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Introduction

Carter (2008) notes that for climate change “saamence [sic] understanding is an essential
prerequisite to any meaningful economic analydisifortunately his paper contains serious
and systematic errors about the causes and pdtemtisequences of climate change, the
overall effect of which is to convey an inaccuratel misleading impression of the scientific
evidence. Indeed, the overall tone of Carter (2008e of a polemic rather than an
objective analysis of the facts. An itemisatioratifthe inaccuracies in Carter (2008) would
require a great deal of space, so this paper ftestind corrects some of the most important
errors.

The work of the Intergovernmental Panel on ClimateChange (IPCC)

Carter (2008) wrongly alleges that “the sciencei@wef the IPCC is politically cast, and
thereby fundamentally flawed to a degree that makassuitable for use in detailed
economic forecasting and policy creation”. He mad@geral inaccurate assertions about the
work of the IPCC, including that its focus “has be# comparing contemporary climate
change with that of the last 150 years of instrueememperature records, sometimes
extending back to around 1,000 years using proxgsen@ments such as tree ring analysis”.

Carter (2008) claims that the IPCC is “constituteder the United Nation’s [sic] Framework
Convention on Climate Change”. In fact, the IPCG watablished by the World
Meteorological Organization (WMO) and the UnitedtiNias Environment Programme
(UNEP) in 1988, four years before the United Natiénamework Convention on Climate
Change (UNFCCC) was adopted in 1992. Its role, raicg to the ‘Principles Governing
IPCC Work’ (Intergovernmental Panel on Climate Gi@2006), is to “assess on a
comprehensive, objective, open and transparens Hasiscientific, technical and socio-
economic information relevant to understandingdtientific basis of risk of human-induced
climate change, its potential impacts and opti@nsaflaptation and mitigation”. Carter
(2008) describes this as an “unbalanced brief” Wwhigevitably leads to unbalanced advice”.

Carter (2008) characterises the IPCC as “not ansfieebut a political body, albeit advised

by scientists”. This is misleading. The IPCC hasdpiced a number of reports, including four
major assessments, in 1990, 1995, 2001 and 20@7/Fdiwth Assessment Report consisted
of three volumes, on ‘The Physical Science Basmé(governmental Panel on Climate
Change 2007a), ‘Impacts, Adaptation and Vulnergbilintergovernmental Panel on



Climate Change 2007b), and ‘Mitigation of ClimatkaDge’ (Intergovernmental Panel on
Climate Change 2007c). While these volumes wergstito review by participating
governments, and each included a ‘Summary for poldkers’ which was agreed by
government representatives meeting in plenary@essihey were written by working groups
composed of researchers employed in universitidsrestitutions around the world. The

Fifth Assessment Report is due to be published d&=tv2013 and 2014.

Carter (2008) alleges that the reports of the IP@@ “talked up the threat of dangerous
human-caused change”, and describes them as “flendalty flawed”. However, the
Principles state: “IPCC reports should be neutiithh vespect to policy, although they may
need to deal objectively with scientific, technieald socio-economic factors relevant to the
application of particular policies”. The main comsibns of the assessment reports have been
endorsed by major scientific bodies around the dyanicluding joint statements by the
national science academies of Brazil, Canada, Chirzace, Germany, India, Italy, Japan,
Mexico, Russia, South Africa, United Kingdom anditdd States of America (Academia
Brasiliera de Ciénciast al 2007, 2008, 2009). Analysis has demonstrateditieatnain
conclusions of the IPCC reports are consistent thighvast majority of scientific papers
published in journals over the last 15 years (Qges2004; Andereget al 2010).

Nevertheless, Carter (2008) correctly observesthieatPCC and its reports have been subject
to criticism. While much of this criticism has enad&&d from individuals and organisations
who oppose the IPCC on ideological or politicallgrds (McCright and Dunlap 2003; 2010),
some scientists who have been involved in the patipa of the assessment reports have also
called for improvements (e.g. Hulmeéal.2010). In addition, the IPCC admitted in 2010 that
some minor errors had occurred in the second vohlinite Fourth Assessment Report. These
included the statement: “Glaciers in the Himalasgaraceding faster than in any other part of
the world and, if the present rate continues, itedihood of them disappearing by the year
2035 and perhaps sooner is very high if the Eagdpk warming at the current rate”. The
IPCC acknowledged that these were “poorly substtattiestimates of rate of recession and
date for the disappearance of Himalayan glaciend’lad occurred because “the clear and
well-established standards of evidence, requirethbyPCC procedures, were not applied
properly” (Intergovernmental Panel on Climate Clea8§10).

Notwithstanding the errors, the Netherlands Envitental Assessment Agency (PBL 2010)
concluded from an analysis of statements on pregeigional impacts contained in the
second volume that “the summary conclusions arsidered well founded and none were
found to contain any significant errors”.

However, as a result of controversy and media @geesurrounding this and other errors in
the second volume of the Fourth Assessment Repert)nited Nations asked the
InterAcademy Council (consisting of representatifivem the world’s leading national
science academies) to carry out a review of thegeses and procedures of the IPCC
(InterAcademy Council 2010).

Apart from mischaracterising the work of the IP@2yter (2008) also misrepresents the
views of John Houghton, who chaired its workingugr@n the science of climate change for
the assessment reports in 1990, 1995 and 200erG2008) states:

“The IPCC is the United Nations body whose secdrarman, John Houghton, wrote in
1994 that ‘unless we announce disasters, no ohéistén’. From that point forward, it



was obvious that IPCC pronouncements needed taljected to independent critical
analysis; in fact, the opposite has happened, rardasingly the world’s press and
politicians have come to treat IPCC utterance$ ey were scribed in stone by Moses.”

However, the quote attributed to Houghton is eltifietional. In a letter published by the

UK newspaper ‘The Observer’ in February 2010, Haooglstated: “That quote from me is
without foundation. | have never said it or writtieéh It seems that the fabricated quote first
appeared in a column by Piers Akerman (2006) irAtigralian newspaper ‘The Sunday
Telegraph’ (Connor 2010), which wrongly claimedttitdnad been published in Houghton
(1994). This false statement has subsequently legeated numerous times by opponents of
the IPCC (e.g. Monckton 2006).

Not only is the quote fictional, but it conveysampletely different impression from
statements appearing in the ‘Preface’ in Hough1®94), such as “scientists have a
responsibility to communicate the best possiblermiation about the likely magnitude of
climate change, along with clear statements ohsimptions made and the level of
uncertainty in the estimates”. Houghton (1994) slstes:

“The key intergovernmental body which has beenupdb assess the problem of global
warming is the Intergovernmental Panel on Climatarige (IPCC), formed in 1988. At
its first meeting in November of that year in Geaethe Panel’s first action was to ask
for a scientific report so that, so far as theyauanown, the scientific facts about global
warming could be established. It was imperative ploditicians were given a solid
scientific base from which to develop the requiratador action.”

Carter (2008) makes other inaccurate and unsuletieshtallegations, too numerous to
individually rebut in this note, about the worktbé IPCC. It is then perhaps not surprising
that he should, in contrast to national sciencel@tees and scientific organisations around
the world, disregard the main conclusions of th&t frolume of the Fourth Assessment
Report (Intergovernmental Panel on Climate ChaR@é7a), some of which are outlined in
the following sections.

Increase in global average temperature

Carter (2008) asserts that “the latd'2@ntury phase of rising temperature terminated in
1998”, and that “no warming has occurred since 19B8ese statements give a misleading
impression of the available scientific evidence.

Three records of global average temperature fraface station measurements are
independently compiled by the UK Met Office (in ladloration with the Climatic Research
Unit at the University of East Anglia), the NASA @Gdard Institute of Space Studies (GISS)
and the National Climatic Data Center (NCDC) of th& National Oceanic and Atmospheric
Administration. Each of these records show that e 10 warmest years since records
began have occurred since 2000, and the World Mategical Organization (2010) stated
that “the period 2000-2009 was the warmest decadeanrd since the beginning of modern
instrumental measurements around 1850”.

In the UK Met Office record, which begins in 18%5e two warmest years were 1998 and
2005 respectively, while the NCDC record, whichibegn 1880, ranks 2005 as the warmest
with 1998 second warmest, and GISS (which alsontseigi 1880) ranks 2005 as the warmest



with 2009 in second place and 1998 in third pl&xespite these differences, Figure 1
demonstrates that the three records show the sattegrpof warming over the last century.
Overall, the global average temperature has inetelg about 0.8°C over the last century,
and the first decade of the®2dentury (2000-2009) was 0.77°C warmer than tte flecade

of the 28" century (1900-1909) (National Research Council@0According to the NCDC
(2010), the period between January and July 20 Ktinawarmest first seven months of any
year since records began in 1880.

However, as can be seen clearly in Figure 1, whaeoverall warming trend is obvious over
the length of the entire record, it also shows speriods of cooling and warming. Liebmann
et al. (2010) carried out statistical analyses of theseds within the UK Met Office
HadCRUTS3 record, noting that “changes shorter théaw decades can be either positive or
negative”, and pointing out that a “recent coolirend is evident in the global record
beginning in 2001” with a change of -0.07°C. Bugtimanret al. (2010) concluded: “Such
changes, however, are not statistically significant are in fact relatively common in the
historical record”.

Carter (2008) also claims that “the historic grotemhperature records that are usually cited
in support of the warming are warm-biased by thrmaoreat island effect”. In fact, all of the
three records of global average temperature takeaccount the fact that weather stations in
some areas may have been affected by increasegisaban, which could have biased
measurements. Broha al. (2006) described the steps taken to remove thadtrgd
increased urbanisation on the HadCRUTS3 record,enrihithet al. (2008) and Hansest al.
(2010) described the steps taken by NCDC and GE3pectively.

Parker (2010) reviewed the available evidence attmuinfluence of urbanisation and
concluded that the impact was much smaller tharteeall warming trend that has been
observed in the last 100 years. He stated: “Thaahis small because assiduous efforts have
been made by the compilers of global surface emperature records to avoid or compensate
for urban warming”. Indeed, it is clear from Fig@¢hat the warming recorded by
measurements of global land surface temperatureich the same as that shown by
measurements of global sea surface temperaturdnwgficourse, could not be influenced by
increased urbanisation.

Carter (2008) makes the further erroneous assdtiairthe measurements of the temperature
of the troposphere, the lowest layer of the atmesphoy radiosonde sensors mounted on
weather balloons show “no significant warming betwé@958 and 2005”. As Figure 3
illustrates, this is untrue. According to the NaabResearch Council (2010), “radiosonde
and satellite-derived data both show that the ppere...has warmed substantially over the
past several decades”.

The IPCC (2007a) pointed out that the direct mesment of warming is consistent with the
observed melting of land and sea ice across thi&lwad a rise in global average sea level.
For this reason, the IPCC (2007a) concluded: “Wagnaif the climate system is

unequivocal, as is now evident from observationsafeases in global average air and ocean
temperatures, widespread melting of snow and ideriaimg global average sea level”.

Relative scale of recent global warming compared i the past

Carter (2008) states:



“The gentle, short-term global warming that occdrirethe last 26 century falls within
previous natural rates and magnitudes of warmimgcaoling. It is thereforprima facie
unalarming...”

He also claims: “A variety of detailed proxies fraround the world can be used to construct
a global temperature estimate for the last 1,5@0sythat confirms the greater warmth of the
Mediaeval over the Late $@Century Warm Period”, and references a figure ftarehle and
McCulloch (2008).

Constructions of global average temperature padhé¢ start of the instrumental record in the
19" century are based on the analysis of proxies, asdtee rings, isotopic compositions of
sedimentary rocks, and borehole temperatures. tkewgather stations, proxies provide
information about local climate, and there are memgllenges in using these to construct an
overall picture of the global climate.

Carter (2008) fails to point out that the recondinn offered by Loehle and McCulloch
(2008) ignores all data from tree ring studies anly extends to 1935, hence excluding the
warming of the late 2Dcentury.

In contrast to the selective and inaccurate accou@arter (2008) of the available
palaeoclimate evidence, the IPCC (2007a) revieweaf the published reconstructions and
acknowledged the limitations and uncertaintiesrokp measurements, particularly the
shortage of data about the Southern Hemisphetenttiuded: “Average Northern
Hemisphere temperatures during the second halffeo2® century werevery likely[>90%
probability] higher than during any other 50-yearipd in the last 500 years alikkly

[>66% probability] the highest in at least the ph&00 years.”

However, it is clear from the available evidencat tihe Earth was warmer than today at
some point in its recent geological past. Howetras, does not mean that the warming of the
last century must be “natural”: it would be equesatito arguing that humans cannot be
responsible for the demise of any species becaes®ps mass extinctions in the Earth’s
history prove that they are a natural occurrenseth® National Research Council (2006)
emphasised: “Surface temperature reconstructianseigods prior to the industrial era are
only one of multiple lines of evidence supportihg tonclusion that climatic warming is
occurring in response to human activities, and dreynot the primary evidence”. The likely
causes of the recent warming are considered indkesection.

Greenhouse gases and the greenhouse effect

Carter (2008) states that “even educated persosfiyniave no comprehension that the
overwhelmingly dominant greenhouse gas is wateowgghat, as a minor greenhouse gas,
carbon dioxide causes less than 4% of the warmiodyzed by all atmospheric greenhouse
gases; and that human emissions represent just pdrtion (~3%) of that 4%”. These
figures are completely inaccurate. Carter (200&)scas a source for these figures a page
(Hieb 2003) posted on a website about ‘Plant FesdiWest Virginia'.

One of the many erroneous assertions made by B8] was that the atmospheric
concentration of carbon dioxide is 368.4 partsm#iion (ppm) of which the anthropogenic
contribution is 11.88 ppm. In fact, the current aspheric concentration of carbon dioxide is



387 ppm (Tans 2010), having increased steadily fagre-industrial level between 1000 and
1750 AD of 275 to 285 ppm (Intergovernmental PameClimate Change 2007a). When
other compounds such as methane are also takeadotoint, the atmospheric concentration
of greenhouse gases is estimated to be about 48®pparbon-dioxide-equivalent, and
increasing at a rate of about 1.5 ppm each yeav¢Band Ranger 2009).

There is little dispute within the scientific lisgure that human activities have been the main
cause of the increase of more than 100 ppm indheentration of carbon dioxide since
industrialisation (i.e. almost ten times the rik@rned by Hieb (2003)). The IPCC (2007a)
concluded: “The primary source of the increasedapheric concentration of carbon

dioxide since the pre-industrial period resultsifriossil fuel use, with land-use change
providing another significant but smaller contribat. But Carter (2008) acknowledged only
that “human emissions are one of the main caus#bers have claimed that the rise may be
due to natural sources. Plimer (2009), for instasuggested that volcanoes produce more
carbon dioxide than human activities. However,ahailable evidence indicates that
volcanoes emit an estimated 132 to 378 million ém®@ach year, whereas human activities in
2008 produced 36,300 million tonnes (Gerlach 2010).

There is not much dispute either in the scienlifezature that greenhouse gases in the
atmosphere warm the surface of the Earth, as #sibben well-established since th& 19
century. In 1824, Fourier wrote (Burgess 1827):

“All the terrestrial effects of solar heat are nfatl by the interposition of the atmosphere
and the presence of water. The great motions sttleids render the distribution more
uniform. The transparency of the waters appeacsmour with that of the air in augmenting
the degree of heat already acquired, because lumineat flowing in, penetrates, with little
difficulty, the interior of the mass, and non-lurirs heat has more difficulty in finding its
way out in a contrary direction.”

Tyndall (1861) described the results of labora@xgeriments to identify water vapour,
carbon dioxide and other gases as responsibledatiog the greenhouse effect of the
atmosphere. It is now well understood that greesb@ases, which trap some of the infra-
red long wave radiation that is emitted after sodakiation is absorbed by the Earth, causes
the planet’s surface to be about 33°C warmer thatherwise would be (Taylor 2005). Of
this greenhouse effect, about 60% can be attribiot@dater vapour (which constitutes
between 0 and 4% of the air by volume, with a tggpi@lue of 0.8%; Taylor 2005), with
about 26% due to carbon dioxide (which constitatesut 0.0387% of the air by volume),
based on calculations of the Earth’s annual glatedn energy budget (Kiehl and Trenberth
1997). The gases overlap in their contributionthéogreenhouse effect, and this calculation
does not take into account clouds and aerosolshwaigo contribute.

The increase in the atmospheric concentrationartfon dioxide and other gases since
industrialisation has enhanced the greenhousetgifidme with predictions first made in the
19" century. Arrhenius (1896) published rudimentarynestes of how changes in the
atmospheric concentration of carbon dioxide wotlelat the Earth’s climate at different
latitudes. He concluded: “A simple calculation slsavat the temperature in the arctic
regions would rise about 8° to 9°C, if the carbaadd increased to 2.5 or 3 times its present
value”. As the atmospheric concentration of carbmxide has risen by almost 40% due to
human activities, its enhancement of the greenhetiset has been much greater than the
0.12% increase indicated by Carter (2008), althaughdifficult to estimate precisely (for



instance, the warming of the atmosphere has led iacrease in the average humidity and
water vapour content, a feedback which has fugheanced the greenhouse effect).

A better way of estimating the likely impact of gndouse gases is through the climate
sensitivity, defined as the temperature changeguaitibrium due to a doubling of the
concentration of carbon dioxide (i.e an increasenfthe pre-industrial level of about 280
ppm to 560 ppm; IPCC 2007a). Equilibrium climatastvity takes into account both
feedbacks and the lag in the response of the disystem (particularly the oceans) to
changes in atmospheric concentrations of greenhyases.

Carter (2008) claims “IPCC models, which invokeosipve feedback loop from water
vapour, predict much greater increases up to 6fdr@ doubling in carbon dioxide.” He also
states that “alternative calculations” suggestitemease of only 0.2-1.0°C for a doubling of
carbon dioxide”, citing Isdo (2001) which is neithisted in his ‘References’ nor exists on
any database of scientific publications. In faog lPCC (2007a) concluded:

“Analysis of models together with constraints frobvservations suggest that the equilibrium
climate sensitivity idikely [i.e. >66% probability] to be in the range 2°CAt&°C, with a best
estimate value of 3°C. It is very unlikely [i.e16% probability] to be less than 1.5°C.”

The correlation between the rise in global avetaggerature and the increase in
atmospheric concentrations of greenhouse gasescotiie 28' century is what would be
expected from the observations and theory that haea developed since the early'19
century. However, there are other lines of eviddocattributing the rise in global average
temperature and associated changes in the climatetwe past 50 years to the rise in
atmospheric concentrations of greenhouse gaset® duwenan activities.

Attribution of recent climate change to human activties

Carter (2008) states that “no summed human efiegiabal temperature has ever been
identified or measured”, and that “we cannot evertdértain whether the net human signal is
one of warming or cooling”. This is inaccurate andleading. Apart from the obvious
increase in global average temperature since atmospconcentrations of greenhouse gases
began to rise after industrialisation, there arayrimes of evidence for attributing recent
warming and climate change to human activities. GH2007a) devotes a whole chapter to
“Understanding and attributing climate change” (eltgt al. 2007).

Carter (2008) claims “It remains the case, amayjright IPCC’s claims of a dangerous
human influence on climate now rest almost solaelyheir unrealistic, unvalidated GCM
[General Circulation Model] climate projections™his is entirely false. IPCC (2007a)
pointed out: “An anthropogenic signal has now naearly emerged in formal attribution
studies of aspects of the climate system beyonuhgfecale atmospheric temperature,
including changes in global ocean heat contentiemntal-scale temperature trends,
temperature extremes, circulation and arctic seaxtent”.

Analyses by the National Research Council (201d)%tottet al. (2010) have confirmed and
updated the findings of Hegeat al. (2007). The National Research Council (2010)
summarised the evidence as follows:
* both the basic physics of the greenhouse effectraoré detailed calculations using
sophisticated models of atmospheric radiative feanedicate that increases in



atmospheric greenhouse gases should lead to waohthg Earth’s surface and
lower atmosphere;

» the Earth’s surface temperature has unequivodakyover the past 100 years, to
levels not seen in at least several hundred yeapassibly much longer, at the same
time that human activities have resulted in shagpeases in carbon dioxide and other
greenhouse gases;

» detailed observations of temperatures, greenhcasegreases, and other climate
forcing factors from an array of instruments, imtthg Earth-orbiting satellites, reveal
an unambiguous correspondence between human-intharedses in greenhouse
gases and planetary warming over at least thetipast decades, in addition to
substantial year-to-year natural climate variajilit

» the vertical pattern of atmospheric temperaturengbhaver the past few decades,
with warming in the lower atmosphere and coolinghia stratosphere (as shown in
Figure 3), is consistent with the pattern expeduael to greenhouse gas increases and
inconsistent with the pattern expected if othemelie forcing agents (eg changes in
solar activity) were responsible;

» estimates of changes in temperature and forcirtgi®over the first seven decades of
the 20" century are slightly more uncertain and also resigmificant decadal-scale
variability, but nonetheless indicate a consistefdtionship between long-term
temperature trends and estimated forcing by hurotawitées;

» the horizontal pattern of observed surface tempezathange over the past century,
with stronger warming over land areas and at hitdtéudes, is consistent with the
pattern of change expected from a persistent pesitimate forcing;

» detailed numerical model simulations of the climgtstem are able to reproduce the
observed spatial and temporal pattern of warmingndmthropogenic greenhouse
gas emissions and aerosols are included in thdadion, but not when only natural
climate forcing factors are included;

* both climate model simulations and reconstructmiit®mperature variations over the
past several centuries indicate that the currentnivey trend cannot be attributed to
natural variability in the climate system;

» estimates of climate forcing and temperature chauegea range of timescales, from
the several years following volcanic eruptionshiie 100,000+ year Ice Age cycles,
yield estimates of climate sensitivity that are sistent with the observed magnitudes
of observed climate change and estimated climaiteniy;, and

» there is not any compelling evidence for other fims®xplanations of the observed
warming, such as changes in solar activity, chaimgessmic ray flux, natural climate
variability, or release of heat stored in the deegan or other climate system
components.

In his ‘Discussion’ section, Carter (2008) attentptattribute recent trends in global average
temperature to solar activity:

“Ironically, though the late 2Dcentury warming was manifestly not dangerousctiveent
cooling may yet prove to be because of mountingeae of solar causation. A relationship
exists between the length of the sunspot cycletlam@nnual average temperature.”

He cites a paper by Christensen and Lassen (18%Ljpiport of the latter statement.
However, Damon and Laut (2004) have shown thaafiparent agreement between a
reduction in sunspot cycle lengths and an increagbal average temperature between
1880 and 1990 relied heavily on misleading presemaf data for the period from 1960.



When the correct data were added, it was cleathleagunspot cycle lengths have remained
roughly constant after 1960 while temperature haseased markedly. Damon and Laut
(2004) concluded:

“Now the sensational agreement with the recentajlalarming, which drew worldwide
attention, has totally disappeared. Nevertheléssatithors and other researchers keep
presenting the old misleading graph.”

The IPCC (2007a) concluded: “Most of the observexdase in global average temperatures
since the mid-20 century isvery likely[ie >90% probability] due to the observed increimse
anthropogenic greenhouse gas concentrations”. Htiemal Research Council (2010)
concluded: “Many lines of evidence support the twsion that most of the observed
warming over at least the last several decadesdsalhuman activities”. Stott et al. (2010)
concluded that “there is an increasingly remotesiil#ty that climate change is dominated
by natural rather than anthropogenic factors”. hsatements, each based on clear and
compelling evidence, are in stark contrast to dilewing inaccurate statement by Carter
(2008): “Little that is predicted by the dangerolisman caused global warming hypothesis
has yet been observed in empirical data”.

Expected and potential future changes in climate

The IPCC (2007a) pointed out that the Earth wasadly “committed” to a further rise in
global average temperature even if atmosphericagrations of greenhouse gases had been
held steady at their 2000 levels (with carbon diexat about 369 ppm). It stated: “Model
experiments show that even if all radiative forcaggnts were held constant at year 2000
levels, a further warming trend would occur in tiext two decades at a rate of about 0.1°C
per decade, due mainly to the slow response aft¢kans”.

Beyond the next two decades, estimates of potentizle changes in global average
temperature, and associated changes in the cliohgppend on a number of factors, including,
of course, atmospheric concentrations of greenhgases. The IPCC (2007a) provided
projections of future temperature development upli@0 based on the outputs of general
circulation models for a range of scenarios witffiedent levels of greenhouse gases. Carter
(2008) assumes that any future increase in greeehgas concentrations will have no
significant impact on global average temperatucldims that “only minor warming will
result from further increases in atmospheric carntioride above the assumed pre-industrial
level of about 280 ppm”. As noted in a previoudiseg Carter (2008) reaches this
conclusion by choosing an extremely low figuredquilibrium climate sensitivity that is not
supported by the evidence documented in the stieliigrature.

He cites a few comments about the uncertaintiemdhlimitations of climate models, and
includes quotes which he attributes to an entrg biog by Kevin Trenberth (2007), head of
the climate analysis section at the National CefiateAtmospheric Research in Boulder,
Colorado, USA. But by selectively omitting key gadf the text of the blog, he gives a
misleading impression of Trenberth’s views. Fotanse, Carter (2008) ignores the final
passages from Trenberth (2007):

“The IPCC report makes it clear that there is asstauttial future commitment to further
climate change even if we could stabilize atmosplemcentrations of greenhouse gases.



And the commitment is even greater given that #st tve can realistically hope for in the
near term is to perhaps stabilize emissions, wimehns increases in concentrations of long-
lived greenhouse gases indefinitely into the futtiteus future climate change is guaranteed.
So if the science is settled, then what are wenptanfor and adapting to? A consensus has
emerged that “warming of the climate system is ungxgal”’ to quote the 2007 IPCC Fourth
Assessment Working Group | and the science is oming that humans are the cause. Hence
mitigation of the problem: stopping or slowing greeuse gas emissions into the atmosphere
is essential. The science is clear in this respémivever, the science is not done because we
do not have reliable or regional predictions ofngte. But we need them. Indeed it is an
imperative! So the science is just beginning. Beigig, that is, to face up to the challenge of
building a climate information system that tradks turrent climate and the agents of
change, that initializes models and makes predistiand that provides useful climate
information on many time scales regionally andbtat to many sectoral needs. We will
adapt to climate change. The question is whetheitlibe planned or not? How disruptive

and how much loss of life will there be becausedwdenot adequately plan for the climate
changes that are already occurring?”

Crucially, Carter (2008) also neglects to refeth® following statement from Trenberth
(2007):

“The current projection method works to the extedbes because it utilizes differences
from one time to another and the main model biaksystematic errors are thereby
subtracted out. This assumes linearity. It worksggfobal forced variations, but it can not
work for many aspects of climate, especially thadated to the water cycle.”

Trenberth (2010) further elaborated on this pairdn article about the IPCC Fifth
Assessment Report:

“In previous IPCC assessments, changes in the atmeds concentrations of greenhouses
gases and aerosols over time were gauged usiraiadd emissions scenarios’, which are
informed estimates of what might happen in theritinder various sets of assumptions
related to population, lifestyle, standard of lyjrcarbon intensity and the like. Then the
changes in future climate were simulated for eddhease scenarios. The output of such
modelling is usually referred to as a projecti@ther than a prediction or a forecast. Unlike a
weather prediction, the models in this case arenitidlized with the current or past state of
the climate system, as derived from observatiorehd, they begin with arbitrary climatic
conditions and examine only the change in projecliedate, thereby removing any bias that
could be associated with trying to realisticalljsiate the current climate as a starting point.
This technique works quite well for examining hdwe tlimate could respond to various
emissions scenarios in the long term.”

Yet Carter (2008) cites Trenberth (2007) to jushify unsubstantiated conclusion that “it is
clear that deterministic GCMs do not produce priacBooutputs that are suitable for direct
application in policy making; it is therefore inappriate to use IPCC projections for
planning, or even precautionary, purposes as ¥ Were real forecasts of future climate”.

IPCC (2007a) presented projections for rises ibglaverage temperature by 2090-2099
compared with 1980-1999 (see Table 1). The pra@edbr the lowest emissions scenario
indicated a rise in global average temperaturesbfiben 1.1 and 2.9°C, while for the highest
emissions scenario the projected range was 2.4t€61PCC (2007a) concluded:



“Continued greenhouse gas emissions at or aboventuates would cause further warming
and induce many changes in the global climate sysigring the 2% century that wouldery
likely [i.e. >90% probability] be larger than those olserduring the 2B century”.

Potential impacts of future climate change

As noted in previous sections, Carter (2008) cotepteexcludes the probability of rises of
more than 1°C no matter what concentration of drease gases occurs in the atmosphere,
by disregarding the available scientific literatufais inevitably means that he is unable to
properly represent the potential impacts of futtii@ate change.

Carter (2008) claims that future rises in globarage temperature would not be harmful on
the following grounds: “First because any mild warghcaused by enhanced carbon dioxide
is likely to be of net climatic benefit; and, sedpbecause higher atmospheric carbon dioxide
both enhances plant growth and aids efficiencyatewuse (Eamus 1996)”. In fact, Eamus
(1996) pointed out:

“The lack of a decline in g [stomatal conductanoalsponse to C{enrichment, coupled

with the almost invariable increase in leaf ares ticcurs, requires a significant rise in water
use per tree. Such a result contradicts the ofted conclusion that trees growing in a£O
enriched environment may exhibit decreased seitgjtin experience decreased exposure, to
drought. In environments where water is limitinggtowth, such a lack of response of
stomata may increase exposure to drought.”

In a more recent review of the evidence aboutrifgact of climate change on water use by
vegetation in Australia, Macinnis-Ng and Eamus @Qbncluded:

“Climate change will cause hotter, driers condisiovith less rainfall across the majority of
the Australian continent. While most ecosystemsafeady well adapted to water-limitation,
the further reduction of water availability couphth increased atmospheric water demands
will have a significant impact on vegetation watee. Transpiration will decline due to
reduced rainfall causing reduced soil moisture.etfagon water use plays a major part in the
hydrological cycle with between 70 and 95% of ralhost as evapotranspiration. As rainfall
decreases, the proportion of rainfall used in etrapspiration increases, reducing the water
yield available for human consumption. Reductioavailable water supplies also threatens
the quality of water through changes in water clsémyni Current practices in water use are
not sustainable and more water efficient practiee=d to be developed to avoid a water
crisis.”

This is consistent with the findings of IPCC (20p7a

“Plant growth can be stimulated by increased atmesp CQ concentrations and by nutrient
deposition (fertilization effects). However, mogperiments and studies show that such
responses appear to be relatively short lived tnodgly coupled to other effects such as
availability of water and nutrients.”

Of course, by ignoring the potential impacts oingstemperature and other effects, Carter
(2008) disregards most of the likely consequen€etimate change. For instance, IPCC
(2007a) provided estimates of a range of globaleses rise for each of the emissions
scenarios, ranging from 18 to 38 cm by the endhefcentury for the lowest projection and



26 to 59 cm for the highest (see Table 1). IPC@T2) noted that the sea level estimates did
not include “uncertainties in climate-carbon cyldedback” or “the full effects of changes in
ice sheet flow”.

IPCC (2007b) concluded: “Observational evidencenfadl continents and most oceans show
that many natural systems are being affected bpmagclimate changes, particularly
temperature increases”. It noted that “other effe€tregional climate changes on natural and
human environments are emerging, although mangitireult to discern due to adaptation
and non-climatic drivers”, but pointed out that ‘gn&udes of impact can now be estimated
more systematically for a range of possible inaeagylobal average temperature” (see
Figure 4).

IPCC (2007b) concluded: “Impacts of climate chamgevary regionally but, aggregated
and discounted to the present, they are very liteelynpose net annual costs which will
increase over time as global temperatures increaketever, it also added:

“Even the most stringent mitigation efforts canawebid further impacts of climate change in
the next few decades, which makes adaptation éakearticularly in addressing near-term
impacts. Unmitigated climate change would, in theglterm, be likely to exceed the capacity
of natural, managed and human systems to adapt.

“This suggests the value of a portfolio or mix tagegies that includes mitigation,
adaptation, technological development (to enhante &daptation and mitigation) and
research (on climate science, impacts, adaptatidnratigation). Such portfolios could
combine policies with incentive-based approaches,ations at all levels from the
individual citizen through to national governmeatsl international organizations.”

Conclusions

This paper describes some of the many seriousigniicant flaws in Carter (2008).

Although there are many other glaring mistakesant€ (2008) those that are described here
clearly show that he gives a misleading impressiathe findings and views of mainstream
researchers, particularly the authors of the repafrthe IPCC.

One of the many ironies on display in Carter (2088)is constant reference to mainstream
researchers as “alarmists” while complaining thatsblicitedad hominenattacks are made

on qualified persons who espouse different viewd,&@ho are often disparaged as ‘sceptics’,
‘deniers’, or worse”. His paper reads like a pieterude political propaganda, rather than “a
critical account of the scientific arguments thavé been claimed as evidence for dangerous,
human-caused global warming”. In summary, Carté08} is possibly the most inaccurate
and misleading article about climate change thatdvar been published by a journal.
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Figures

Figure 1 Comparison of records of annual global averaggtrature anomalies
(relative to 1961-1990) between 1850 and 2009.blaek line represents mean temperature
values, with the grey area representing the 95% taiaty range, from Met Office/Climatic
Research Unit record (HadCRUTS3). The red line regmés mean temperature values from
the NOAA NCDC record. The blue line represents nteamperature values from the NASA
GISS record. Source: UK Met Office, Crown copyright
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Figure 2 Global average land-surface, sea-surface andicechband- and sea-surface
temperature anomalies 1850-2009 from HadCRUT3.rétddbars show the global annual
average near-surface temperature anomalies (rekati¥961-1990) from 1850 to 2009 for
land areas only (top), ocean areas only (middld)cambined land and ocean (bottom). The
error bars show the 95% uncertainty range on thearaverages. The thick blue line shows
the annual values after smoothing with a 21-poinmbimial filter. The thin blue lines show
the 95% uncertainty range on the smoothed curvarc8oUK Met Office, Crown copyright.
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Figure 3 Temperature anomalies (relative to 1961-199@héntropical lower
stratosphere, tropical lower troposphere and serfaom January 1958 to March 2010.
Source: UK Met Office, Crown copyright. HadAT2 ragonde data and HadCRUT3 surface
data are produced by the UK Met Office Hadley GarittAH MSU satellite data are
produced by the University of Alabama in Huntsvdled are available courtesy of John
Christy and Roy Spencer. RSS MSU satellite datparéuced by Remote Sensing Systems
and are available courtesy of Carl Mears.
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Tablel: Projected global average surface warmigsaa level rise at the end of the
21 century. Source: IPCC (2007a) Table SPM.3, p.13.

Temperature Change Sea Level Rise
(°C at 2090-2099 relative to 1980-1999)a (m at 2090-2099 relative to 1980-1999)
Best Likely Model-based range excluding future

estimate range rapid dynamical changes in ice flow
Constant Year 2000
concentrations? 0.6 03-0.9 NA
B1 scenario 1.8 1.1-29 0.18-0.38
AI1T scenario 24 1.4-3.8 0.20-0.45
B2 scenario 24 1.4-38 0.20-0.43
A1B scenario 28 1.7-44 0.21-0.48
A2 scenario 3.4 2.0-54 0.23-0.51
A1FI scenario 4.0 24-6.4 0.26 - 0.59

Table notes:

2 These estimates are assessed from a hierarchy of models that encompass a simple climate model, several Earth System Models of Intermediate
Complexity and a large number of Atmosphere-Ocean General Circulation Models (AOGCMs).
b Year 2000 constant composition is derived from AOGCMs only.



Figure 4: Examples of global impacts projectedctoeinges in climate (and sea level
and atmospheric carbon dioxide where relevant)cestsal with different amounts of
increase in global average surface temperatuteei@ £' century. This is a selection of some
estimates available for inclusion in IPCC (2007Aid).entries are taken from published
studies that are referenced in chapters of IPCG7RD Edges of boxes and placing of text
indicate the range of temperature change to wiiehrhpacts relate. Arrows between boxes
indicate increasing levels of impacts between egtons. Other arrows indicate trends in
impacts. All entries for water stress and floodiegresent the additional impacts of climate
change relative to the conditions projected actlossange of projected scenarios.
Adaptation to climate change is not included irsthestimations. For extinctions, ‘major’
means ~40 to ~70% of assessed species. Source:(BOTh), Table TS.3, p.66.
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