" $ % %

& o
DL
+,-).+H&
" #
$
% % $ &
1 % (
) % *+ ’ $ $*x *
-% . % % / # 0 %
$
%
& $
%
$1 !
#0%
&0 121 ).. +&

POSITION STATEMENT

The Geological Society of America concurs with lkegments of recent assessments by the Nationalefuad
and the Intergovernmental Panel on Climate Chal®€(). Global climate has warmed by ~0.7 °C sirtoe t
middle to late 1800s, and human activities (maimgenhouse-gas emissions) account for most of trening
since the middle 19002$
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If current trends continu$ > ?

@ the projected increase in global temperature byetiteof the twenty-first century will result in
large negative impacts on humans and other lifms$orAddressing the challenges posed by future epoigenic
warming will require a combination of national amdernational emissions reductions and adaptatiorhose
changes that occur.

Purpose
This position statement (1) summarizes the recestiigngthened basis for the conclusion that hunamesthe

primary factor responsible for recent global wampir2$
%
A % @ (2) describes the large effects on humans and
ecosystems if greenhouse-gas concentrations abdlgibmate reach projected levelss B
0
% @ and (3) provides information for policy decisiongidjing
mitigation and adaptation strategies designed thesd the future impacts of anthropogenic warniag.
% @

Rationale
Recent scientific advances have eliminated or tyreatluced previous uncertainties about the sizkcauses of

recent global warming2$

% @
Ground-station measurements have shown a rapidimgutmend of ~0.7 °C since the mid-1800s, and tii@ed is
consistent with (1) retreat of northern hemisplsraw and Arctic sea ice in the last 40 years;

CO, I #
@ (2) greater heat storage in the
ocean over the last 50 yeaP§ 35== 3555
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(3) retreat of most mountain glaciers since 1859; % I $
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(4) an ongoing rise of global sea level for morantla century?2! % %
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and (5) proxy reconstructions of temperature chavge past centuries from ice cores, tree ringd,cmals. Both
instrumental records and proxy indices from geaagiurces show a temperature rise since 1850gHat imore

rapid than any in records extending back at leatahmillennium.2$ /
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Measurements from satellites beginning in 1979ailht did not show a warming trend, but later sesgl{iMears

and Wentz, 2005; Santer et al., 2008) found thaisttellite data had not been fully adjusted fesés of satellite
elevation through time, differences in time of @fiover a given location, and removal of higheavakion effects

on the lower tropospheric signal. With these factaken into account, the satellite data are noasgic agreement
with ground-station data and confirm a warming dreince 1979. In a related study, Sherwood e280%) found
problems with corrections of tropical daytime refinde measurements and largely resolved a previous
discrepancy with ground-station trends. As a resh# warming of Earth’s surface by ~0.7 °C sin8&QLis no

longer open to serious challenge. ' 0 %
2 1'$ ' 0 % @

Several potential causes of this warming trendlmEeliminated. Long-term changes driven by changé&sarth’s

orbit or its tectonism are far too slow to haveyplha significant role in a 150-year trend. Larg&anic eruptions
cooled global climate for a year or two, and El dNi@pisodes warmed it for about a year, but neifhetor

dominates multi-decadal trends.

As a result, human influences and solar fluctuatiare the only factors that could have changediisapnough
and lasted long enough to explain the observedgasim global temperature. Although the 3rd (20BOC report
allowed that solar fluctuations might have contr@slas much as 30% of the warming since 1850, guksé
observations of Sun-like stars (Foukal et al., 208d4d new simulations of the evolution of solar rses of

irradiance variations (Wang et al., 2005) have ceduthese estimate:
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The 4th IPCC report concluded that changes in soiadiance, continuously measured by satellitesesil979,
account for less than 10% of the recent warni2$g.
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Greenhouse gases remain as the major explanatiomat€ model assessments of the natural and argenyic
factors responsible for this warming conclude tligihg anthropogenic emissions of greenhouse dases been

an important contributor since the mid-1800s aredrtfajor factor since the mid-190@$ %
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The CO2 concentration in the atmosphere is now ~Bffter than peak levels measured in ice corethfotast
800,000 years, 2% 91 % %
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and the methane concentration is 2.5 times highelf. of Earth’s warming has occurred through theibeat-
trapping effect of the gases in the absence offaagiback processes. This “clear-sky” part of thepoase to
climate is known with high certainty. The other fhaf the estimated warming results from the netdffof
feedbacks in the climate system: a very large pesieedback from water vapor; a smaller positeedback from
snow and ice albedo; and sizeable, but still uagernegative feedbacks from clouds and aerosdis. vertical
structure of observed changes in temperature anirwapor in the troposphere is consistent with the
anthropogenic greenhouse-gas “fingerprint” simwaabgy climate models (Santer et al., 2003%.
. % %
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Considered in isolation, the greenhouse-gas inesedisring the last 150 years would have causedmaing larger
than the one actually measur@s, -

% @
but negative feedback from clouds and aerosols dféset part of the warming2$
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In addition, because the oceans take decades gonedully to climatic forcing, the climate systemas yet to
register the complete effect of gas increasesderedecades.
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These advances in scientific understanding of tewarming form the basis for projections of futetfeanges2J
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If greenhouse-gas emissions follow the currenettajy beyond the twenty-first century, CO2 lewsii reach
two to four times pre-industrial levels, for a fotaarming of 2.4—4.6 °C compared to 1850. This mnfchanges
would substantially alter the functioning of theupét in both positive and negative ways. Severgative changes

involve risk to humans and other life forms: (Inhtioued shrinking of Arctic sea i@
35==43555 =@

with effects on native cultures and ice-dependértab(2) less snow accumulation and earlier melnbuntains,
with reductions in spring and summer runoff foriegjtural and municipal water; (3) disappearancenountain

glaciers2 " F L ' % %
% % @

and their late-summer runoff; (4) increased evapmrarom farmland soils and stress on crops; (®ater soil
erosion due to increases in heavy convective sunmaiefall; (6) longer fire seasons and increasedir@
frequency; (7) severe insect outbreaks in vulnerdbfest stands; (8) acidification of the globatawe; and (9)
fundamental changes in the composition, functionargl biodiversity of many terrestrial and maritesystems.
Melting of Greenland and West Antarctic ice (dtijhly uncertain as to amount), along with thermgbansion of
seawater and melting of mountain glaciers, will ssasubstantial future sea-level rise along dengepulated

coastal regions, inundating farmland and dislogaprople.2$
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Because Earth’s history shows past examples oé langl abrupt changes occurring within decadegydbsibility
exists for rapid future changes in response toess®d greenhouse-gas concentrati@ss.
' “large and abrupt changes occurring within decadés
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Carbon-climate model simulations indicate that I¥2of the anthropogenic CO2 “pulse” could stay lie t
atmosphere for thousands of yeafs
*+
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, extending the duration of fossil-fuel warming dteleffects on humans and other life forms. Thdification of
the global ocean, and its effect on ocean lifel, lagt for tens of thousands of years.



Public Policy Aspects

Recent scientific investigations have strengthethedcase for policy action to reduce greenhouseegassions
and to adapt to unavoidable climate change. Tangthen the consensus for action, this statememn fifee
Geological Society of America is intended to infopmlicymakers about improved knowledge of Earthimate
systems based on recent advances in climate sci@eoscientific investigations have contributedhis improved
understanding of the climate system and strengthdéhe case for human-caused global warming, progidi
policymakers with a unique perspective on whichbsse mitigation and adaptation strategies. Futlineate
change will pose societal, biological, economia] atrategic challenges that will require a combarabf national
and international emissions reductions and adapistiThese challenges will also require balancedtiaoughtful

national and international discussions leadinga@ftll long-term planning and sustained policy @i 2$
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* Public investment is needed to improve our urtdading of how climate change impacts society,udicig on
local and regional scales, and to formulate ad@aptaheasures. Sustained support of climate-relegedarch to
advance understanding of the past and presenttmpedd the climate system is needed, with paréicdbcus on
the major remaining uncertainties in understanding predicting Earth’s future climate at regionatl aylobal
scales. Focused research is needed to improvebiity to assess the response and resilience ofaladnd human
systems to past, present, and future changes itlithate system.

 National and international planning is neededddress challenges posed by future climate chavege-, mid-,
and long-term strategies for climate-change ewvajtiadaptation, and mitigation, based in part oowkedge
gained from studies of previous environmental ckanghould be developed.

» Public policy should include effective strategies the reduction of greenhouse-gas emissionsthHaas a
virtually unlimited supply of low-carbon energy. €eeffective investments to improve the efficienmythese
natural resources can reduce the economic imphtie meeded changes.

Opportunities for GSA and GSA Members to Help Impéat Recommendations

To facilitate implementation of the goals of thissgion statement, the Geological Society of Amernecommends
that its members take the following actions:



* Actively participate in professional educatiordatiscussion activities so as to be technicallyl iébrmed about
the latest advances in climate science. GSA shenltburage symposia at national and regional mesetiog
educate members on mainstream understanding anemsgigntists and climate scientists of the causddgure

effects of global warming within the broader comteknatural variability. These symposia shouldkseeactively

engage members in hosted discussions that clasiyes, possibly utilizing educational formats ottiem the

traditional presentation and Q&A session.

» Engage in public education activities in the camity, including at the local level. Public educatiis a critical
element of a proactive response to the challengesepted by global climate change. GSA members
encouraged to take an active part in outreach ibeivto educate the public at all levels (loca&gional, and
national) about the science of global warming ahe importance of geological research in framingigyol
development. Such activities can include organizamgl participating in community school activitideading
discussion groups in churches or other civic orgtions; meeting with local and state communitydéza and
congressional staffs; participating in GSA’s Corsgienal Visits Day; writing opinion pieces and det to the
editor for local and regional newspapers; contiitiuto online forums; and volunteering for orgati@as that
support efforts to effectively mitigate and adapgtobal climate change.

* Collaborate with a wide range of stakeholderbdtp educate and inform them about the causesrapacts of
global climate change from the geosciences perispe@SA members are encouraged to discuss witimésses

are

and policymakers the science of global warming,wasl as the opportunities for transitioning fromrou

predominant dependence on fossil fuels to greaiofilow-carbon energies and energy efficiencies.

» Work interactively with other science and polgncieties to help inform the public and ensure fledicymakers
have access to scientifically reliable informati@SA should actively engage and collaborate witieoearth-
science organizations in recommending and forrmgatiational and international strategies to addirapgnding
impacts of anthropogenic climate change.

» Take advantage of the following list of referesiéer a current scientific assessment of globahate change.
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