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Submission to Northern Australia Taskforce 
 

from 
 

Dr. A. Barrie Pittock, PSM 
Honorary Fellow, CSIRO Marine and Atmospheric Research 

Author of: Climate Change: Turning Up the Heat, and 
Editor of: Climate Change: An Australian Guide to the Science and Potential Impacts 

Note: This submission is a personal one, and does not necessarily represent the views of 
CSIRO. 

 
Your enquiry raises many questions. It is not possible to give considered opinions in each 
of them in a short submission, so I will refer to some attachments that you may wish to 
read. 
 
1. Regarding the potential climate change and its impacts I refer you to two papers of 
mine recently published in Water, the journal of the Australian Water Association. These 
summarise likely changes in water supply arising from climate change this century. 
These changes will be large and complex, with drying trends in southern and eastern 
Australia likely, and a less certain increase in rainfall in northern Australia.  
 
Higher temperatures in northern Australia will in general increase evaporation and 
drought stress in the dry season and rainfall intensities in the wet season, with possibly 
increased fire frequency and intensity in dry spells in the dry season, and increased soil 
erosion as a result of consequent loss of vegetative cover after fires and following more 
intense rainfall events. Complications arise from the direct effects of increasing carbon 
dioxide concentrations on vegetation growth, and of particulate pollution on monsoon 
intensity. Tropical cyclones are likely to become more intense, with resultant increased 
damages and flooding rains. 
 
2. Climate changes and sea level rise are already tracking in recent decades along the 
upper end of the range of uncertainty in the projections of the Intergovernmental Panel on 
Climate Change in its 2007 Fourth Assessment Report. In general, observations indicate 
that changes are happening faster than predicted in most climate models, and sea-level 
rise faster than in most models, due to established glaciological processes not yet 
included in sea-level rise modelling. The reasons for this, and the documentation can be 
found in the two attached papers entitled “Chapter 1: Ten Reasons Why Climate Change 
May be More Severe than Projected” and “Global Warming: The Climate Science 
Perspective”. For example, surface melt-water in Greenland penetrates via crevasses to 
the bottom of outlet glaciers, lubricating outflow and increasing rates of sea-level rise, 
but this is not in glaciological models. 
 
3. Possible sea-level rise is in my view uncertain but likely to exceed 1 meter by 2100, 
and could be several meters. This will have major impacts on coastal settlements and 
wetlands, affecting infrastructure, natural ecosystems, and the tourist industry. 
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4. Major opportunities will arise to develop large power generation facilities using 
renewable sources for export of energy to more populated parts of Australia or to SE 
Asia. This is possible now that highly efficient electricity distribution systems exist such 
as the Basslink cable. These can transmit electricity over many thousands of km with 
very small losses, using high voltage direct current cables. As an example, I refer you to 
the attached summary paper on a European proposal to supply the whole of Europe’s 
electricity needs by 2050 from renewable power stations in Europe, the Middle East and 
North Africa, known as the TREC proposal.  
 
Costings of the TREC proposal suggest that it could be economic if a small price is paid 
for carbon emissions. Moreover, such developments in northern Australia would provide 
local employment, especially valuable in existing remote indigenous communities that 
need an economic basis. Surplus electricity in northern Australia could be the basis for 
exporting hydrogen fuel for use in fuel cells in motor vehicles in SE Asia. 
 
 The basis of such development would be large resources of sunshine, wind and tidal 
power, plus geothermal energy in some limited regions, especially inland. Large-scale 
developments such as solar-thermal or wind farms might be possible and welcome in 
northern Australia, when they are subject to “not in my backyard” type opposition in 
more closely settled regions. Wide dispersal of sources would help to counter problems 
of intermittency of power generation, while thermal storage could also alleviate that 
problem, as would generation of hydrogen fuel. 
 
5. My two books on climate change will also provide useful background to the general 
problems and sources of detailed material. My book for CSIRO Publishing has an 
extensive set of endnotes available on the website www.publish.csiro.au/pid/4992.htm. 
The other book is available on the Australian Greenhouse Office website, 
http://greenhouse.gov.au/science/guide/index.html. I am currently updating the CSIRO book 
for a second edition. 

http://www.publish.csiro.au/pid/4992.htm
http://greenhouse.gov.au/science/guide/index.html
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To appear in: Climate Institute, 2007. Sudden and Disruptive Climate Change: Its likelihood, 
Character and Avoidance, ed. Michael C. MacCracken, John C. Topping and Frances Moore, 
Earthscan Publications, London. 
 

Chapter 1 
 

Ten Reasons Why Climate Change May be More Severe than Projected1 
 

Barrie Pittock 
Commonwealth Scientific and Industrial and Research Organisation 

Aspendale, Australia 
 

Uncertainties in climate change science are inevitably large. They arise from questions of data 
quality, inadequate understanding of the climate system and its representation in climate models, 
and uncertainties about future emissions of greenhouse gases resulting from socio-economic and 
technical developments. Policies therefore must be based on risk management, that is, on 
consideration of the probability times the magnitude of any deleterious outcomes for different 
scenarios of human behavior (Schneider, 2001; Jones, 2004; Kerr, 2005a; Pittock, 2005). We do 
not insure our house for the coming year because we are certain it will burn down, but because 
there is a small chance that it might, with serious consequences for our finances. Better flood 
protection for New Orleans should have been built before 2005 (Fischetti, 2001), not because it 
was certain New Orleans would be flooded in 2005, but because it might have been. 
 
When taken together, the ten areas of concern described below, each based on observations and 
modeling studies, strongly suggest that the risk of more serious outcomes is greater than was 
understood previously. 
 
New evidence suggesting more rapid climate change 
 
(i) The climate sensitivity may be larger than has been traditionally estimated 
 
In its Third Assessment Report (IPCC, 2001) the Intergovernmental Panel on Climate Change 
(IPCC) assumed that the climate sensitivity (the global warming after a doubling of the 
preindustrial carbon dioxide concentration) is in the range of 1.5ºC to 4.5ºC. However, recent 
estimates of the climate sensitivity, mostly based on modeling, constrained by recent or 
paleoclimatic data, suggest a higher range, around 2ºC to 6°C (Annan and Hargreaves, 2006; 
Hegerl et al., 2006; Murphy et al., 2004; Piani et al., 2005; Stainforth et al., 2005; Torn and 
Harte, 2006). The only exception is a paper by Forster and Gregory (2006), which provides one 
of the lowest estimates of climate sensitivity, 1.0ºC to 4.1ºC. However, it is based on only eleven 
years of data from the Earth Radiation Budget Experiment, and the results may not be 
representative of longer time scales at which some major feedback mechanisms come into play. 
 

                                                 
1 This paper is an expansion of an article published in EOS, “Are scientists underestimating climate change?” vol.87 
(34, 22 August 2006) © American Geophysical Union. 

 



Barrie Pittock Page 2 12/10/2007 

Overall, these estimates throw doubt on the low end of the IPCC (2001) assumed range and 
suggest a much higher probability of global average surface warmings by 2100 exceeding the 
midlevel estimate of 3.0ºC above pre-industrial that many scientists consider may lead to 
“dangerous” levels of climate change (Schellnhuber et al., 2006). 
 
(ii) Global dimming is large but decreasing 
 
Atmospheric particles (aerosols) reduce the amount of sunlight at the Earth’s surface. The 
resulting ‘global dimming’ has delayed warming of the oceans (Delworth et al., 2005), especially 
in the Northern Hemisphere. With stricter controls leading to reductions in emissions of particles 
and precursor compounds (Pinker et al., 2005; Bellouin et al., 2005; Wild et al., 2005), the 
decreasing atmospheric loading of aerosols is leading to a decreasing cooling influence on the 
climate. Because aerosols have a short lifetime in the atmosphere, this cooling effect of aerosols 
is highly responsive to reductions in sulfur emissions (Andreae et al., 2005). In that the highest 
aerosol loading is in the Northern Hemisphere, reductions in global dimming are likely to have 
asymmetric effects, leading to greater warming in the Northern Hemisphere and to changes in 
cross-equatorial flows such as the Australian monsoon (Rotstayn et al., 2006) and the circulation 
in the Atlantic Ocean (Cai et al., 2006). 
 
By contrast, emissions of carbon dioxide (CO2) and other greenhouse gases exert a long-term 
warming influence because of their long lifetimes and the resulting cumulative effect on their 
concentrations. As a result, reductions in global dimming will lead to greater warming even if the 
emissions of greenhouse gases are cut back. 
 
(iii) Permafrost melting and albedo changes 
 
Observations show rapid melting of permafrost, or frozen ground (Arctic Climate Impact 
Assessment, 2004; Nelson, 2003; Overland, 2006), which is expected to increase (Lawrence and 
Slater, 2005). Melting changes the reflectivity, or albedo, of the surface (Chapin et al., 2005; 
Foley, 2005), and this will likely lead to emissions of CO2 and methane previously stored in 
frozen soils. These are positive feedback effects that may have been underestimated. Where 
permafrost is replaced by swampland, methane is likely to be emitted, but where it is replaced by 
dry soil, CO2 is more likely to be emitted. Changes wrought by global warming in the Arctic are 
complex and pervasive (Hinzman et al., 2005). Increased vegetation cover will tend to further 
reduce the albedo, especially when there is snow on the ground, but may take up more CO2 from 
the atmosphere, at least until the carbon is released by fire. 
 
Satellite data over the period 1984-1999 indicate a significant decreasing trend in surface albedo 
over high latitudes in the North American region, but this trend is not simulated in climate 
models (Wang et al., 2006). This suggests that the representation of surface albedo feedbacks in 
these climate models might be too weak, at least in the studied region. 
 
(iv) Biomass feedbacks are kicking in 
 
Saturation of terrestrial carbon sinks, and potential destabilisation of large biospheric carbon 
pools are possible (Canadell et al., 2007). Observations of soil and vegetation acting as sources 
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rather than sinks of greenhouse gases (Bellamy et al., 2005; Raupach et al., 2006) suggest an 
earlier-than-expected (Friedlingstein et al., 2001; Matthews et al., 2005) positive feedback in the 
terrestrial carbon cycle (Gruber et al., 2004; Scheffer et al., 2006). Angert et al. (2005) attribute 
an observed decreased summer uptake of CO2 in middle and high latitudes to hotter and drier 
conditions, which cancels out increased uptake in warmer springtimes. This net loss in carbon 
has been observed at ground level in some regions under extreme warm conditions (Ciais et al., 
2005), and such conditions are expected to occur more frequently in the future (Stott et al., 
2004). 
 
Other factors that may lead to a more rapid global warming include reduced sequestration of 
root-derived soil carbon (Heath et al., 2005), overestimates of responses to ambient CO2 
increases (Kilronomos et al., 2005), and forest and peat fires (Page et al., 2002; Aldhous, 2004; 
Langmann and Heil, 2004; Westerling et al., 2006) exacerbated by land clearing and draining of 
swamps. Based on data from one forest fire in Alaska, Randerson et al. (2006) suggest that 
increased surface albedo following boreal forest fires may in fact outweigh the increase in 
radiative forcing due to the CO2 emitted in the fires. However, the general applicability of this 
result remains highly uncertain. 
 
The recent high growth rates in the atmospheric CO2 concentration reported by Francey (2005) 
appear to be persisting through 2004–2005 (David Etheridge, CSIRO, personal communication, 
2006) and may be linked to the regional surface observations (Langenfelds et al., 2002). Present 
indications are that emissions, sea level rise and global surface temperatures are all tracking 
along the highest of the range of estimates from the IPCC’s Third Assessment Report (Rahmstorf 
et al., 2007). 
 
(v) Arctic sea ice is retreating rapidly 
 
Rapid recession of arctic sea ice has been observed, leading to an acceleration of global warming 
as reduced reflection of sunlight increases surface heating (Gregory et al., 2002; Comiso and 
Parkinson, 2004; Lindsay and Zhang, 2005; NASA, 2005; Stroeve et al., 2005; NSIDC, 2005, 
2006; Comiso, 2006; Overland, 2006; Serreze and Francis, 2006; Wang et al., 2006). Some 
scenarios have the summertime Arctic Ocean becoming ice-free by the end of the century. 
Comiso (2006) notes that the average area of perennial ice has recently been declining at a rate 
of 9.9% per decade, with large inter-annual variability of ice cover. There have also been longer 
seasonal melt periods, for the sea ice as well as the Greenland Ice Sheet and other land areas, 
especially since 2002. Serreze and Francis (2006) argue that the Arctic is presently in a state of 
‘preconditioning,’ setting the stage for larger changes in coming decades. They state that 
“extreme sea ice losses in recent years seem to be sending a message: the ice-albedo feedback is 
starting.” 
 
How serious and irreversible this and other potential “tipping points” in the climate system may 
be is a complex question, discussed thoughtfully in a review by Walker (2006). If a positive ice-
albedo feedback kicks in to accelerate regional or global warming, it might contribute to other 
parts of the climate system also reaching critical points, notably the Greenland Ice Sheet and the 
North Atlantic thermohaline circulation (see below). 
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(vi) Changes in air and sea circulation in middle and high latitudes 
 
Different rates of warming at low and high latitudes in both hemispheres have led to increasing 
sea level pressure in the middle latitudes and a poleward movement of the middle latitude 
westerlies (that is, a more positive ‘northern or southern annular mode’) (Cai et al., 2003; Gillett 
et al., 2003; Marshall, 2003). This partly explains the observed and projected drying trends in 
winter rainfall regimes in Mediterranean-type climatic zones in both hemispheres (Pittock, 
2003). 
 
This change has also strengthened the major surface ocean circulations, including the Antarctic 
Circumpolar Current (Cai et al., 2005; Cai, 2006; Fyfe and Saenko, 2006). These changes will 
significantly affect surface climate, including sea surface temperatures and storminess (Fyfe, 
2003), and may already have accelerated melting in Antarctica (Carril et al., 2005; Marshall et 
al., 2006) and preconditioned the South Atlantic for the formation of tropical cyclones (Pezza 
and Simmonds, 2005). 
 
The strengthening of the annular modes, if due to enhanced greenhouse gas forcing alone, 
appears to have been under-predicted in climate models (Gillett, 2005), but may be explained by 
the additional forcing effects of stratospheric ozone depletion (Cai and Cowan, 2007) that has 
now levelled of and may decline on a timescale of several decades. 
 
(vii) Rapid changes in Antarctica 
 
Rapid disintegration of ice shelves around the Antarctic Peninsula, and subsequent acceleration 
of outlet glaciers point to the role of surface meltwater in ice shelf disintegration (Scambos et al., 
2000; Rignot et al., 2004; Thomas et al., 2004; Cook et al., 2005; Dupont and Alley, 2006) and 
to the role of ice shelves in retarding glacier outflow. The Larsen B Ice Shelf collapsed 
spectacularly in 2002, following Larsen A and the Prince Gustav Channel Ice Shelf both 
collapsing in 1995. Satellite observations clearly document that the sequence of the Larsen B Ice 
Shelf collapse involved the sudden disappearance of surface meltwater pools, followed 
immediately by the opening of crevasses and the break-up of the ice shelf over a period of a few 
weeks. Paleo-data indicates no previous collapse of the Larsen B Ice Shelf in the Holocene (the 
period since the last glaciation) although some other small ice shelves have shown earlier retreats 
(Hodgson et al., 2006). 
 
Warm intermediate-depth water may also be penetrating below ice shelves and outlet glaciers 
such as Pine Island Glacier in West Antarctica, melting the ice from the bottom, weakening the 
floating ice, and reducing resistance to glacier outflow (Bindschadler, 2006). 
 
Strengthening and warming of the Antarctic Circumpolar Current (Cai et al., 2005; Carril et al., 
2005; Fyfe and Saenko, 2006) may accelerate Antarctic ice sheet disintegration by enhancing 
local warming, preventing sea ice formation, and undercutting ice shelves (Goosse and Renssen, 
2001; van den Broeke et al., 2004; Carril et al., 2005). This hypothesis is supported by an 
observed link between the Southern Annular Mode (which is responding to anthropogenic 
forcing) and local warming, especially along the east coast of the Antarctic Peninsula (Marshall 
et al., 2006). 
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Recent modeling of the effect of global warming on the West Antarctic Ice Sheet does not appear 
to incorporate any of the above mechanisms (Greve, 2000; Gray et al., 2005). 
 
Some indirect observations suggest that Antarctic sea ice extent is already in decline (Curran et 
al., 2004), although shorter direct observations are less clear. Radar observations (Zwally et al., 
2005) and satellite gravity surveys show Antarctica to be losing mass (Velicogna and Wahr, 
2006), while a major recent study suggests that the expected increase in snowfall in central 
Antarctica due to greater moisture in the lower atmosphere (Krinner et al., 2007), which might 
have contributed to a slowing of sea level rise, has not occurred (Monaghan et al., 2006). This is 
despite observed warming of the Antarctic winter troposphere (Turner et al., 2006). 
 
(viii) Rapid melting and faster outlet glaciers in Greenland 
 
The Greenland Ice Sheet is at a generally lower latitude than Antarctica and has widespread 
marginal surface melting in summer. The area of surface melting has rapidly increased in recent 
years, notably since 2002 (NASA, 2003, 2006). Penetration of this meltwater through moulins 
(crevasses and tunnels in the ice) to the lower boundary of the ice is thought to have lubricated 
the flow of ice over the bedrock and led to accelerated glacier flow rates (Alley et al., 2005; 
Dowdeswell, 2006; Fountain et al., 2005; Hansen, 2005; Kerr, 2006; Rignot and Kanagaratnam, 
2006; Thomas et al., 2006). Melting of tidewater glaciers from the bottom, pushing back the 
grounding line, may also be contributing to acceleration of flow (Bindschadler, 2006; Kerr, 
2006). 
 
Outlet glaciers have accelerated rapidly in recent years, with Rignot and Kanagaratnam (2006) 
reporting from satellite radar interferometry that widespread acceleration occurred south of 66ºN 
between 1996 and 2000, expanding to 70ºN in 2005. Accelerated discharge in the west and, 
particularly, in the east more than doubled the outflow from 90 to 220 cubic kilometres per year. 
Thomas et al. (2006), using laser altimeter measurements, report that net mass-loss from 
Greenland more than doubled between 1993/4 – 1998/9 and 1998/9 – 2004. 
 
These observational results indicate mass losses considerably faster than were modeled by 
glaciologists using models which did not take account of the recently identified mechanisms of 
meltwater lubrication and tidewater glacier undercutting (Huybrechts and de Wolde, 1999; 
Greve, 2000; Ridley et al., 2005). Indeed, Hansen (2005) suggests that various other positive 
feedbacks may come into play as the ice sheet slumps, most notably that more precipitation on 
the ice sheet interior will fall in summer as rain rather than snow, thereby accelerating the effect 
of surface melting and bottom lubrication. At present marginal areas are slumping, but the high 
plateau is still accumulating mass. This may change in the future. 
 
Simulations and paleo-climatic data indicate that Greenland and Antarctica together contributed 
several meters to sea level rise at 130,000 to 127,000 years ago, a time when global temperatures 
were about the same as presently projected for 2100 (Overpeck et al., 2006; Otto-Bliesner et al., 
2006). Overpeck et al. (2006) conclude that peak rates of sea level rise may well exceed 1 meter 
per century, and that this may be strongly related to warming of the upper 200 m of the ocean 
producing rapid thinning of ice shelves (and, presumably, tidewater glacier outlets) from below. 
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(ix) Tropical cyclones may already be more intense 
 
Some observational analyses point to a rapid intensification of tropical cyclones over recent 
decades (Emanuel, 2005a; Webster et al., 2005; Hoyos et al., 2006). However, modeling of 
tropical cyclone behavior under enhanced global warming conditions (Knutson and Tuleya, 
2004; Walsh et al., 2004) suggests only a slow increase in intensity that would not yet be 
detectable given natural variability. This is more in line with the analysis by Trenberth (2005). 
 
The record hurricane season of 2005 in the Caribbean region has prompted debate on whether 
the modeling or more extreme observational analyses are more likely correct (Emanuel, 2005b; 
Kerr, 2005b; Pielke et al., 2005; Anthes et al., 2006; Klotzbach, 2006; Witze, 2006; American 
Meteorological Society, 2006). While the observations have their limitations (Pielke, 2005; 
Landsea, 2005), and have been revised in new analyses, it is also clear that the modeling to date 
has not been at sufficient horizontal resolution to capture the details of tropical cyclone behavior 
(Schrope, 2005), nor perhaps the effects of subsurface warming of the ocean. According to Pezza 
and Simmonds (2005), the first recorded South Atlantic hurricane may be linked to global 
warming. 
 
(x) Variations in the North Atlantic Ocean circulation and salinity 
 
The North Atlantic has a complex current system, with the largely wind-driven Gulf Stream 
splitting into the North Atlantic Current that heads north-east into the Norwegian Sea, and a 
subtropical recirculating arm, known as the Azores and Canary Currents, which turns south. 
Relatively warm, but highly saline, surface water in the northern arm tends to sink to a depth of 
several kilometers in three regions - the Labrador Sea, south of Iceland and between Greenland 
and Norway. The north-flowing arm transports heat from low latitudes to high latitudes, tending 
to warm northwestern Europe. 
 
Bryden et al. (2005) reported a significant slowing of this regional sinking, or ‘meridional 
overturning’ circulation, supporting other observations discussed by Quadfasel (2005), 
Schiermeier (2006) and Levi (2006), although these commentators raise questions about the 
representativeness of the limited data set used by Bryden et al. (2005). Bryden et al. found that 
the northward transport in the Gulf Stream at 25ºN was unaltered, but there was an increase in 
the southward flowing surface waters and a corresponding decrease in the southward flowing 
North Atlantic Deep Water between 3,000 and 5,000 m in depth. 
 
However, Bryden is reported (Kerr, 2006) as later finding that there were other large variations 
in flow, suggesting that the earlier reported slowing might in fact be part of the natural variability 
of the system (see also Bryden et al., 2006). 
 
Any slow-down occurred despite the impact of aerosol-induced cooling, which acts to protect the 
overturning. The Cai et al. (2006) and Delworth and Dixon (2006) studies suggest that without 
the “protective” effect of aerosols the slow-down would be 10% greater, indicating a future 
acceleration of slow-down as aerosols decrease. 
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Such changes have long been projected in climate models, but most models suggest that 
significant slowing or collapse of this heat transport system is not likely until well into the 
twenty-first or twenty-second century (Kerr, 2005a), if at all. The slowdown in overturning could 
be related to observed significant freshening of the surface waters in the Arctic Ocean (Curry et 
al., 2003) due to increased precipitation (Josey and Marsh, 2005), increased river inflow (Labat 
et al., 2004; Peterson et al., 2002), and recently increased ice-melt from Greenland and other 
glaciers (Rignot and Kanagaratnam, 2006; Swingedouw et al., 2006; and Thomas et al., 2006). 
 
Paleo-climatic records, and records over the last millennium (Lund et al., 2006) suggest that a 
tight linkage exists between the Atlantic Ocean circulation, temperatures in the North Atlantic 
region, and the hydrologic cycle. 
 
Discussion 
 
The above lines of evidence (supported by well over 100 recent scientific papers), while not 
definitive and in some cases controversial, suggest that the balance of evidence may be swinging 
toward more extreme global warming and sea-level rise outcomes. While some of the 
observations may be due merely to natural fluctuations, their conjunction and in some cases 
positive feedbacks (from permafrost melting, biomass changes, arctic sea ice retreat, and melting 
of Greenland) are causes for concern. Some of the links between major elements of the climate 
system are shown in Figure 1. Several of these links indicate positive feedbacks. Overall they 
illustrate the need to consider the whole system, not just its individual parts in isolation. 
 
The observations and linkages suggest that critical levels of global warming may occur at even 
lower greenhouse gas concentrations and/or anthropogenic emissions than was considered 
justified in the IPCC (2001) report. The observed changes in Greenland and Antarctica suggest 
that a more rapid rise in sea level may be imminent, as has been observed in recent years 
(Church and White, 2006; Rahmstorf, 2007). Indeed, Rahmstorf et al. (2007) find that emissions, 
global surface temperature and sea level rise are all increasing at rates at the very highest end of 
the IPCC range. Several of the points above suggest rapidly occurring regional impacts are 
imminent. Taken together, these recent developments increase the urgency of further improving 
climate models, and of taking action to reduce emissions in order to avoid the risk of 
unacceptable levels of climate change (see also National Research Council, 2002; Pittock, 2006; 
Schellnhuber et al., 2006; Steffen, 2006; and Time Magazine, 2006). 
 
A responsible risk management approach demands that scientists describe and warn about 
seemingly extreme or alarming possibilities, for any given scenario of human behavior (such as 
greenhouse gas emissions), if they have even a small probability of occurring. This is recognized 
in engineering design (for instance for the safety of dams and bridges) and in military planning 
(where large resources are devoted to guarding against, and deterring hopefully unlikely threats) 
and this practice is also commonplace in the insurance sector. The object of policy-relevant 
advice must be to avoid unacceptable outcomes, not to determine the most likely outcome. 
 
The recent developments discussed above might simply mean that the science is progressing. 
However, it also may suggest that up until now many scientists have consciously or 
unconsciously downplayed the more extreme possibilities at the high end of the uncertainty 
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range in an attempt to appear moderate and ‘responsible’ (that is to avoid scaring people). 
However, true responsibility requires providing evidence of what must be avoided: to define, 
quantify, and warn against possible dangerous or unacceptable outcomes. 
 
References 
 
Aldhous, P., 2004: Borneo is burning, Nature, 432, 144–146. 

Alley, R. B., P. U. Clark, P. Huybrechts, and I. Joughlin, 2005: Ice-sheet and sea-level changes, 
Science, 310, 456–460. 

American Meteorological Society, 2006: Is global warming impacting, or expected to impact, 
hurricanes? Science Seminar Series, October 20, 2006. See 
www.ametsoc.org/atmospolicy/environmentalsssarchives.html. 

Andreae, M. O., C. D. Jones, and P. M. Cox, 2005: Strong present-day aerosol cooling implies a 
hot future, Nature, 435, 1187–1190. 

Angert, A., S. Biraud, C. Bonfils, C. C. Henning, W. Buermann, J. Pinzon, C. J. Tucker, and I. 
Fung, 2005: Drier summers cancel out the CO2 uptake enhancement induced by warmer springs, 
Proc. Natl. Acad. Sci., 102, 10,823–10,827. 

Annan, J. D., and J. C. Hargreaves, 2006: Using multiple observationally based constraints to 
estimate climate sensitivity, Geophys. Res. Lett., 33, L06704, doi:10.1029/2005GL025259. 

Anthes, R. A., R. W. Corell, G. Holland, J. W. Hurrell, M. C. MacCracken, and K. E. Trenberth, 
2006: Hurricanes and global warming—Potential linkages and consequences, Bull. Am. 
Meteorol. Soc., 87, 623–628. 

Arctic Climate Impact Assessment, 2004: Impacts of a Warming Arctic, Cambridge Univ. Press, 
New York. (Available at http://www.acia.uaf.edu) 

Bellamy, P. H., P. J. Loveland, R. I. Bradley, R. M. Lark, and G. J. D. Kirk, 2005: Carbon losses 
from all soils across England and Wales 1978–2003, Nature, 437, 245–248. 

Bellouin, N., O. Boucher, J. Haywood, and M. S. Reddy, 2005: Global estimate of aerosol direct 
radiative forcing from satellite measurements, Nature, 438, 1138–1141. 

Bindschadler, R., 2006: Hitting the ice where it hurts, Science, 311, 1720-1721. 

Bryden, H. L., H. R. Longworth, and S. A. Cunningham, 2005: Slowing of the Atlantic 
meridional overturning circulation at 25°N, Nature, 438, 655–657, doi:10.1038/nature04385. 

Bryden, H.L. and 10 others, 2006: Variability in the Atlantic meridional overturning circulation 
at 25ºN, see http://www.noc.soton.ac.uk/rapid/rapid2006/. 

Cai, W., 2006: Antarctic ozone depletion causes an intensification of the Southern Ocean 
supergyre circulation, Geophys. Res. Lett., 33, L03712, doi:10.1029/2005GL024911. 

Cai, W., D. Bi, J. Church, T. Cowan, M. Dix, and L. D. Rotstayn, 2006: Pan-oceanic response to 
increasing anthropogenic aerosols: Impacts on the Southern Hemisphere oceanic circulation, 
Geophys. Res. Lett.,33, L21707, doi:10.1029/2006GL027513. 

Cai, W., and T. Cowan, 2007: Trends in Southern Hemisphere circulation in IPCC AR4 models 
over 1950-1999: Ozone-depletion vs. greenhouse forcing, J. Clim., 20, 681-693. 

 

http://www.ametsoc.org/atmospolicy/environmentalsssarchives.html


Barrie Pittock Page 9 12/10/2007 

 
Cai, W., G. Shi, T. Cowan, D. Bi, and J. Ribbe, 2005: The response of the Southern Annular 
Mode, the East Australian Current, and the southern midlatitude ocean circulation to global 
warming, Geophys. Res. Lett., 32, L23706, doi:10.1029/2005GL024701. 

Cai, W., P.H. Whetton and D.J. Karoly, 2003: The response of the Antarctic Oscillation to 
increasing and stabilized atmospheric CO2. J. Clim., 16, 1525-1538. 

Canadell, J.G., D.E. Pataki, R. Gifford, R.A. Houghton, Y. Luo, M.R. Raupach, P. Smith and W. 
Steffen, 2007), Saturation of the terrestrial carbon sink, Chapter 6 in: Terrestrial Ecosystems in a 
Changing World (ed., Canadell, J.G., D. Pataki and L. Pitelka (ed.), Springer-Verlag, Berlin 
Heidelberg. 

Carril, A. F., C. G. Menéndez, and A. Navarra, 2005: Climate response associated with the 
Southern Annular Mode in the surroundings of Antarctic Peninsula: A multimodel ensemble 
analysis, Geophys. Res. Lett., 32, L16713, doi:10.1029/2005GL023581. 

Chapin, F. S., III, et al., 2005: Role of land-surface changes in Arctic summer warming, Science, 
310, 657–660. 

Church, J. A., and N. J. White, 2006: A twentieth-century acceleration in global sea level rise, 
Geophys. Res. Lett., 33, L01602, doi:10.1029/2005GL024826. 

Ciais, P., and 32 others, 2005: Europe-wide reduction in primary productivity caused by the heat 
and drought in 2003, Nature, 437, 529–533. 

Comiso, J.C., 2006: Arctic warming signals from satellite observations, Weather, 61, 70-76. 

Comiso, J. C., and C. L. Parkinson, 2004: Satellite-observed changes in the Arctic, Phys. Today, 
Aug. 38–44. 

Cook, A. J., A. J. Fox, D. G. Vaughan, and J. G. Ferrigno, 2005: Retreating glacier fronts on the 
Antarctic Peninsula over the past half-century, Science, 308, 541–547. 

Curran, M. A. J., T. D. van Ommen, V. I. Morgan, K. L. Phillips, and A. S. Palmer, 2004: Ice 
core evidence for 20% decline in Antarctic sea ice extent since the 1950s, Science, 302, 1203–
1206. 

Curry, R., B. Dickson, and I. Yashayaev, 2003: A change in the freshwater balance of the 
Atlantic Ocean over the past four decades, Nature, 426, 826–829. 

Delworth, T. L., V. Ramaswamy, and G. L. Stenchikov, 2005: The impacts of aerosols on 
simulated ocean temperature and heat content in the twentieth century, Geophys. Res. Lett., 32, 
L24709, doi:10.1029/2005GL024457. 

Delworth, T. L., and K. W. Dixon, 2006: Have anthropogenic aerosols delayed a greenhouse 
gas-induced weakening of the North Atlantic thermohaline circulation? Geophys. Res. Lett., 33, 
L02606, doi:10.1029/2005GL024980. 

Dowdeswell, J. A., 2006: The Greenland Ice Sheet and global sea-level rise, Science, 311, 963–
964. 

Dupont, T. K., and R. B. Alley, 2006: Role of small ice shelves in sea-level rise, Geophys. Res. 
Lett., 33, L09503, doi:10.1029/2005GL025665. 

 



Barrie Pittock Page 10 12/10/2007 

Emanuel, K. (2005a), Increasing destructiveness of tropical cyclones over the past 30 years, 
Nature, 436, 686–688. 

Emanuel, K. (2005b), Emanuel replies, Nature, 438, doi:10.1038/nature04427. 

Fischetti, M., 2001: Drowning New Orleans, Scientific American, October, 68-77. 

Foley, J. A., 2005: Tipping points in the tundra, Science, 310, 627–628. 

Forster, P. M. D., and J. M. Gregory, 2006: The climate sensitivity and its components diagnosed 
from Earth radiation budget data, J. Clim., 19, 39–52. 

Fountain, A. G., R. W. Jacobel, R. Schlechting, and P. Janssen, 2005: Fractures as the main 
pathways of water flow in temperate glaciers, Nature, 433, 618–621. 

Francey, R. J., 2005: Recent record growth in atmospheric CO2 levels, Environ. Chem., 2, 3–5. 

Friedlingstein, P., L. Bopp, P. Ciais, J.-L. Dufresne, L. Fairhead, H. LeTreut, P. Monfray, and J. 
Orr, 2001: Positive feedback between future climate change and the carbon cycle, Geophys. Res. 
Lett., 28, 1543–1546. 

Fyfe, J. C., 2003: Extratropical Southern Hemisphere cyclones: Harbingers of climate change?, 
J. Clim., 16, 2802–2805. 

Fyfe, J. C., and O. A. Saenko, 2006: Simulated changes in the extratropical Southern 
Hemisphere winds and currents, Geophys. Res. Lett., 33, L06701, doi:10.1029/2005GL025332. 

Gillett, N. P., 2005: Northern Hemisphere circulation, Nature, 437, 496. 

Gillett, N. P., F. W. Zwiers, A. J. Weaver, and P. A. Scott, 2003: Detection of human influence 
on sea-level pressure, Nature, 422, 292–294. 

Goosse, H., and H. Renssen, 2001: A two-phase response of the Southern Ocean to an increase 
in greenhouse gas concentrations, Geophys. Res. Lett., 28, 3469–3472. 

Gray, L., I. Joughin, S. Tulaczyk, V. B. Spikes, R. Bindschadler, and K. Jezek, 2005: Evidence 
for subglacial water transport in the West Antarctic Ice Sheet through three-dimensional satellite 
radar interferometry, Geophys. Res. Lett., 32, L03501, doi:10.1029/2004GL021387. 

Gregory, J. M., P. A. Stott, D. J. Cresswell, N. A. Rayner, C. Gordon, and D. M. H. Sexton, 
2002: Recent and future changes in Arctic sea ice simulated by the HadCM3 AOGCM, Geophys. 
Res. Lett., 29(24), 2175,doi:10.1029/2001GL014575. 

Greve, R., 2000: On the response of the Greenland Ice Sheet to greenhouse climate change, 
Clim. Change, 46, 289–303. 

Gruber, N., P. Friedlingstein, C. B. Field, R. Valentini, M. Heimann, J. F. Richey, P. Romero, E.-
D. Schulze, and A. Chen, 2004: The vulnerability of the carbon cycle in the 21st century: An 
assessment of carbon-climate-human interactions, in Global Carbon Cycle: Integrating Human, 
Climate, and the Natural World, edited by C. B. Field and M. Raupach, pp. 45–76, Island Press, 
Washington, D.C. 

Hansen, J., 2005: A slippery slope: How much global warming constitutes “dangerous 
anthropogenic interference”?, Clim. Change, 68, 269–279. 

 



Barrie Pittock Page 11 12/10/2007 

Heath, J., E. Ayres, M. Possell, R. D. Bardgett, H. I. J. Black, H. Grant, P. Ineson, and G. 
Kerstiens, 2005: Rising atmospheric CO2 reduces sequestration of root-derived soil carbon, 
Science, 309, 1711–1713. 

Hegerl, G. C., T. J. Crowley, W. T. Hyde, and D. J. Frame, 2006: Climate sensitivity constrained 
by temperature reconstructions over the past seven centuries, Nature, 440, 1029–1032. 

Hinzman, L. D. and 34 others, 2005: Evidence and implications of recent climate change in 
northern Alaska and other Arctic regions, Clim. Change, 72, 251–298. 

Hodgson, D.A., M.J. Bentley, S.J. Roberts, J.A. Smith, D.E. Sugden and E.W. Domak, 2006: 
Examining Holocene stability of Antarctic Peninsula ice shelves. EOS, 87 (31), 305 and 308. 

Hoyos, C. D., P. A. Agudelo, P. J. Webster, and J. A. Curry, 2006: Deconvolution of the factors 
contributing to the increase in global hurricane intensity, Science, 312, 94–97. 

Huybrechts, P. and J. de Wolde, 1999: The dynamic response of the Greenland and Antarctic Ice 
Sheets to multiple-century climatic warming, J. of Climate, 12, 2169-2188. 

Intergovernmental Panel on Climate Change (IPCC), 2001: Climate Change 2001: Synthesis 
Report—Contribution of Working Groups I, II and III to the IPCC Third Assessment Report, 397 
pp., Cambridge Univ. Press, New York. (Available at http://www.ipcc.ch) 

Jones, R. A., 2004: Incorporating agency into climate change risk assessment, Clim. Change, 67, 
13–36. 

Josey, S. A., and R. Marsh, 2005: Surface freshwater flux variability and recent freshening of the 
North Atlantic in the eastern subpolar gyre, J. Geophys. Res., 110, C05008, 
doi:10.1029/2004JC002521. 

Kerr, R. A. (2005a), Confronting the bogeyman of the climate system, Science, 310, 432–433. 

Kerr, R. A. (2005b), Is Katrina a harbinger of still more powerful hurricanes? Science, 309, 
1807. 

Kerr, R. A., 2006: A worrying trend of less ice, higher seas, Science, 311, 1698–1701. 

Kilronomos, J. N., M. F. Allen, M. C. Rillig, J. Plotrowski, S. Makvandi-Nejad, B. E. Wolfe, and 
J. R. Powell, 2005: Abrupt rise in atmospheric CO2 overestimates community response in a 
model plant-soil system, Nature, 433, 621–624. 

Klotzbach, P. J., 2006: Trends in global tropical cyclone activity over the past 20 years (1986–
2005), Geophys. Res. Lett., 33, L10805, doi:10.1029/2006GL025881. 

Knutson, T. R., and R. E. Tuleya, 2004: Impact of CO2-induced warming on simulated hurricane 
intensity and precipitation: Sensitivity to the choice of climate model and convective 
parameterization, J. Clim., 17, 3477–3495. 

Krinner, G., O. Magand, I. Simmonds, C. Genthon and J.-L. Dufresne (2007), Simulated 
Antarctic precipitation and surface mass balance at the end of the twentieth and twenty-first 
centuries, Climate Dynamics, 28, 215-230. 

Labat, D., Y. Godderis, J. L. Probst, and J. L. Guyot, 2004: Evidence for global runoff increase 
related to global warming, Adv. Water Resour., 27, 631–642. 

 



Barrie Pittock Page 12 12/10/2007 

Landsea, C. W., 2005: Hurricanes and global warming, Nature, 438, E11–E12, 
doi:10.1038/nature04477. 

Langenfelds, R. L., R. J. Francey, B. C. Pak, L. P. Steele, J. Lloyd, C. M. Trudinger, and C. E. 
Allison, 2002: Interannual growth rate variations of atmospheric CO2 and its É¬13C, H2, CH4, 
and CO between 1992 and 1999 linked to biomass burning, Global Biogeochem. Cycles, 16 (3), 
1048, doi:10.1029/2001GB001466. 

Langmann, B. and A. Heil, 2004: Release and dispersion of vegetation and peat fire emissions in 
the atmosphere over Indonesia 1997-1998. Atmos. Chem Phys., 4, 2145-2160. 

Lawrence, D. M., and A. G. Slater, 2005: A projection of severe near-surface permafrost 
degradation during the 21st century, Geophys. Res. Lett., 32, L24401, 
doi:10.1029/2005GL025080. 

Levi, B.G., 2006: Is there a slowing in the Atlantic Ocean’s overturning circulation? Physics 
Today, April, 26-28. 

Lindsay, R. W., and J. Zhang, 2005: The thinning of Arctic sea ice, 1988–2003: Have we passed 
the tipping point?, J. Clim., 18, 4879–4894. 

Lund, D.C., J. Lynch-Stiegler and W.B. Curry (2006), Gulf Stream density structure and 
transport during the past millennium, Nature, 444, 601-604. 

Marshall, G. J., 2003: Trends in the Southern Annular Mode from observations and reanalysis, J. 
Clim., 16, 4134–4143. 

Marshall, G.J., A. Orr, N.P.M. van Lipzig and J.C. King, 2006: The impact of a changing 
Southern Hemisphere Annular Mode on Antarctic Peninsula summer temperatures, J. Clim., 19, 
5388-5404. 

Matthews, H. D., A. J. Weaver, and K. J. Meissner, 2005: Terrestrial carbon cycle under recent 
and future climate change, J. Clim., 18, 1609–1628. 

Monaghan, A.J., D.H. Bromwich, R.L. Fogt, S-H. Wang, P.A. Mayewski, D.A. Dixon, A. 
Ekaykin, M. Frezzoti, I. Goodwin, E. Isaksson, S.D. Kaspari, V.I. Morgan, H. Oerter, T.D. Van 
Ommen, C.J. Van der Veen and J. Wen, 2006: Insignificant change in Antarctic snowfall since 
the International Geophysical Year. Science, 313, 827-831. 

Murphy, J. M., D. M. H. Sexton, D. N. Barnett, G. S. Jones, M. J. Webb, M. Collins, and D. A. 
Stainforth, 2004: Quantification of modelling uncertainties in a large ensemble of climate change 
simulations, Nature, 430, 768–772. 

NASA, 2003: Vanishing ice, features, 7 May.(Available at: 
http://earthobservatory.nasa.gov/Study/vanishing/. 

NASA, 2005: Satellites continue to see decline in Arctic sea ice in 2005, news release, 28 Sept. 
(Available at http://nasa.gov/centers/goddard/news) 

NASA, 2006: Greenland ice loss doubles in past decade, raising sea level faster, news release, 16 
Feb. (Available at 
http://earthobservatory.nasa.gov/Newsroom/NasaNews/2006/2006021621775.html) 

National Research Council, 2002: Abrupt Climate Change: Inevitable Surprises, Washington, 
D.C. (Available at http://newton.nap.edu/books/) 

 

http://earthobservatory.nasa.gov/Study/vanishing/
http://nasa.gov/centers/goddard/news
http://newton.nap.edu/books/


Barrie Pittock Page 13 12/10/2007 

NSIDC, 2005: Sea ice decline intensities, National Snow and Ice Data Center, news release, 
Boulder, Colo., 28 September. (Available at http://nsidc.org/news/press/20060404-
winterrecovery.html) 

NSIDC, 2006: Winter sea ice fails to recover, down to record low, National Snow and Ice Data 
Center, news release, Boulder, Colo., 5 April. (Available at 
http://nsidc.org/news/press/20060404-winterrecovery.html) 

Nelson, F. E., 2003: (Un)frozen in time, Science, 299, 1673–1675. 

Otto-Bliesner, S.J., S.J. Marshall, J.T. Overpeck, G.H. Miller, A. Hu and CAPE Last Interglacial 
Project members, 2006: Simulating Arctic climate warmth and icefield retreat in the last 
interglacial, Science, 311, 1751-1753. 

Overland, J.E., 2006: Arctic change: multiple observations and recent understanding. Weather, 
61, 78-83. 

Overpeck, J.T., S.J. Otto-Bliesner, G.H. Miller, D.R. Muhs, R.B. Alley and J.T. Kiehl, 2006: 
Paleoclimatic evidence for future ice-sheet instability and rapid sea-level rise, Science, 311, 
1747-1750. 

Page, S. E., F. Siegert, J. O. Rieley, H.-D. V. Boehm, A. Jaya, and S. Limin, 2002: The amount 
of carbon released from peat and forest fires in Indonesia during 1997, Nature, 420, 61–65. 

Peterson, B. J., R. M. Holmes, J. W. McClelland, C. J. Vorosmarty, R. B. Lammers, A. I. 
Shiklomanov, I. A. Shiklomanov, and S. Rahmstorf, 2002: Increasing river discharge to the 
Arctic Ocean, Science, 298, 2171–2173. 

Pezza, A. B., and I. Simmonds, 2005: The first South Atlantic hurricane: Unprecedented 
blocking, low shear and climate change, Geophys. Res. Lett., 32, L15712, 
doi:10.1029/2005GL023390. 

Piani, C., D. J. Frame, D. A. Stainforth, and M. R. Allen, 2005: Constraints on climate change 
from a multi-thousand member ensemble of simulations, Geophys. Res. Lett., 32, L23825, 
doi:10.1029/2005GL024452. 

Pielke, R. A., Jr., 2005: Are there trends in hurricane destruction?, Nature, 438, 
doi:10.1038/nature04426. 

Pielke, R. A., Jr., C. Landsea, M. Mayfield, J. Laver, and R. Pasch, 2005: Hurricanes and global 
warming, Bull. Am. Meteorol. Soc., 86, 1571–1575. 

Pinker, R. T., B. Zhang, and E. G. Dutton, 2005: Do satellites detect trends in surface solar 
radiation?, Science, 308, 850–854. 

Pittock, A.B., 2003: Climate Change: An Australian Guide to the Science and Potential Impacts. 
Australian Greenhouse Office, Canberra. See: www.greenhouse.gov.au/science/pubs/science-
guide.pdf. 

Pittock, A. B., 2005: Climate Change: Turning Up the Heat, 328 pp., Commonwealth Scientific 
and Industrial Research Organisation, Melbourne, Victoria, Australia. (Available at 
http://publish.csiro.au/pid/4992.htm) 

Pittock, A.B., 2006: Are scientists underestimating climate change? EOS, 87 (34), 22 August. 

Quadfasel, D., 2005: The Atlantic heat conveyor slows, Nature, 438, 565–566. 

 

http://www.greenhouse.gov.au/science/pubs/science-guide.pdf
http://www.greenhouse.gov.au/science/pubs/science-guide.pdf


Barrie Pittock Page 14 12/10/2007 

Rahmstorf. S. (2007), A semi-empirical approach to projecting future sea-level rise, Science, 
315, 368-370. 

Rahmstorf, S., A. Cazenave, J. A. Church, J. E. Hansen, R. F. Keeling, D. E. Parker, and R. C. J. 
Somerville, 2007: Recent Climate Observations Compared to Projections, Science, published 
online 1 February 2007 [DOI: 10.1126/science.1136843] (in Science Express Brevia)  

Randerson, J.T. and 16 others, 2006: The impacts of boreal forest fire on climate warming, 
Science, 314, 1130-1132. 

Raupach, M., P. Briggs, E. King, M. Schmidt, M. Paget, J. Lovell, and P. Canadell, 2006: 
Impacts of decadal climate trends on Australian vegetation, paper presented at the Earth 
Observation Symposium, Commonwealth Scientific and Industrial Research Organisation, 
Canberra, Australia, 15–16 Feb. 

Ridley, J. K., P. Huybrechts, J. M. Gregory, and J. A. Lowe, 2005: Elimination of the Greenland 
Ice Sheet in a high CO2 climate, J. Clim., 18, 3409–3427. 

Rignot, E., and P. Kanagaratnam, 2006: Changes in the velocity structure of the Greenland Ice 
Sheet, Science, 311, 986–990. 

Rignot, E., G. Casassa, P. Gogineni, W. Krabill, A. Rivera, and R. Thomas, 2004: Accelerated 
ice discharge from the Antarctic Peninsula following the collapse of Larsen B ice shelf, Geophys. 
Res. Lett., 31, L18401, doi:10.1029/2004GL020697. 

Rotstayn, L. D., W. Cai, M. R. Dix, G. D. Farquhar, Y. Feng, P. Ginoux, M. Herzog, A. Ito, J. E. 
Penner, M. L. Roderick, and M. Wang, 2006: Have Australian rainfall and cloudiness increased 
due to remote effects of Asian anthropogenic aerosols?, J. Geophys. Res., in press. 

Scambos, T. A., C. Hulbe, M. Fahnestock, and J. Bohlander, 2000: The link between climate 
warming and break-up of ice shelves in the Antarctic Peninsula, J. Glaciol., 46, 516–530. 

Scheffer, M., V. Brovkin, and P. M. Cox, 2006: Positive feedback between global warming and 
atmospheric CO2 concentration inferred from past climate change, Geophys. Res. Lett., 33, 
L10702, doi:10.1029/2005GL025044. 

Schellnhuber, H. J., W. Cramer, N. Nakicenovic, T. Wigley, and G. Yohe (Eds.), 2006: Avoiding 
Dangerous Climate Change, Cambridge Univ. Press, New York. (Available at 
http://www.defra.gov.uk/environment/climatechange/internat/dangerous-cc.htm) 

Schiermeier, Q., 2006: A sea change, Nature, 439, 256–260. 

Schneider, S.H., 2001: Can we estimate the likelihood of climatic changes at 2100? Nature, 411, 
17-19. 

Schrope, M., 2005: Winds of change, Nature, 438, 21–22. 

Serreze, M.C. and J.A. Francis, 2006: The Arctic on the fast track of change. Weather, 61, 65-69. 

Stainforth, D. A., et al., 2005: Uncertainty in predictions of the climate response to rising levels 
of greenhouse gases, Nature, 433, 403–406. 

Steffen, W., 2006: Stronger Evidence But New Challenges: Climate Change Science 2001-2005, 
Dep. of Environ. and Heritage, Aust. Greenhouse Off., Canberra. (Available at 
http://greenhouse.gov.au) 

 



Barrie Pittock Page 15 12/10/2007 

Stott, P. A., D. A. Stone, and M. R. Allen, 2004: Human contribution to the European heat wave 
of 2003, Nature, 432, 610–614. 

Stroeve, J. C., M. C. Serreze, F. Fetterer, T. Arbetter, W. Meier, J. Maslanik, and K. Knowles, 
2005: Tracking the Arctic's shrinking ice cover: Another extreme September minimum in 2004, 
Geophys. Res. Lett., 32, L04501, doi:10.1029/2004GL021810. 

Swingedouw, D., P. Braconnot, and O. Marti, 2006: Sensitivity of the Atlantic meridional 
overturning circulation to the melting from northern glaciers in climate change experiments, 
Geophys. Res. Lett., 33, L07711, doi:10.2029/2006GL025765. 

Thomas, R., E. Frederick, W. Krabill, S. Manizade and C. Martin, 2006: Progressive increase in 
ice loss from Greenland, Geophys. Res. Lett., 33, L10503, doi:10.1029/2006GL026075. 

Thomas, R., E. Rignot, G. Casassa, P. Kanagaratnam, C. Acuna, T. Atkins, H. Brecher, E. 
Frederick, P. Gogineni, W. Krabill, S. Manizade, H. Ramamoorthy, A. Rivera, R. Russell, J. 
Sonntag, R. Swift, J. Yungel, and J. Zwally, 2004: Accelerated sea-level rise from West 
Antarctica, Science, 306, 255–258. 

Time Magazine, 2006: Special report: Global warming, 3 April. 

Torn, M. S., and J. Harte, 2006: Missing feedbacks, asymmetric uncertainties, and the 
underestimation of future warming, Geophys. Res. Lett., 33, L10703, 
doi:10.1029/2005GL025540. 

Trenberth, K., 2005: Uncertainty in hurricanes and global warming, Science, 308, 1753–1754. 

Turner, J., T.A. Lachlan-Cope, S. Colwell, G.J. Marshall and W.M. Connolley, 2006: Significant 
warming of the Antarctic winter troposphere, Science, 311, 1914-1917. 

van den Broeke, M., N. van Lipzig, and G. Marshall, 2004: On Antarctic climate and change, 
Weather, 59, 3–7. 

Velicogna, I., and J. Wahr, 2006: Measurements of time-variable gravity show mass loss in 
Antarctica, Science, 311, 1754–1756. 

Walker, G., 2006: The tipping point of the iceberg. Nature, 441, 802-805. 

Walsh, K. J. E., K.-C. Nguyen, and J. L. McGregor, 2004: Fine-resolution regional scale model 
simulations of the impact of climate change on tropical cyclones near Australia, Clim. Dyn., 22, 
47–56. 

Wang, S., A.P. Trishchenko, K.V. Khlopenkov and A. Davidson,, 2006: Comparison of 
International (sic) Panel on Climate Change Fourth Assessment Report climate model 
simulations of surface albedo with satellite products over northern latitudes, J. Geophys. Res, 
111, D21108, doi:10.1029/2005JD006728. 

Webster, P. J., G. J. Holland, J. A. Curry, and H.-R. Chang, 2005: Changes in tropical cyclone 
number, duration, and intensity in a warming environment, Science, 309, 1844–1846. 

Westerling, A.L., H.G. Hidalgo, D.R. Cayan and T.W. Swetnam, 2006: Warming and earlier 
spring increases western U.S. forest wildfire activity, Science, 313, 940-943. 

Wild, M., H. Gilgen, A. Roesch, A. Ohmura, C. N. Long, E. G. Dutton, B. Forgan, A. Kallis, V. 
Russak, and A. Tsvetkov, 2005: From dimming to brightening: Decadal changes in solar 
radiation at Earth's surface, Science, 308, 847–850. 

 



Barrie Pittock Page 16 12/10/2007 

Witze, A., 2006: Bad weather ahead, Nature, 441, 564–566. 

Zwally, H. J., M. B. Giovinetto, J. Li, H. G. Cornejo, M. A. Beckley, A. C. Brenner, J. L. Saba, 
and D. Yi, 2005: Mass changes of the Greenland and Antarctic ice sheets and shelves and 
contributions to sea-level rise 1992–2002, J. Glaciol., 51, 509–527. 

 



Barrie Pittock Page 17 12/10/2007 

Figure Captions 
 
 
Figure 1. Links between parts of the climate system including feedbacks that may accelerate 
climate change and its impacts. Observations suggest some of these feedbacks may already be 
operating. 
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Figure 1 
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gauges (red) and satellites (blue). Figure from Rahmstorf et al., 2007, with permission 
from Science magazine. 

 
Observations show climate change and sea-level rise are happening faster than expected 
 
Actual measurements show that global carbon dioxide concentrations, global average 
surface temperatures and global average sea-level rise are increasing near the top end of 
the range of uncertainty set out in the IPCC (2001) report. This is shown in Figure 3. 
 

 
Figure 3. Changes in key global climate parameters since 1973, relative to 1990 values, 
compared with the scenarios of the IPCC (2001) report (shown as dashed lines and grey 
ranges). Top to bottom: observed carbon dioxide concentrations, observed global surface 
temperatures (from two independent assessments), and observed sea-level rise from tide 


