have withstood majaonate changes of the past, and both have
survived global warming episodes of the past.

Direct human impacts

One of the truisms of life is that new technolodieisig new problems and this has been
abundantly clear since the beginnings of indussasibn. Direct burning of coal in early
foundries and steam engines was a source of snmokecxious pollutants. Widespread
availability of coal for home heating and cookied lto high levels of pollution over western
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cities and towns during the first half of thé"a@entury. Early motor vehicles were
accompanied by noxious tailpipe emissions thatrdmrted to urban smog.

In many places there is extreme environmental diegi@n that is causing deterioration in the
natural resource base on which communities depamithéir food and shelter. However it
would be unjust to suggest that the situationrissalt of lack of care by local communities.
Mostly the cause is poverty, social dysfunctiord #re lack of community organisation to
motivate and implement the building of better ptévand public infrastructures.

It is also generally true that in the past, as daat@ communities identified the causes of
local pollution, they have implemented measuramfmove their environment and amenity.
The raft of clean air, clean water and environmigntatection legislation attests to this.
Mindless exploitation is not a characteristic osteen development nor was it a characteristic
of early agriculture based societies. The iderttfan, development and implementation of
environmental standards are hallmarks of modereldpwment. People, by choice, prefer not
to live surrounded by unhealthy and unsightly rebland breathing a smog of noxious air.
The analogy of a frog failing to jump out of a pdten the heat is turned up is not valid. With
resources and appropriate infrastructure, andtitieterred by totalitarian edicts or social
dysfunction, people willingly work to improve andamtain their environment and amenity.

Many of the examples of environmental degradatian Al Gore attributes as early signs of
the impacts of global warming are nothing of the.doand clearing is human encroachment,
often to provide a resource base for the necessifiéfe. Such clearing that is going on in
many parts of the developing world is no differemthat which preceded farming and grazing
of Europe and East Asia over millennia, and mocemty North America and Australia.

Such clearing will impact on and destroy local gstams if no thought is given to
conservation and the environment. However thereramey lessons to be learned from nature
reserves, connecting habitat corridors and on-fandcare measures that are being adopted
as an holistic approach to the managed environment.

Species extinction, land degradation, waste accationland noxious Smog are not consistent
with modern development in democratic countriesn@uwinity planning that balances the
productivity of land and water resources with aaugble resource base is what epitomises
and is the real hallmark of western developmenGéie waxes lyrically about the romance
of the wilderness, and wilderness and nature coasen have their place. But wilderness is
essentially unproductive. Recent promotions of cmism as an economic use suggests that
wilderness should be conserved as the playgrouttteaich who can afford expensive high-
tech adventure and survival gear. A balance hbae efined between the needs of nature
conservation and the most productive use and aynehihanaged lands for community
benefit.

As the human population numbers increase it witittwe to put pressure on the Earth’s
resources. There is ongoing pressure to expardreetits and agricultural lands into
presently designated conservation and wildernesssaiHowever this issue, while important,
is not directly related to carbon dioxide emissionsheir impact on climate change. Carbon
dioxide is not a pollutant but an essential compooé the biosphere. There is no evidence
that increased concentrations of carbon dioxidberatmosphere will lead to dangerous
climate change that threatens the biosphere.
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CONCLUSION

in a global movement for decarbonising societiésgtructure. Burning of fossil

fuels, the essential energy source of modern sesjgiroduces carbon dioxide
emissions to the atmosphere and it is claimeduhednstrained usage will lead to dangerous
global climate change. The predicted apocalyptjgaats include melting of polar ice sheets
and raising sea level by several metres; more dhtsuand heatwaves; more storms and
floods; poleward spread of tropical diseases; arghcts on the biosphere including
widespread loss of species.

A | Gore’s book and filmAn Inconvenient Trutthave assumed the vanguard position

The alarmist claims about dangerous human-causédlgivarming are based on a number of
fundamental misconceptions. These include:

* The belief that the climate system was essentiadhanging prior to
industrialisation and the observed warming of t68 @ntury is therefore unusual
and directly attributable to carbon dioxide emissio

* The misinterpretation of measured linear trends nfimber of geophysical and
biophysical indicators over recent decades as fixedr trends that will continue
indefinitely; these changes are not seen as pasdtafal multi-decadal or centennial
scale variability.

* The misinterpretation of observed changes in clengeophysical and biological
characteristics of recent decades, including wtiexg have their origins in the
emergence of Earth from the Little Ice Age of betw@& 600 and 1800, as being
directly attributable to human activities.

* The acceptance of the more extreme computer modjeigions of global surface
temperature increase as being realistic, and thepotation of these to catastrophic
outcomes, including destruction of much of the &xgspolar ice, sea level rise of
several metres, and widespread species loss immaexavorld.

Al Gore and his fellow doomsayers fail to acknovgedhe natural variability of the climate
system that has produced major change in the @gstcially the expansion and contraction
of polar ice sheets and mountain glaciers, and plesge too much credence on what are still
rudimentary computer models.

There has been a change in the climate over the@@tury but the changes are within the
bounds of the cyclic fluctuations recorded in imgelrs and ocean floor sediments that span
more than a million years of the recent past. IddeEmperatures are not as warm as they
were during the early Holocene (10,000 to 5,000s/ego) or during the peak warmth of the
previous interglacial (about 125,000 years ago)ndisignificant area of the Greenland’s ice
mass melted and sea level was several metres abesent levels.

The reasons for the fluctuations of Earth’s climater past few million years are not well
understood but it is generally believed that tredgite to a combination of factors, including:

* the Earth’s changing orbital characteristics ttatthe seasonal and spatial
distribution of solar energy;

* variability of the Sun’s irradiance, cosmic rayeinsity and magnetic output; and
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* internal variability of the interacting ocean arichaspheric circulations as they
constantly transport energy from the tropics tapoégions.

The issues about carbon dioxide are whether oremeint global warming and other apparent
climate trends since industrialisation have beersed by the increasing concentration of
carbon dioxide in the atmosphere, and whether gllEansion of industrialisation will

cause further and dangerous global warming. Onkeofundamental problems preventing
resolution of these issues is that there is na clederstanding of what the greenhouse effect
actually is. There is a range of confused simglistetaphors for the greenhouse effect in the
public domain but these do not explain how it comiasut. There is then a leap of faith to the
outputs of computer models. This allows alarmistehic to be propagated through the media
to an uncritical public and policy makers.

The greenhouse effect is the combination of presessthe climate system that maintain the
Earth’s surface at a warmer temperature (abof@)ithen the temperature required (Qp

for radiation equilibrium with the Sun. Severalfdient simple metaphors are used for
describing the greenhouse effect. These metapbous fprimarily on the absorption of
infrared radiation. Some suggest that it is theogii®on of infrared radiation by the
atmosphere that keeps the Earth warm; others,dmguAl Gore, regard the absorption of
back infrared radiation from the atmosphere aptbeess that keeps the Earth warm. Such
explanations are deficient because net infraretiad loss causes both the atmosphere and
Earth’s surface to cool. The explanations ignoheioimportant processes of the climate
system energetics, especially the Earth-atmosmrenegy exchange by conduction and
evaporation and the role of deep tropical convedtiat distributes heat through the
atmosphere from the surface. These inadequateratjgas lead to false logic when it comes
to quantifying the impact of increasing carbon d@iexconcentration.

A complete explanation of the greenhouse effeatireg an holistic model that recognises the
latitudinal imbalance of the Earth’s radiation, wéxcess solar energy input over the tropics
and excess infrared radiation to space over miaadehigh latitudes. The explanation must
also recognise that solar radiation is absorbedemds to accumulate at the Earth’s surface
(of which seventy percent is ocean) and theretisnfiared radiation loss from the
atmosphere that tends to cool the atmosphere.efiéigy disconnect between the surface and
the atmosphere and between the tropics and pgem®means that there are additional
processes that are important for explaining theptmature distribution of the climate system.
The additional processes include the surface-ath@spenergy exchange by conduction and
evaporation; convective overturning of the atmosphend transport of excess energy from
the tropics to high latitudes by the atmospher@ @acean circulations. A simple radiation
model cannot explain the Earth’s greenhouse effect.

The holistic model of the climate system recogntbas:

* the surface temperature, especially over the wdrtragscal oceans, is constrained
by evaporation as energy is transferred from tiiase to the boundary layer,

* the temperature decrease with height in the atmewegh constrained to the moist
adiabatic lapse rate because of the need for comweeaverturning that is essential
for the distributing heat and latent energy throtlghtroposphere from the
boundary layer, and
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* temperatures over middle and high latitudes arelaged by the rate of transport of
excess energy from the tropics by the atmosphadaaean circulations.

In assessing the future impact of industrialisatianust also be recognised that carbon
dioxide concentration has only limited additiorrapiact on the greenhouse effect. Most of the
greenhouse effect of carbon dioxide is due toitise 50 ppm of the gas in the atmosphere.
The reduction in the Earth’s infrared radiatiorspace from a doubling of carbon dioxide
concentration (the radiation forcing) will be lekan 4 W/m. The temperature increase in the
middle and high troposphere necessary to restdiati@an balance (ie, to restore the effective
emission temperature) is less than 1 degree Coughrthe convective adjustment process,
such a temperature increase in the middle andtroglosphere translates to a requirement to
raise the surface temperature by between 0.3 &de@yrees C. Even with water vapour
feedback that amplifies the direct forcing of carlddoxide, a rise in surface temperature of
less than 1degree C is the most warming that shzeilhticipated from the expected
doubling of carbon dioxide concentration late ia 81" century.

Computer models, which alarmists rely on for tligiomsday scenarios, project a much
greater range of global warming by the end of ttié&ntury — between 1°@ and 5.8C.
Modellers suggest that the sensitivity of the msdeleal and due to positive feedbacks
through the interaction of clouds and water vap@ater vapour feedback is positive but
likely only relatively small in magnitude becaubke tncreased water vapour concentration of
a warmer troposphere is constrained to the lowersaand will not contribute significantly to
raising the height of the effective emission lefegld the greenhouse effect). The theoretical
grounds for cloud amplification of the direct glblaarming from increasing carbon dioxide
concentration are controversial. The relatively ketaanges to the global pattern of cloud
structure and height over recent decades are ezpligs to their potential impact on global
temperature.

The range of global warming projections from thigedént computer models underscores the
uncertainties associated with climate model consitno. It is likely that the exaggerated
sensitivities of computer models are due to biaselsinaccuracies in the specification of
relationships in the physics of small-scale proegssspecially those relating to clouds but
also those relating to surface-atmosphere exchaiheeergy. These biases and inaccuracies
propagate through the non-linear climate systemaamplify with time. It is not possible to
distinguish between a real anthropogenic globahviag signal and the sensitivities of the
simulation to internal approximations and simpétions.

It is on the basis of extreme computer model ptajas that Al Gore bases his claim that the
Greenland and West Antarctic ice sheets will degrdte and melt, raising sea level up to 6 m
higher than now causing coastal and low-lying snsédhd inundation. The computer
projections are also the basis for claims thaintensity and frequency of drought, floods,
hurricanes and other extreme weather events wilease.

There is no observational evidence to support AleGaclaims of dangerous climate change.
Melting of the Greenland and West Antarctic iceegseeeannot be detected apart from the
lower coastal margins of Greenland and from theafatic Peninsula region. The observed
changes are not unusual and not sufficient to hadetectable effect on sea level. The
analysed sea level rise of approximately 2 mm/fiaarbeen nearly constant through th8 20
century and cannot be considered dangerous.
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Al Gore’s concern for coral reefs, polar bears amgeror penguins, as victims of human
caused climate change, is misplaced. These, anyg other species, are potentially
endangered by human encroachment on habitats amdcfiemical and biological pollutants
contained in urban and agricultural storm wateofumto the marine environment. The
species have generally survived the relativelydasgings of climate in the past and will
survive future fluctuations as well.

Human activities since industrialisation have cdusencentrations of carbon dioxide in the
atmosphere to increase. It is likely that conceiuing are higher now than at any time in the
past few million years but they are significan#g$ than during the evolution of much of
Earth’s flora and fauna over hundreds of milliony@ars. Carbon dioxide is not a pollutant
and the growth of many flora species responds faly to higher carbon dioxide
concentrations. Elevated levels of carbon dioxigeused in many glasshouses to enhance the
growth of horticultural crops.

The scare-mongering that climate change, any céiralaange, will lead to widespread species
loss is a denial of the innate robustness of nmueaties, even those in relatively small
numbers or confined to small regional domains. @kerpast hundreds of millions of years,
as species have evolved, the Earth has been bothewvand wetter and colder and drier. The
robustness of species is underscored by survivaligh the glacial-interglacial cycles of the
past million years as land ice has expanded anlacted and ocean surface temperatures
have cooled and warmed. Just as the boreal fadstsced poleward following the retreat of
the ice sheets so too the biosphere flourished p@rapective of these areas is as if through
tinted glasses because we are in a time of neaimmaxretreat of the ice sheets.

The evidence is that the expected near doubliragrbspheric carbon dioxide concentration
over the 2% century will have inconsequential impact on clieakhe real issues are the need
to develop alternative energy sources as the gaséguid and solid fossil fuel resources
become depleted, and the direct impact of humarteehiosphere through encroachment
and discharge of chemical and biological pollutaAtsSore’s rhetoric and hyperbole deflect
our attention and his claimed ‘solutions’ do nothin reduce the impacts of weather and
climate extremes or promote vital future energyuséc END
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