Impacts of climate-related geo-engineering on lgmial diversity
Annotated Bibliography and other Relevant Citations

*Note: For information purposes only. Articles describeddpen Access Article* are available online throsgme
form of open access - This does not imply any gueeaor determination on the part of the Secrdttré these articles
are or will be available to download for every readome journals may request free registratioarbedccess is granted.

Abate, R. S. and A. B. Greenlee (2010). "SowingdSddncertain: Ocean Iron Fertilization, Climate Gf&, and the
International Environmental Law Framework." Pace@iEimmental Law Reviev27 (2)
Open Access Article* Availableat: http://digitalcommons.pace.edu/pelr/vol27/iss2/5

Agrawal, A. (1995). "Indigenous and Scientific Knedge: Some Critical Comments." Indigenous Knowéedgd
Development MonitoB: 3-6
Open Access Article* Available at: http://www.fisip.ui.ac.id/antropologi/httpdocs/juaiil 998/55/diskusi%20arun.pdf

Allenby, B. (2010). "Climate change negotiations @eoengineering: Is this really the best we ca# @mvironmental
Quality Managemerf0: 1-16 DOI: 10.1002/tgem.20276
Available at: http://doi.wiley.com/10.1002/tgem.20276

Alley, R. B., J. Marotzke, et al. (2003). "Abrupihcate change.” Scien@99: 2005-2010 DOI: 10.1126/science.1081056
Available at: http://www.sciencemag.org/content/299/5615/200&ract
Large, abrupt, and widespread climate changesmaijor impacts have occurred repeatedly in the pdastn the
Earth system was forced across thresholds. Althabghpt climate changes can occur for many reagass,
conceivable that human forcing of climate changadseasing the probability of large, abrupt eveliere such
an event to recur, the economic and ecological itspeould be large and potentially serious. Unputedility
exhibited near climate thresholds in simple modh®wvs that some uncertainty will always be assediaitith
projections. In light of these uncertainties, pplmakers should consider expanding research imapablimate
change, improving monitoring systems, and takirtgpas designed to enhance the adaptability antieesé of
ecosystems and economies.
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Climate change is projected to significantly impasgetation and soils of managed ecosystemsidrsthdy we
used the ecosystem Century model together withatimoutputs from different atmosphere-ocean génera
circulation models (AOGCM) to study the effectcbimate change and management on soil organic narbo
(SOC) dynamics in semiarid Mediterranean conditimmg to identify which management practices hage th
greatest potential to increase SOC in these af@asclimate scenarios and seven management soswegre
modeled from 2010 to 2100. Differences in SOC sstjagon were greater among management systems than
among climate change scenarios. Management scenauiter continuous cropping yielded greater C impuat
SOC gain than scenarios under cereal-fallow ratafidne shift from rain-fed conditions to irrigatiatso resulted
in an increase of C inputs but a decrease in thé S£guestered during the 2010-2100 period. Theteftd
precipitation and temperature change on SOC dyrsawice different depending on the management system
applied. Consequently, the relative response tmaté and management depended on the net resh# of t
influences on C inputs and decomposition. Undenaie change, the adoption of certain managemectiges in
semiarid Mediterranean agroecosystems could beatrih maximizing SOC sequestration and thus redyc
CO2 concentration in the atmosphere.
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Climate change is occurring, is caused largelialoyan activities, and poses significant risks fod-an many
cases is already affecting-a broad range of humdmatural systems. The compelling case for theselasions
is provided in Advancing the Science of Climate @& part of a congressionally requested suit¢udlies
known as America's Climate Choices. While notiraf there is always more to learn and that the sben




process is never closed, the book shows that hgpethabout climate change are supported by mulitiele of
evidence and have stood firm in the face of serialmte and careful evaluation of alternative engiians. As
decision makers respond to these risks, the natsarentific enterprise can contribute through aiese that
improves understanding of the causes and conseggieficlimate change and also is useful to decisiakers at
the local, regional, national, and internationakls. The book identifies decisions being madeZisdctors,
ranging from agriculture to transportation, to itigndecisions being made in response to climatnge.
Advancing the Science of Climate Change calls feingle federal entity or program to coordinateatiamal,
multidisciplinary research effort aimed at imprayinoth understanding and responses to climate eh&ayen
cross-cutting research themes are identified tpatphis scientific enterprise. In addition, leeslef federal
climate research should redouble efforts to deplopmprehensive climate observing system, imprboete
models and other analytical tools, invest in hurapital, and improve linkages between researctdani$ions
by forming partnerships with action-oriented pragsa
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Explosive volcanism and solar activity changesehaedulated the Earth’s temperature over shorcantury
time scales. Associated with these external focimgre systematic changes in circulation. Heregxptore the
effect of similar but artificially induced forcingbat mimic natural radiative perturbations in grttestabilize
surface climate. Injection of sulfate aerosols i@ stratosphere, not unlike the effects fromdarglcanic
eruptions, and a direct reduction of insolatiomikir to total solar irradiance changes, are teistedeir
effectiveness to offset global mean temperatugerasulting from a businessusual scenario, thereby reducing
surface temperatures to conditions associatedamitimitted warming of a year 2000 stabilization scém This
study uses a coupled Atmosph&eean General Circulation Model to illustrate tharacter of resulting climate
and circulation anomalies when both enhanced greesgh(A2 scenario) and opposing geoengineering
perturbations are considered. First we quantifyniagnitude of the required perturbation and compaese
artificial perturbations to the natural range df tespective forcing. Then, we test the effectigera the
“correction” by looking at the regional climate pesise to the combined forcing. It is shown thatesjtead
warming could be reduced, but overcompensatiohertropics is necessary because sea ice losshiatitydes
cannot be reversed effectively to overcome higleean heat content and enhanced zonal winter diiculas
well as the continuous IR forcing. The magnitude®iv, greenhouse gasuntering anthropogenic forcing
would have to be much larger than what naturalifigrérom volcanoes and solar irradiance variabiigynmonly
provide.
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The Copenhagen Accord reiterates the internaticoraimunity's commitment to ‘hold the increase obgl
temperature below 2 degrees Celsius'. Yet its peddocus on global emission peak dates and leteyer
reduction targets, without recourse to cumulativiission budgets, belies seriously the scale angesob
mitigation necessary to meet such a commitmenteblar, the pivotal importance of emissions from-Ammex
1 nations in shaping available space for Annex s&ion pathways received, and continues to recéitte,
attention. Building on previous studies, this papsgs a cumulative emissions framing, broken deminex 1
and non-Annex 1 nations, to understand the impdinatof rapid emission growth in nations such am&hand
India, for mitigation rates elsewhere. The analgsiggests that despite high-level statements todhtary,
there is now little to no chance of maintaining ¢h@bal mean surface temperature at or below 2(fA@eover,
the impacts associated with 2(°)C have been revipgards, sufficiently so that 2(°)C now more appiately
represents the threshold between 'dangerous"enen'®ly dangerous' climate change. Ultimately,atience of
climate change allied with the emission scenamo®Ahnex 1 and non-Annex 1 nations suggests aabylic
different framing of the mitigation and adaptatirallenge from that accompanying many other anajyse
particularly those directly informing policy.
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The 2007 Bali conference heard repeated calleeftuctions in global greenhouse gas emissions pEb@ent by
2050 to avoid exceeding the 2 degrees C thresiihile such endpoint targets dominate the policyndgethey
do not, in isolation, have a scientific basis arelliely to lead to dangerously misguided policiés be
scientifically credible, policy must be informed ag understanding of cumulative emissions and &tedc
emission pathways. This analysis considers theidaibns of the 2 degrees C threshold and a rahgest-peak
emission reduction rates for global emission pagtsneand cumulative emission budgets. The paper eyeami
whether empirical estimates of greenhouse gas Emssbetween 2000 and 2008, a period typically rede
within scenario studies, combined with short-textrapolations of current emissions trends, sigaifity
constrains the 2000-2100 emission pathways. Thergagmcludes that it is increasingly unlikely ahgil
agreement will deliver the radical reversal in esigis trends required for stabilization at 450 ppararbon
dioxide equivalent (CO2e). Similarly, the curreratrhing of climate change cannot be reconciled thi¢hrates of
mitigation necessary to stabilize at 550 ppmw€and even an optimistic interpretation suggesatsilstation
much below 650 ppmv C@ is improbable.
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A lack of buy-in by the United States arguablyresgnts the greatest obstacle to tackling climaaege. A
major new report urges America to take action toecnissions and begin adapting to climate change.
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The objective of this study was to investigatedffect of biochar application (CA) on soil phydipaoperties
and grain yields of upland rice (Oryza sativa h.jporthern Laos. During the 2007 wet season, ttifézrent
experiments were conducted under upland condiibd® sites, combining variations in CA amountsl@®+
ha 11), fertilizer application rates (N and P) and recdtivars (improved and traditional) in northerads. CA
improved the saturated hydraulic conductivity af tbhp soil and the xylem sap flow of the rice pl&@W resulted
in higher grain yields at sites with low P availapiand improved the response to N and NP chenfiartlizer
treatments. However, CA reduced leaf SPAD valuessiply through a reduction of the availabilitysoil
nitrogen, indicating that CA without additionalNtiézer application could reduce grain yields inlsavith a low
indigenous N supply. These results suggest thah&Athe potential to improve soil productivity gland rice
production in Laos, but that the effect of CA apation is highly dependent on soil fertility andtilezer
management.
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Despite ongoing efforts to reduce emissions angtadahe changing climate, global greenhouse gasstons
are far above what is required to reverse the @sing changes in atmospheric composition. In resptm
growing calls for research to explore the poteritaklimate engineering to provide additional ops for
responding, the Asilomar International Conferencé&Ctimate Intervention Technologies was held at the
Asilomar Conference Center in California from Mag&hto 26, 2010. The conference attracted a divgnmap of
experts from fifteen countries on six continentgs@ntations and discussions covered the two roajegories
of climate engineering: (a) remediation technolsggich as afforestation, carbon removal, and ocean
fertilization, that attempt to reduce the causedliofate change, and so represent an extensiortigiation, and
(b) intervention technologies, such as solar ra@hananagement, that attempt to moderate the sesittaving
altered atmospheric composition, and so represeektension of adaptation to climate change. Tonpte the
responsible conduct of research on climate engimgarecommendations were made to adopt five plasi (1)
climate engineering research should be aimed angiing the collective benefit of humankind and the



environment; (2) governments must clarify respadiisés for, and, when necessary, create new meshenfor
the governance and oversight of large-scale climatgneering research activities; (3) climate-eagimg
research should be conducted openly and coopdyatpreferably within a framework that has broad
international support; (4) iterative, independectinical assessments of research progress widldudred to
inform the public and policymakers; and (5) pulplaticipation and consultation in research plan@ing
oversight, assessments, and development of degisaiimg mechanisms and processes must be provitied.
conferees concluded that expanding and continliegliscussion with an even broader set of partitgpwill be
an essential step in moving forward to explorepiential benefits, impacts, and implications dhelte
engineering.
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Despite the growing number of in situ iron ferdiion experiments, the efficiency of such ferstion to
sequester atmospheric €@mains largely unknown. For the first time, abglbocean biogeochemical model has
been evaluated against those experiments and feehto estimate the effect of a long-term and laagge iron
addition on atmospheric GOThe model reproduces the observed timing andiardplin chlorophyll, the shift
in ecosystem composition, and the pGitawdown; it also proves to be of utility in inpeeting the observations.
However, a full ocean fertilization during 100 ygaesults in a 33 matm decrease in atmospheric ©@wis 2 to
3 times smaller than found previously.
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The United Nations Framework Convention on Clin@2kainge (UN FCCC 1992) calls for stabilization of
atmospheric greenhouse gas (GHG) concentraticange®el that would prevent dangerous anthropogenic
interference with the climate system. We use thtebal energy system models to investigate thentalolgical
and economic attainability ofmeeting €€bncentration targets below current levels. Oenado studies reveal
that while energy portfolios from a broad rangeérgy technologies are needed to attain low caratems,
negative emission technologies—e.g., biomass eneitgycarbon capture and storage (BECCS)— sigmifiga
enhances the possibility to meet low concentraaogets (at around 350 ppm g0

Backstrand, K., J. Meadowcroft, et al. (2011). "Paditics and policy of carbon capture and stor&gaming an

emergent technology." Global Environmental Cha?ije275-281 DOI: 10.1016/j.gloenvcha.2011.03.008

Available at: http://linkinghub.elsevier.com/retrieve/pii/fSOEB011000355
Over the past decade carbon capture and stor&2f@) (@as attracted increasing international attardg®a climate
change mitigation option and moved into the ceotelimate policy debates and negotiations. Thexsyd issue
of Global Environmental Change brings togetherileg@dcholars to analyze the politics, policy anglutation of
CCS in cross-country comparisons as well as iobaglcontext. The aim is to contribute on two feoffirst, by
applying concepts, theories and methodologies tr@social and policy sciences, to elucidate hoviesies are
engaging with CCS as a mitigation option; and sdlyorio point toward a future research agenda whigtile
exploring basic aspects of technology developmeisitaated in a social context, would also be alihwith the
needs of the climate and environmental policy comitguThe contributions address at least one adhr
inter-related research areas; CCS and the emergéitmeg-term climate and energy strategies; reguapolicy
instruments and public acceptance; and interndtjmoldics and CCS in developing countries.
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Recent studies have shown that changes in sal@ticn affect the hydrological cycle more strontiign
equivalent CO2 changes for the same change in Ighodan surface temperature. Thus, solar radiation
management “‘geoengineering” proposals to complaiffiset global mean temperature increases byaieduhe




amount of absorbed sunlight might be expectedaw the global water cycle and reduce runoff ovadla
However, pro- posed countering of global warmingrimyeasing the albedo of marine clouds would reduc
surface solar radiation only over the oceans. Hergn idealized scenario, we analyze the respohse
temperature and the hydro- logical cycle to inceda®flection by clouds over the ocean using arogpineric
general circulation model coupled to a mixed layegan model. When cloud drop- lets are reduceizénaer
all oceans uniformly to offset the temperature éase from a doubling of atmospheric Cthe global-mean
precipitation and evaporation decreases by ab8&b but runoff over land increases by 7.5% primadlig to
increases over tropical land. In the model, moflectve marine clouds cool the atmospheric colwwear ocean.
The result is a sinking motion over oceans and ugw#otion over land. We attribute the increasefuover
land to this increased upward motion over land wianne clouds are made more reflective. Our resuiggest
that, in contrast to other proposals to increaangihry albedo, offsetting mean global warmingdmucing
marine cloud droplet size does not necessarily teaddrying, on average, of the continents. Howewe note
that the changes in precipitation, evaporationRuitlare dominated by small but significant aread,given the
highly idealized nature of this study, a more thgto and broader assessment would be requireddpogpals of
altering marine cloud properties on a large scale.
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The rapidly rising CQJ level in the atmosphere has led to proposaldimbte stabilization by "geoengineering”
schemes that would mitigate climate change by tidpally reducing solar radiation incident on E&tburface.
In this article we address the impact of theseatiistabilization schemes on the global hydroldgigele. By
using equilibrium climate simulations, we show timslation reductions sufficient to offset glolsakale
temperature increases lead to a decrease in giusai precipitation. This occurs because solarrigris more
effective in driving changes in global mean evaporathan is CQJ forcing of a similar magnitude. In the model
used here, the hydrological sensitivity, definedh&spercentage change in global mean precipitpgodegree
warming, is 2.4% K(-1) for solar forcing, but orlly5% K(-1) for COf) forcing. Although other models and the
climate system itself may differ quantitativelyrindhis result, the conclusion can be understooddasa simple
considerations of the surface energy budget arglifhlikely to be robust. For the same surface t¥atpre
change, insolation changes result in relativelgdachanges in net radiative fluxes at the surfese are
compensated by larger changes in the sum of latehsensible heat fluxes. Hence, the hydrologigekds
more sensitive to temperature adjustment by chaingasolation than by changes in greenhouse gasés.
implies that an alteration in solar forcing miglffiset temperature changes or hydrological changes f
greenhouse warming, but could not cancel both eg.on
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There is increasing evidence that Earth’s clinmtairrently warming, primarily due to emissionsggogéenhouse
gases from human activities, and Earth has begeqted to continue warming throughout this cent@gientists
have begun to investigate the potential for geaeraging options for reducing surface temperatunelsvéehether
such options could possibly contribute to environtakrisk reduction. One proposed method involves
deliberately increasing aerosol loading in thetssijghere to scatter additional sunlight to spaoeviBus
modeling studies have attempted to predict theatBhconsequences of hypothetical aerosol additomtise
stratosphere. These studies have shown that thieotheould potentially reduce surface temperaturescould
not recreate a low-CLlimate in a high-C@world. In this study, we attempt to determine [tte&udinal
distribution of stratospheric aerosols that woulsstrclosely achieve a low-G@limate despite high CQevels.
Using the NCAR CAMS3.1 general circulation model, fivel that having a stratospheric aerosol loadimgadlar
regions higher than that in tropical regions letadas temperature distribution that is more simitathe low-CQ
climate than that yielded by a globally uniformdo®y. However, such polar weighting of stratosphetilfate
tends to degrade the degree to which the hydrabgicle is restored, and thus does not markediyritute to
improved recovery of a low-CQlimate. In the model, the optimal latitudinallstrying aerosol distributions
diminished the rms zonal mean land temperaturegeghfitom a doubling of C£by 94% and the rms zonal mean
land precipitation minus evaporation change by 7H%.important to note that this idealized studpresents a
first attempt at optimizing the engineering of ditm using a general circulation model; uncertasndie high and
not all processes that are important in realityraogleled.
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Climate change is increasingly been called a ‘sg¢yroblem, and there has been speculation tlate
change may increase the risk of violent conflittisTpaper integrates three disparate but well-dedrbodies of
research e on the vulnerability of local places swaial groups to climate change, on livelihoodd aolent
conflict, and the role of the state in developreerd peacemaking, to offer new insights into thatiehships
between climate change, human security, and vialemfiict. It explains that climate change incregty
undermines human security in the present day, alhthereas- ingly do so in the future, by reduciacress to,
and the quality of, natural resources that are imapb to sustain livelihoods. Climate change i dileely to
undermine the capacity of states to provide the@oppnities and services that help people to susheir
livelihoods. We argue that in certain circumstartbese direct and indirect impacts of climate cleamig human
security may in turn increase the risk of violeoftict. The paper then outlines the broad contafiis research
programme to guide empirical investigations inte tisks climate change poses to human securitypaade.
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The focus of climate policy so far has been omiced) the accumulation of greenhouse gases. Tipabaph,
however, requires broad international cooperatiuh heing expensive, has been hindered by freeg;ido far,
little action has been taken. An alternative appida to counteract climate change by reducingatheunt of
solar radiation that strikes the Earth—*geoengimggt In contrast to emission reductions, this agmh is
inexpensive and can be undertaken by a single oountilaterally. But geoengineering also has winigy
conseguences: it may harm some countries; it woolichddress ocean acidification; it would pose risits. The
fundamental challenge posed by this new technakogyt free riding but governance: who should dediénd
under what circumstances geoengineering shoulcgéd?u
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Climatic changes threaten the planet. Most adicddated to the subject present estimates ofifasters
expected to occur, but few have proposed waysdbvdgh the impending menaces. One such threseiglobal
warming caused by the continuous increase in €flssions leading to rising ocean levels dueeadribreasing
temperatures of the polar regions. This threasssiaed to eventually cause the death of hundreahdladns of
people. We propose to desalinize ocean water asaasro reduce the rise of ocean levels and tthissevater
for populations that need good quality potable watescisely in the poorest regions of the plafiethnology is
available in many countries to provide desalinatater at a justifiable cost considering the liviegatened both
in coastal and desertified areas.
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Purposeful deep-sea carbon dioxide sequestragialiréct injection of liquid C@into the deep waters of the
ocean has the potential to mitigate the rapidinsgmospheric levels of greenhouse gases. One &fstoncern
for this carbon sequestration option is the impdchanges in seawater chemistry caused byi@j€ction on
deep-sea ecosystems. The effects of deep-sea ddidxicke injection on in faunal deep- sea organisrase
evaluated during a field experiment in 3600 m degfttCalifornia, in which liquid CQwas released on the
seafloor. Exposure to the dissolution plume emagdtiom the liquid C@resulted in high rates of mortality for
flagellates, amoebae, and nematodes inhabiting®eds in close proximity to sites of Gelease. Results from
this study indicate that large changes in seavadtemistry (i.e. pH reductions of ~0.5-1.0 pH unitsar CQ
release sites will cause high mortality rates fesrby in faunal deep-sea communities.
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Although recent studies suggest that climate chanay substantially accelerate the rate of spéusssin the
biosphere, only a few studies have focused onahengial consequences of a spatial reorganizafion o
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zooplanktonic biodiversity in the extratropical WoAtlantic Ocean in recent decades.We also shattliis rise
in biodiversity paralleled a decrease in the mezaaf zooplanktonic copepods and that the reomgdioin of the
planktonic ecosystem toward dominance by smallgamisms may influence the networks in which carbon
flows, with negative effects on the downward bidbad carbon pump and demersal Atlantic cGddqus
morhua). Our study suggests that, contrary to the usuatpretation of increasing biodiversity being aipee
emergent property promoting the stability/resiliend ecosystems, the parallel decrease in sizgkoktonic
organisms could be viewed in the North Atlanticeducing some of the services provided by marimsystems
to humans.
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We provide evidence of large-scale changes imbitgeography of calanoid copepod crustaceans irdltern
North Atlantic Ocean and European shelf seas. Wieodetrate that strong biogeographical shifts icafiepod
assemblages have occurred with a northward exteo$imore than 10 degrees latitude of warm-wateciss
associated with a decrease in the number of celdésr species. These biogeographical shifts aagrieement
with recent changes in the spatial distribution phdnology detected for many taxonomic groupstire $trial
European ecosystems and are related to both tresasing trend in Northern Hemisphere temperatudetaa
North Atlantic Oscillation.
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Ocean iron fertilization is currently being dissed as one measure that could contribute to cliof@rge
mitigation by stimulating the growth of phytoplaoktin certain parts of the ocean and enhancingnic€02
uptake. Its implementation is greatly debated hawewd its mitigation potential has not yet beeplaned well.
At present, it is still not possible to use carlofisets generated through iron fertilization prégefor complying
with the Kyoto Protocol as trading these offsetsugrently only possible on voluntary carbon mask€ompany
interests in such a commercial use of ocean irdgitifation do however already exist. Consequerttigre is a
need to explore the potential of ocean iron fediiion as a climate change mitigation option as$ astegulatory
issues connected with its implementation. Thickritombines these two aims by first examiningsitientific
background, quantitative potential, side effecid emsts of ocean iron fertilization. In a secorepstegulatory
aspects such as its legal status and open acsass @re reviewed. Moreover, the chapter analysgghe
regulations for afforestation and reforestationvéas within the framework of the Kyoto Clean Ddepment
Mechanism (CDM) could be applied to ocean ironlfeation. The main findings of this chapter arattthe
guantitative potential of ocean iron fertilizatimnlimited, that potential adverse side effectssaeere, and that
its costs are higher than it was initially hopedribver, the legal status of ocean iron fertil@atis currently not
well defined, open access might cause inefficienn@ad the CDM regulations could not be easilyiedgb
ocean iron fertilization.
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408: 187-190 DOI: 10.1038/35041545
Available at: http://www.nature.com/nature/journal/v408/n68@&/408187a0.html



Carbon uptake by forestation is one method praptseeduce net carbon dioxide emissions to the@gpimere
and so limit the radiative forcing of climate changut the overall impact of forestation on climaié also
depend on other effects associated with the creafioew forests. In particular, the albedo of ie$bed
landscape is generally lower than that of cultisddsand, especially when snow is lying, and decrepalbedo
exerts a positive radiative forcing on climate. élesimulate the radiative forcings associated witanges in
surface albedo as a result of forestation in teatpeand boreal forest areas, and translate thesads into
equivalent changes in local carbon stock for comparwith estimated carbon sequestration potentiaisggest
that in many boreal forest areas, the positiveifigrinduced by decreases in albedo can offsetehative
forcing that is expected from carbon sequestra@me high-latitude forestation activities may #fere
increase climate change, rather than mitigatiag intended.
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The Intergovernmental Panel on Climate Change@F&burth Assessment Report (AR4) assessed a tdnge
scenarios of future greenhouse-gas emissions withaigies to specifically reduce emissions, andoteded
that these would lead to an increase in global ne@peratures of between 1.6°C and 6.9°C by theoétite
twenty-first century, relative to pre-industrial.Hile much political attention is focused on thegmtial for global
warming of 2°C relative to pre-industrial, the ABebjections clearly suggest that much greater tegtl
warming are possible by the end of the twenty-tissttury in the absence of mitigation. The centrin® range
of AR4-projected global warming was approximateélZ4The higher end of the projected warming was
associated with the higher emissions scenariosratitls, which included stronger carbon-cycle feek®aTlhe
highest emissions scenario considered in the ABehgio A1FI) was not examined with complex general
circulation models (GCMs) in the AR4, and similatftyee uncertainties in climate-carbon-cycle feedbag&re
not included in the main set of GCMs. Consequetttky projections of warming for ALFI and/or witHfdrent
strengths of carbon-cycle feedbacks are oftennubtided in a wider discussion of the AR4 conclusidfhile it
is still too early to say whether any particulagrsario is being tracked by current emissions, AgEbnsidered
to be as plausible as other non-mitigation sceaaiw cannot be ruled out. (A1Fl is a part of thefa@mily of
scenarios, with 'FI' standing for ‘fossil intensiviénis is sometimes erroneously written as A1F1h wumber 1
instead of letter I.) This paper presents simutetiof climate change with an ensemble of GCMs drlwethe
ALlFI scenario, and also assesses the implicatiboarbon-cycle feedbacks for the climate-changéeptions.
Using these GCM projections along with simple clieamodel projections, including uncertainties in
carbon-cycle feedbacks, and also comparing agaihst model projections from the IPCC, our bestrede is
that the A1FI emissions scenario would lead to emirgg of 4°C relative to pre-industrial during tB@70s. If
carbon-cycle feedbacks are stronger, which appessdikely but still credible, then 4°C warmingubd be
reached by the early 2060s in projections thatansistent with the IPCC's 'likely range'.
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This paper examines the concept of a Saturn-ldkghEing comprised of dust grains to offset glolvatrming. A
new family of non-Keplerian periodic orbits, undiee effects of solar radiation pressure and théhEsar
oblateness J2 perturbation, is selected to inctbaskfetime of the passive cloud of particles ahas, increase
the efficiency of this geo-engineering strategy.ahalytical model is used to predict the evolutbthe dust due
to solar-radiation pressure and the J2 effect.aktemuation of the solar radiation can then beutaled from the
ring model. In comparison to circular orbits, edderorbits yield a more stable environment for #rgeain sizes
and therefore achieve higher efficiencies wherothéal decay of the material is considered. Mogsrothe
special orbital dynamics experienced by high acearass ratio objects, influenced by solar radiagicessure
and the J2 effect, ensure the ring will maintapeananent heliotropic shape, with dust spendindattygest
portion of time on the Sun facing side. It is eaged that small dust grains can be released withitzad Av to
enter an eccentric orbit with Sun-facing apogeealy, an estimate of 5.94x1011 kg is computechagatal
mass required to offset the effects of global wagni
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In this paper a method of geoengineering is pregasvolving clouds of dust placed in the vicinifythe L1
point as an alternative to the use of thin filmaetors. The aim of this scheme is to reduce theuf@turing
requirement for space-based geoengineering. Ibéas concluded that the mass requirement for al gtaced
at the classical L1 point, to create an averaga sa$olation reduction of 1.7%, is 2.93x109 kdlywhilst a
cloud placed at a displaced equilibrium point aeddiy the inclusion of the effect of solar radiatpressure is
8.87x108 kg yr-1. These mass ejection rates arsidembly less than the mass required in otheraogssed
dust cloud methods proposed and, for a geoengimgepériod of 10 years, they are comparable toftimn
reflector geoengineering requirements. It is ergeskthat the required mass of dust can be extraced
captured near Earth asteroids, whilst stabilisgtiérequired position using the impulse providgddlar
collectors or mass drivers used to eject matemahfthe asteroid surface.
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Despite mounting evidence that severe climate gdaould emerge rapidly, the global reduction oboa
emissions remains alarmingly elusive (1, 2). Aessult, concerned scientists are now asking whether
geoengineering—the intentional, large-scale altmnaif the climate system—might be able to limitrate
change impacts. Recent prominent reviews have esiggththat such schemes are fraught with unceigaiahd
potential negative effects and, thus, cannot hebatsgute for comprehensive mitigation (3, 4). Batunabated
climate change could itself prove extremely rigkgse reviews also recommend expanding geoengigeeri
research. As such research is considered (5-Tdcags for ensuring global transparency and cotipers
needed.
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Geoengineering is a broad concept that encompassasety of large-scale, intentional, and "unnatu
technologies to control climate change, includinthitechniques to limit how much sunlight reachesdarth
(usually referred to as "solar radiation managefestwell techniques to remove carbon dioxide fthm
atmosphere ("carbon dioxide removal"). The potéofigeoengineering to reverse global warming riypéehd
cheaply makes it alluring to groups across thetipalispectrum, in particular, as a means of addingsrapid,
catastrophic climate change. But geoengineerirg@ises significant risks, and raises the speétechnology
gone awry. This discussion paper for the Harvagjeet on Climate Agreements reviews the various
geoengineering approaches, analyzes their perifitysimder existing international law, and explsthe
governance issues raised by four scenarios ofcpéaticoncern: premature rejection, inadequateifignd
unilateral action by an individual, and unilatesation by a single state or small group of states.
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The Arctic climate is changing rapidlyl. From 19862006, September sea-ice extent decreased logahh%
or about 100,000km2 per year (ref. 2). In Septer@béi7, Arctic sea-ice extent reached its lowestlisince
satellite observations began3 and in September, 28@8ice cover was still low. This development faased
concerns that the Arctic Ocean could be ice-frdatensummer in only a few decades, with impor&anomic
and geopolitical implications. Unfortunately, mostrent climate models underestimate significatitly
observed trend in Arctic sea- ice decline4, leatindoubts regarding their projections for the tighof ice-free
conditions. Here we analyse the simulated trengs#t sea-ice cover in 18 state-of-art-climate risoded find a
direct relationship between the simulated evolutbBeptember sea-ice cover over the twenty-festury and
the magnitude of past trends in sea-ice cover.dJiis relationship together with observed tremgs project the
evolution of September sea-ice cover over the tyvBrit century. We find that under a scenario withdium
future greenhouse-gas emissions, the Arctic Ocdhprnabably be ice-free in September before the ehthe
twenty-first century.
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The world's forests influence climate through ptgis chemical, and biological processes that afienetary
energetics, the hydrologic cycle, and atmosphenmnposition. These complex and nonlinear forest-aprhere
interactions can dampen or amplify anthropogeninate change. Tropical, temperate, and boreal@sfation
and afforestation attenuate global warming throceytbon sequestration. Biogeophysical feedbackechance
or diminish this negative climate forcing. Tropi¢afests mitigate warming through evaporative euplibut the
low albedo of boreal forests is a positive clim@ateing. The evaporative effect of temperate f@ésunclear.
The net climate forcing from these and other preeg$s not known. Forests are under tremendousyseeom
global change. Interdisciplinary science that irdégs knowledge of the many interacting climateises of
forests with the impacts of global change is neargs® identify and understand as yet unexploredibacks in
the Earth system and the potential of forests tmgate climate change.
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Processes in the climate system that can eithplifgror dampen the climate response to an extguaeburbation
are referred to as climate feedbacks. Climate geibgsiestimates depend critically on radiativedbacks
associated with water vapor, lapse rate, cloudsysand sea ice, and global estimates of thesdéeéd differ
among general circulation models. By reviewing ne@dservational, numerical, and theoretical stdigis
paper shows that there has been progress sindéittteAssessment Report of the IntergovernmentaePan
Climate Change in (i) the understanding of the fiafsnechanisms involved in these feedbacks,h@) t
interpretation of intermodel differences in globatimates of these feedbacks, and (iii) the devedop of
methodologies of evaluation of these feedbacksfleome components) using observations. This sts)tjes
continuing developments in climate feedback reseaitt progressively help make it possible to coast the
GCMs’ range of climate feedbacks and climate seftgithrough an ensemble of diagnostics basedhysipal
understanding and observations.
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Atmospheric @ concentrations have been used to estimate the ecebland sinks of fossil fuel GAn
previous work, it has been assumed that the odearesno long-term influence on atmospheric O2. Aress
the validity of this assumption using model resaltsl observations. Oceanig fluxes for the 1860—2100 period
are simulated using a coupled climate model in Wwismested an ocean biogeochemistry model. Siedilat
oceanic Qfluxes exhibit large interannual (x40 Tmolyt) and decadal (+13 Tmol yil) variability, as well as
a net outgassing to the atmosphere caused by elichainge (up to 125 Tmollyl by 2100). Roughly one
quarter of this outgassing is caused by warminf@iocean surface, and the remainder is causeddano
stratification. The global oceanic,@nd heat fluxes are strongly correlated for bbéhdecadal variations and the
climate trend. Using the observed heat fluxes hadriodeled ©flux/heat flux relationship, we infer the
contribution of the oceans to atmospherica@d infer a correction to the partitioning of heean and land GO
sinks. After considering this correction, the ocaad land sinks are 1.8 + 0.8 Pg Cl§rand 0.3+ 0.9 PgC
yri1, respectively, for the 1980s (a correction offéoin ocean to land) and are 2.3 £ 0.7 Pg Clyand 1.2 £
0.9 Pg C yr/1, respectively, in the 1990-1996 period (a coieadf 0.5 from land to ocean). This correction
reconciles the 1990s ocean sink estimated by teegovernmental Panel on Climate Change Third Assest
Report with ocean models.
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The excessive man-made greenhouse effect thahexally supposed to bring about climate changdledriorm
of global warming has a number of different reasdimere is a balance sheet of greenhouse gas engsand of
the sequestration of these gases by sinks. TheokBmattocol deals with this problem by selectingpiider to
reduce the greenhouse gas concentration in thelgdimosphere, a particular part of the problermeig




emissions of greenhouse gases from the territotlyeofleveloped industrial States listed in Annaxthe
UNFCCC and sinks which function due to measuresrtddy these States. These emissions and actiarees
significant contribution to the problem of climatieange, but not the only one.
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Carbon dioxide emissions need to be reduced w&bcurrent emissions if atmospheric concentratiane to
be stabilised at a level likely to avoid dangerdiumate change. We investigate how delays in redp€iG
emissions affect stabilisation scenarios leadingviErshooting of a target concentration pathway.s\aw that if
geo-engineering alone is used to compensate fatdlay in reducing CQemissions, such an option needs to be
sustained for centuries even though the perioodefshooting emissions may only last for a few desatf
geo-engineering is used for a shorter period,sttbée associated with emission reductions sianifly larger
than those required to stabilise £@ithout overshooting the target. In the preserfae girong climate—carbon
cycle feedback the required emission reductiongae@ more drastic.
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Latest estimates suggest that widespread depldyshearbon capture and storage (CCS) could acdounip to
one-fifth of the needed global reduction in £Emissions by 2050. Governments are attemptingrnukte
investments in CCS technology both directly throaghsidizing demonstration projects, and indiretithpugh
developing price incentives in carbon markets. ¥etporate decision-makers are finding CCS investase
challenging. Common explanations for delay in coae CCS investments include operational concarcis as
the high cost of capture technologies, technoldginaertainties in integrated CCS systems and uledetoped
regulatory and liability regimes. In this paper, place corporate CCS adoption decisions withirchrtelogy
strategy perspective. We diagnose four underlyiragacteristics of the strategic CCS technology tdop
decision that present unusual challenges for detisiakers: such investments are precautionaryqisirgg,
cumulative and situated. Understanding CCS asocate technology strategy challenge can help uemo
beyond the usual list of operational barriers t&SGd make public policy recommendations to hefraame
them.

Boyero, L., R. G. Pearson, et al. (2011). "A glokgberiment suggests climate warming will not aecek litter

decomposition in streams but might reduce carbqoesgdration.” Ecology lettefigl: 289-294 DOI:

10.1111/j.1461-0248.2010.01578.x

Available at: http://www.ncbi.nlm.nih.gov/pubmed/21299824
The decomposition of plant litter is one of thestionportant ecosystem processes in the biospineresa
particularly sensitive to climate warming. Aquagiwosystems are well suited to studying warmingceffen
decomposition because the otherwise confoundirigente of moisture is constant. By using a latiadli
temperature gradient in an unprecedented globarexpnt in streams, we found that climate warminglikely
hasten microbial litter decomposition and produteguivalent decline in detritivore-mediated decosifion
rates. As a result, overall decomposition ratesish@main unchanged. Nevertheless, the proceskivbeu
profoundly altered, because the shift in importafinoe detritivores to microbes in warm climates \blikely
increase CQJ production and decrease the generation and degfi@s of recalcitrant organic particles. In view
of recent estimates showing that inland watersaagignificant component of the global carbon cytties implies
consequences for global biogeochemistry and algegsositive climate feedback.
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With the concentrations of atmospheric greenhgases (GHGS) rising to levels unprecedented icuinent
glacial epoch, the earth’s climate system appeeboe rapidly shifting into a warmer regime. Manitlie
international science and policy communities feéat the fundamental changes in human behavioriraie
global economy, that will be required to meaninigfutduce GHG emissions in the very near term are
unattainable. In the 1970s, discussion of “geoesgging,” a radical strategy for arresting climatamge by
intentional, direct manipulation of the Earth’s egyebalance began to appear in the climate sciktecature.



With growing international concern about the patelimate change, the scientific and public dissguon the
feasibility of geoengineering has recently growrrensophisticated and more energetic. A wide arfgotential
geoengineering projects have been proposed, rafigimgorbiting space mirrors to reduce solar flaxhe
construction of large networks of processors tlvaictly remove carbon dioxide from the atmosph8imple
estimates of costs exist, and some discussionthfthe potentially negative and “co-beneficial” sequences of
these projects can be found in the scientificditiere. The critical, missing piece in the discussb
geoengineering as a strategy for managing clinsaa@ integrated evaluation of the downstream
costs-versus-benefits inter-comparing all availalilmate management options, including geoengingefur
examination of the literature revealed a numbeubistantial gaps in the knowledge base requiresiucin an
evaluation. Therefore, to ensure that the decisemework arising from this analysis is well foudda focused
program of scientific research to fill those gapsalso essential. As with any sound engineering, jiternational
decisions on how to address human-induced climatenwing must be founded on a thoughtful and welbimfed
analysis of all of the available options.
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Many states and countries have adopted or afeiprocess of crafting policies to enable geologibon
sequestration projects. These efforts reflect éltegnition that existing statutory and regulatoanfeworks
leave ambiguities or gaps that elevate projectfaslprivate companies considering carbon sequiestra
projects, and/or are insufficient to address a gowent’'s mandate to protect the public interest.NAe
compared the various approaches that United Ststt® and federal governments have taken to provid
regulatory frameworks to address carbon sequestraii major purpose of our work is to inform the
development of any future legislation in Califormshould it be deemed necessary to meet the gbAlssembly
Bill 1925 (2006) to accelerate the adoption of afftctive geologic sequestration strategies ferlting-term
management of industrial carbon dioxide in theest@ur analysis shows that diverse issues areabbgre
adopted and proposed carbon capture and sequastf@tcsS) legislation and that many of the new l&éwesis on
defining regulatory frameworks for underground atien of CQ, ambiguities in property issues, or assigning
legal liability. While these approaches may endiideprogress of early projects, future legislatiequires a
longer term and broader view that includes a gfiadtintegration of CCS into a government’s ovecdithate
change mitigation strategy while considering pagdigtcounterproductive impacts on CCS of othemelie
change mitigation strategies. Furthermore, ledsiaghould be crafted in the context of a vision@&S as an
economically viable and widespread industry. Iniféatia, CCS is not included quantitatively as iattgy to
reduce future greenhouse gas (GHG) emissions.rinthi reflects the focus of most state agenaieshort term
goals, such as the AB 32 goal to return Califoemassions to 1990 levels by 2020. It also reflgotslack of
data necessary to predict how rapidly and to whgtek CCS could be deployed to meet short or kermg goals.
The lack of timely consideration of CCS as a miimaalternative, however, has the potential taedbeit
unintentionally, to policies which may make CCS piitin less likely and more expensive in the long ifeor
example, consideration of the economic and otls&srassociated with CCS is presently a disincemiazlopt
CCS if other alternatives, such as fuel switchoag) meet legislated requirements to reduce canmgs®ns.
While an important function of new CCS legislatisrenabling early projects, it must be kept in miimak
applying the same laws or protocols in the futora tvidespread CCS industry may result in business
disincentives and compromise of the public interestitigating GHG emissions, particularly in casdsere
different stakeholders are responsible for captua@sport, and sequestration elements of a prdpectection of
the public interest requires that monitoring andfigation track the long term fate of pipelined £€@gardless of
its end use in order to establish that climate ghagoals are being met. Legislative mandates éoptire CQ
producers to verify carbon reductions via sequestraand which are crafted under the assumptiah@Q,
capture, transport and storage is linear and niagdaunder a single stewardship, may result incieduthe
incentive to participate in the efficiencies ofalective transport and sequestration system.
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Geo-engineering proposals for mitigating climatartge continue to proliferate without being teste. time to
select and assess the most promising ideas acgdadefficacy, cost, all aspects of risk and, intaotly, their
rate of mitigation.
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The report on geoengineering the climate by thgaRBocietyl acknowledges that the deleterious atgoaf
climate change will be unevenly distributed acrbesplanet. Similarly, the beneficial and detrinadmffects of
geoengineering will not be evenly spread.
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Current coupled ocean-atmosphere model (COAMeptmns of future oceanic anthropogenic carbonkepta
suggest reduced rates due to surface warming, eetiatratification, and slowed thermohaline overtg. Such
models rely on simple, bulk biogeochemical paransgons, whereas recent ocean observations tedicat
floristic shifts may be induced by climate varidtlil are widespread, complex, and directly impact
biogeochemical cycles. We present a strategy wrjiuzate ecosystem function in COAM'’s and to eviauhe
results in relation to region-specific ecosystematyics and interannual variability using a temptdteceanic
biogeographical provinces. lllustrative simulatidasnitrogen fixers with an off- line multi-spesigfunctional
group model suggest significant changes by theoétils century in ecosystem structure, with sorféne
largest regional impacts caused by shifts in tlealaxtent of biomes.
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Available at: http://www.nature.com/ngeo/journal/v3/n10/fulléaP64.html
Advances in iron biogeochemistry have transforim@dunderstanding of the oceanic iron cycle overghst
three decades: multiple sources of iron to the meesre discovered, including dust, coastal and®hal
sediments, sea ice and hydrothermal fluids. Thiginen is rapidly recycled in the upper ocean bgge of
organisms; up to 50% of the total soluble iron pedurned over weekly in this way in some oceajiams. For
example, bacteria dissolve particulate iron arth@same time release compounds — iron-bindingtlga—
that complex with iron and therefore help to keap solution. Sinking particles, on the other haaldo
scavenge iron from solution. The balance betweesetlsupply and removal processes determines the
concentration of dissolved iron in the ocean. Weethis balance, and many other facets of the bicigemical
cycle, will change as the climate warms remainsatceen.
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Available at: http://www.sciencemag.org/content/315/5812/61@sh
Since the mid-1980s, our understanding of nuttienitation of oceanic primary production has raadig
changed. Mesoscale iron addition experiments (FéAvgge unequivocally shown that iron supply limits
production in one-third of the world ocean, whasgace macronutrient concentrations are perennadlii. The
findings of these 12 FeAXs also reveal that iroppty exerts controls on the dynamics of planktayobts,
which in turn affect the biogeochemical cycles afton, nitrogen, silicon, and sulfur and ultimatieijuence the
Earth climate system. However, extrapolation ofkbg results of FeAXs to regional and seasonaksdal some
cases is limited because of differing modes of gopply in FeAXs and in the modern and paleo-ocddew
research directions include quantification of tbamling of oceanic iron and carbon biogeochemistry.
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Iron supply has a key role in stimulating phytapimn blooms in high-nitrate low-chlorophyll oceamvaters.
However, the fate of the carbon fixed by these ili®cand how efficiently it is exported into the ans interior,
remains largely unknown. Here we report on theide@nd fate of an iron-stimulated diatom bloonthie Gulf
of Alaska. The bloom terminated on day 18, follogvthe depletion of iron and then silicic acid, aftdich
mixed-layer particulate organic carbon (POC) coiregions declined over six days. Increased pasteusilica
export via sinking diatoms was recorded in sedint@qis at depths between 50 and 125 m from daye?1,
increased POC export was not evident until day(dy a small proportion of the mixed-layer POC was
intercepted by the traps, with more than half effixed-layer POC deficit attributable to bacterial



remineralization and mesozooplankton grazing. Tdmeadion of silicic acid and the inefficient traesbf
iron-increased POC below the permanent thermoblawe major implications both for the biogeochemical
interpretation of times of greater iron supplyhe geological past, and also for proposed geo-esging
schemes to increase oceanic carbon sequestration.

Boyd, P. W., D. S. Mackie, et al. (2010). "Aerosoh deposition to the surface ocean — Modes of gopply and

biological responses." Marine Chemisi30: 128-143 DOI: 10.1016/j.marchem.2009.01.008

Available at: http://www.sciencedirect.com/science/article®iiB04420309000103
In the last two decades the role of aerosol itgply to the ocean has received growing attentRasearch has
mainly focused on three themes—how much iron ipkeg to the ocean from dust; where this aerosol is
deposited (depositional models); and modellindhefliiogeochemical impact of iron supply to the odeahe
past, present and future. Here, we investigatediagionship between modes of iron supply (mecimasjs
dissolution rate and timescales) to the upper oaedrthe subsequent biological responses in treeprelay.
The reported solubility of iron from dust rangesnfit0.001-90%, and this variability appears to bledihto both
aerosol properties and leaching schemes employetgguently, biogeochemical modelling studies hepesl a
wide range of iron dissolution rates (1-12%) aneeh@ported a broad suite of biogeochemical regmorite-
examination of evidence, from ocean observatiohenbanced biological and/or biogeochemical respons
aerosol iron supply in the modern ocean suggeataiitich of it is flawed, and that there are onlgwa cases in
which there is a causative link between dust supptybiological response. The resulting small sizais
dataset is due to a wide range of confounding fagteluding seasonality of environmental factavateolling
phytoplankton production (light, silicic acid, plpdsate, iron), and the elemental stoichiometry efdbrosols
(iron and other nutrients) during dissolution. Thi® main impact of aerosol iron supply appeatetan initial
rapid release of iron, followed by a slow and sunst@ release of iron during its mixed layer resmetime,
which may result in small increases in the dissibliven mixed-layer inventory. The implications afch a mode
of iron release from aerosol dust are exploredguaigimple dust/biota assessment test for botreogdrary and
paleoceanographic case-studies. We conclude tsatidposition can easily be mistakenly attributed arimary
cause of enhanced biological activity and that, tdude slow dissolution of iron, dust-mediated foipjankton
blooms are probably rare in the modern ocean.
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There is an urgent need for accurate predictiasliofate change impacts on species ranges. Cugkgmce on
bioclimatic envelope approaches ignores importaiobical processes such as interactions and diaper
Although much debated, it is unclear how such mses might influence range shifting. Using indiaklibased
modelling we show that interspecific interactionsl @ispersal ability interact with the rate of cita change to
determine range-shifting dynamics in a simulatedmmaoinity with two growth forms--mutualists and conifues.
Interactions determine spatial arrangements ofispgeior to the onset of rapid climate change.séHead to
space-occupancy effects that limit the rate of egpmn of the fast-growing competitors but which o&n
overcome by increased long-distance dispersalhdsdte of climate change increases, lower leviels o
long-distance dispersal can drive the mutualisextoction, demonstrating the potential for sulptlecess
balances, non-linear dynamics and abrupt changesdpecies coexistence to species loss during teiof@nge.
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Open Access Article* Availableat: http://www.springerlink.com/content/271270616ul1&66
We use a coupled climate—carbon cycle model efin¢diate complexity to investigate scenarios raftespheric
sulfur injections as ameasure to compensate for-i@@&ed global warming. The baseline scenariaiohes the
burning of 5,000 GtC of fossil fuels. A full compation of CO2-induced warming requires a load @iuali3
MLtS in the stratosphere at the peak of atmospl@@i2z concentration. Keeping global warming belo@ 2
reduces this load to 9 MtS. Compensation of CO@itigrby stratospheric aerosols leads to a gloluhlation in
precipitation, warmer winters in the high north&titudes and cooler summers over northern hemigphe
landmasses. The average surface ocean pH declsaB4s reducing the calcifying ability of marineganisms.
Because of the millennial persistence of the fdagill CQ, in the atmosphere, high levels of stratosphefiosae
loading would have to continue for thousands ofyeatil CQ was removed from the atmosphere. A




termination of stratospheric aerosol loading rasinltabrupt global warming of up teG within several decades,
a vulnerability of the Earth system to technologfedure.

Brown, L. R. (2011). World on the Edge. How to RmetvEnvironmental and Economic Collapse, Earthcydlistitute.
Open Access Book* Availableat: http://www.earth-policy.org/books/wote
We are facing issues of near-overwhelming compfeatid unprecedented urgency. Our challenge isité t
globally and develop policies to counteract envinental decline and economic collapse. The quegiddan
we change direction before we go over the edge?
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Biochar to Soil: A report commissioned by the Uditingdom Department for Environment , Food anddRaffairs
and Department of Energy and Climate Change, UKo Research Centre.
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Available at: http://www.jstor.org/pss/20643823
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Open Access Article* Availableat: http://iopscience.iop.org/1748-9326/4/4/045104
Is geoengineering a feasible, sensible, or pralcstopgap measure for us to have in our arsenadtehtial
responses to global warming? We do not know afpbiist and so it seems hardly contentious to cthia we
should find out. | evaluate a moral argument thatsivould not try to find out and a methodologicglanent that
even if we try, we cannot find out. | reject thesfibut end up as agnostic on the second, outlithiedpurden of
proof that it creates for proponents of geoengingaesearch.

Cairns, J. (2010). "Co-evolving with the Preserdadphere." Asian J. Exp. Sé#: 185-188

Open AccessArticle* Available at: http://www.johncairns.net/Papers/Co-evolving witke Present Biosphere.pdf
Lovelock (2009) hopes that a few million Homo se3 will survive the climate changes and will fsame
“ecological lifeboats” to preserve civilization: $¥part of Gaia, our presence begins to make threepkentient.
We should be proud that we could be part of thigetgtep, one that may help Gaia survive as theauntinues
its slow but ineluctable increase of heat outpugtkimg the solar system an increasingly hostileritu
environment.” Lovelock (2009) is clearly aware loé¢ tifficulties of developing a mutualistic relat&hip
between humans and Gaia: “There is no set of nulesescription for living with Gaia, there are pnl
consequences.” Gaia is a unifying concept in acséahly specialized information. Specialized infation is
essential, but is most effectively integrated withiparticular context.

Caldeira, K.(2009). Geoengineering : Assessing the ImplicatiofilLarge-Scale Climate Intervention. Stanford CA,
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ocean." Journal of Geophysical Resedrth 1-12 DOI: 10.1029/2004jc002671

Available at: http://www.agu.org/pubs/crossref/2005/2004JC0Q2&tml
We present ocean chemistry calculations baseaeanogeneral circulation model simulations of ayphesic
CO, emission, stabilization of atmospheric £fntent, and stabilization of atmospheric,@G@hieved in total or
in part by injection of Coto the deep ocean interior. Our goal is to pro¥idt-order results from various GO
pathways, allowing correspondence with studies afime biological effects of added G.®arts of the Southern
Ocean become undersaturated with respect to atagorder the Intergovernmental Panel on ClimatenGaa
Special Report on Emissions Scenarios (SRES) A1RA2and B2 emission pathways and the WRE pathways
that stabilize C@at 650 ppm or above. Cumulative atmospheric eomssi 5000 Pg C produces aragonite
undersaturation in most of the surface ocean; TOFPC also produces calcite undersaturation irt ofdbe
surface ocean. Stabilization of atmospheric @450 ppm produces both calcite and aragonitengaturation
in most of the deep ocean. The simulated SRES pgthproduce global surface pH reductions!6f3—0.5 units
by year 2100. Approximately this same reductiopraxluced by WRE650 and WRE1000 stabilization scesar




and by the 1250 Pg C emission scenario by year.28d@spheric emissions of 5000 Pg C and 20,00C Pg
produce global surface pH reductions of 0.8 ancufits, respectively, by year 2300. Simulationsl@ép ocean
CO2 injection as an alternative to atmosphericasdeshow greater chemical impact on the deep aeethe
price for having less impact on the surface ocemhciimate. Changes in ocean chemistry of the ntadei
shown are likely to be biologically significant.

Caldeira, K. and G. H. Rau (2000). "Acceleratingooaate dissolution to sequester carbon dioxidbérocean:

Geochemical implications.” Geophysical ResearcheksP7: 225-228

Available at: http://www.agu.org/journals/ABS/2000/1999GL0023G#m|
Various methods have been proposed for mitigattease of anthropogenic @@ the atmosphere, including
deepsea injection of C@captured from fossiluel fired power plants. Here, we use a schematidehof ocean
chemistry and transport to analyze the geochernmaequences of a new method for separating caibgite
from a waste gas stream and sequestering it inddan. This method involves reacting £@h powerplant
gases with seawater to produce a carbonic acid@ohvhich in turn is reacted on site with carb@natineral
(e.g., limestone) to form Ca2+ and bicarbonatelaten, which can then be released and dilutettiénocean.
Such a process is similar to carbonate weathendglegsolution which would have otherwise occumaturally,
but over many millennia. Relative to atmospheriease or direct ocean G@jection, this method would greatly
expand the capacity of the ocean to store antheypogarbon while minimizing environmental impagtshis
carbon on ocean biota. This carborditgsolution technique may be more eeffective and less environmentally
harmful, and than previously proposed &@pture and sequestration techniques.

Caldeira, K. and M. E. Wickett (2003). "Anthropogeoarbon and ocean pH." Natute5: 365-365

Available at: http://www.nature.com/nature/journal/v425/n69%5&/425365a.html
Most carbon dioxide released into the atmosphegerasult of the burning of fossil fuels will eveally be
absorbed by the oceanl, with potentially adverss@guences for marine biota. Here we quantify tiaages in
ocean pH that may result from this continued redled<CQ and compare these with pH changes estimated from
geological and historical records. We find thataoge absorption of C&from fossil fuels may result in larger pH
changes over the next several centuries than &eryad from the geological record of the past 30on years,
with the possible exception of those resulting frame, extreme events such as bolide impacts asttaphic
methane hydrate degassing.
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Transactions of the Royal Society386: 4039-4056 DOI: 10.1098/rsta.2008.0132
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We perform numerical simulations of the atmosphsea ice and upper ocean to examine possibla®fiéc
diminishing incoming solar radiation, insolatiom the climate system. We simulate both global aratié
climate engineering in idealized scenarios in whitdwolation is diminished above the top of the apiere. We
consider the Arctic scenarios because climate ahanganifesting most strongly there. Our resuiticate that,
while such simple insolation modulation is unlikébyperfectly reverse the effects of greenhouseagaming,
over a broad range of measures considering botpetature and water, an engineered high Githate can be
made much more similar to the low €8imate than would be a high G@imate in the absence of such
engineering. At high latitudes, there is less ginldeflected per unit albedo change but climastesy feedbacks
operate more powerfully there. These two effeatgelly cancel each other, making the global meampéeature
response per unit top-of-atmosphere albedo chatgtvely insensitive to latitude. Implementingotegion
modulation appears to be feasible.
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We use a coupled climate/carbon-cycle model tonexa the consequences of stabilizing atmospheriga@O
different levels for ocean chemistry. Our simulaishow the potential for major damage to at lsaiste ocean
ecosystems at atmospheric £SIabilization levels as low as 450 ppm. Beforeititleistrial revolution, more than
98% of corals reefs were surrounded by watersvieag >3.5 times saturated with respect to theilesée
materials (aragonite). If atmospheric 98 stabilized at 450 ppm only 8% of existing coesfs will be
surrounded by water with this saturation level.o¥d this CQlevel 7% of the ocean South of(68 will become
undersaturated with respect to aragonite, and patte high latitude ocean will experience a dasesin pH by




more than 0.2 units. Results presented here pravidadependent and additional basis for choosirgets of
atmospheric C@stabilization levels.
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Ocean iron fertilization has been proposed asthaddo mitigate an- thropogenic climate change, there is
continued commercial interest in using iron fextition to generate carbon credits. It has beehdugpeculated
that ocean iron fertilization could help mitigateean acidification. Here, using a global ocean lsan-
cyclemodel, we performed idealized ocean ironlfeation simulations to place an upper bound onetfiect of
iron fertilization on atmospheric G@nd ocean acidification. Under the IPCC A2 CO2ssinn scenario, at year
2100 the model simulates an atmospheri¢ Gicentration of 965ppmwith the mean surface opéaf.44
units less than its pre-industrial value of 8.18l8bally sustained ocean iron fertilization conlat diminish
CO2 concentrations below 833 ppm or reduce the reedace ocean pH change to less than 0.38 urits. T
maximum of 0.06 unit mitigation in surface pH charxy the end of this century is achieved at thé afostoring
more anthropogenic GGOn the ocean interior, furthering acidifying theeg- ocean. If the amount of net carbon
storage in the deep ocean by iron fertilizatiordpic®es an equivalent amount of emission creditsarocen
fertilization further acidifies the deep ocean with conferring any chemical benefit to the surfacean.
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Available at: http://www.sciencemag.org/content/319/5865/926xsh
Eastern boundary current systems are among thd'svorost productive large marine ecosystems. Becau
upwelling currents transport nutrient-rich but ogpgdepleted water onto shallow seas, large exparises
productive continental shelves can be vulnerabtbdaisk of extreme low-oxygen events. Here, wmorethe
novel rise of water-column shelf anoxia in the herh California Current system, a large marine ystesn with
no previous record of such extreme oxygen defi¢ie expansion of anoxia highlights the potentalréipid and
discontinuous ecosystem change in productive dogytems that sustain a major portion of the werld
fisheries.
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Available at: http://www.sciencemag.org/content/333/6045/1023rs
The distributions of many terrestrial organismes eurrently shifting in latitude or elevation irsponse to
changing climate. Using a meta-analysis, we estithtitat the distributions of species have recesftifted to
higher elevations at a median rate of 11.0 metersiecade, and to higher latitudes at a mediaroféité.9
kilometers per decade. These rates are approxyrtateland three times faster than previously reggbrThe
distances moved by species are greatest in stsigiimging the highest levels of warming, with averkgudinal
shifts being generally sufficient to track temparatchanges. However, individual species vary réatheir
rates of change, suggesting that the range shdacii species depends on multiple internal speeaiés and
external drivers of change. Rapid average shiftvelérom a wide diversity of responses by indivatlapecies.
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The recalcitrant properties of black carbon (B@ng it to be a significant pool of stable orga@i¢OC) in soils.
Up to now, however, the longevity of BC under difet climates is still unclear. In this study, weed BC
samples from historical charcoal blast furnacesditeexamine the stability of BC across a climgtdient of
mean annual temperatures (MAT) from 3.9 to 1IC2 The results showed that OC concentration anc¢to@ge
in the BC-containing soils at a soil depth of 0—-@&.2vere 9.0 and 4.7 times higher than those incadjasoils,
respectively. Organic C in the BC-containing sailss more stable, with a significantly lower amoaoithe
labile OC fraction (4.4 mglgl OC versus 27.5 mg dL OC) and longer half-life of the recalcitrant Q@dtion
(59 years versus 9 years) than the adjacent sstsrdined by incubation experiments. The stabdftBC was
primarily due to its inherently recalcitrant chealicomposition as suggested by short-term incubatia solid
state 13C nuclear magnetic resonance spectralafdddBC particles. A significant negative relaship between
OC storage and MAT further indicated that OC sterags decreased with warmer climate. However zble of




a relationship between MAT and BC mineralizatioggested that the stability of the remaining BC wiagilar
between sites with very different MAT. Despite thet that warming or cooling result in immediate
consequences for BC stocks, it may have little chpa the stability of remaining BC over the pergiddied.
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Many species are experiencing sustained envirotahefmange mainly due to human activities. The uabsate
and extent of anthropogenic alterations of theremment may exceed the capacity of developmenrtaktic,
and demographic mechanisms that populations haslgezl/to deal with environmental change. To begin t
understand the limits to population persistencepmsent a simple evolutionary model for the aitiate of
environmental change beyond which a population mesline and go extinct. We use this model to lggtlthe
major determinants of extinction risk in a changimyironment, and identify research needs for iwgdo
predictions based on projected changes in envirataheariables. Two key parameters relating thérenment
to population biology have not yet received suéfitiattention. Phenotypic plasticity, the direé¢fuence of
environment on the development of individual phgpes, is increasingly considered an important carapbof
phenotypic change in the wild and should be incafeal in models of population persistence. Envirental
sensitivity of selection, the change in the optinpimenotype with the environment, still cruciallyeds empirical
assessment. We use environmental tolerance cundestiaer examples of ecological and evolutionaspoases
to climate change to illustrate how these mechiaragtproaches can be developed for predictive maRo
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Future climate warming is expected to enhancet jgigowth in temperate ecosystems and to increabeca
sequestration. But although severe regional hea¢svanay become more frequent in a changing clintiagg,
impact on terrestrial carbon cycling is unclearrdH@e report measurements of ecosystem carborddidixixes,
remotely sensed radiation absorbed by plants, andtgy/-level crop yields taken during the Europbaat wave
in 2003. We use a terrestrial biosphere simulatoael to assess continental-scale changes in primar
productivity during 2003, and their consequenceshe net carbon balance. We estimate a 30 pereduattion
in gross primary productivity over Europe, whickukted in a strong anomalous net source of carimdide (0.5
Pg C yr(-1)) to the atmosphere and reversed tleetedf four years of net ecosystem carbon sequiestr®ur
results suggest that productivity reduction in easand western Europe can be explained by raitéditit and
extreme summer heat, respectively. We also findgbasystem respiration decreased together witksgsamary
productivity, rather than accelerating with the pemature rise. Model results, corroborated by hisdbrecords
of crop yields, suggest that such a reduction irogels primary productivity is unprecedented duthnglast
century. An increase in future drought events coutd temperate ecosystems into carbon sourcesjlmaing
to positive carbon-climate feedbacks already gaieid in the tropics and at high latitudes.
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Ideas on how to engineer Earth’s climate, or taifiyche environment on large scales to counterdmimpacts,
do not enjoy broad support from scientists. Refémgblications that deal with such ideas are natenous nor
are they cited widely. Paul Crutzen (2006) analyheddea of intentionally injecting sulfur intoetistratosphere,
to enhance the albedo of Earth, so as to slow trenmg of the planet due to greenhouse gases. tés timat
such an intervention might become necessary utilessorld becomes more successful in limiting ghesise
gas emissions and/or if global warming should peddaster than currently anticipated partly dueléaning the
lower atmosphere of sulfur pollution (Andreae et2005; Charlson et al., 1991). | am aware thebua
individuals have opposed the publication of Crutzgaper, even after peer review and revisionsydoious and
sincere reasons that are not wholly scientific.e;lewrite in support of his call for research @ogengineering
and propose a framework for future progress in twkigpporting and opposing viewpoints can be heaad a
incorporated. | also propose that research on ggoeering be considered separately from actual
implementation, and | suggest a path in that divact
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Ocean acidification, a consequence of rising amtbgenic CO2 emissions, is poised to change marine
ecosystems profoundly by increasing dissolved C@Rdecreasing ocean pH, carbonate ion concentyainzh
calcium carbonate mineral saturation state worldwithese conditions hinder growth of calcium cagtershells
and skeletons by many marine plants and animaksfifgt direct impact on humans may be throughiding
harvests and fishery revenues from shellfish, thetdators, and coral reef habitats. In a case/ stuidS
commercial fishery revenues, we begin to constireneconomic effects of ocean acidification overniext 50
years using atmospheric CO2 trajectories and lafwyratudies of its effects, focusing especiallynooilusks. In
2007, the $3.8 billion US annual domestic ex-vessaimercial harvest ultimately contributed $34itilto the
US gross national product. Mollusks contributed 18%$748 million, of the ex-vessel revenues tlestry
Substantial revenue declines, job losses, andeiciddtonomic costs may occur if ocean acidificaliooadly
damages marine habitats, alters marine resourdelility, and disrupts other ecosystem services. Mliew
the implications for marine resource managementpaopose possible adaptation strategies designaaptaort
fisheries and marine-resource-dependent communitiasy of which already possess little economidieese.
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The vigor of Atlantic meridional overturning cidetion (MOC) is thought to be vulnerable to globarming,
but its short-term temporal variability is unknosm changes inferred from sparse observations odeibedal
time scale of recent climate change are unceidacombine continuous measurements of the MOC iibewd
in 2004) using the purposefully designed transtiddapid Climate Change array of moored instrurment
deployed along 26.5 degrees N, with time serigSuf Stream transport and surface-layer Ekman paingo
guantify its intra-annual variability. The year-gpaverage overturning is 18.7 +/- 5.6 sverdrup$ (@ange: 4.0
to 34.9 Sv, where 1 Sv = a flow of ocean water@{6) cubic meters per second). Interannual chaimgihe
overturning can be monitored with a resolution &f 3v.
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Climate change is predicted to become a majoathicebiodiversity in the 21st century, but accenatedictions
and effective solutions have proved difficult torfulate. Alarming predictions have come from a eatiarrow
methodological base, but a new, integrated sciehckmate-change biodiversity assessment is emgrdpased
on multiple sources and approaches. Drawing oreediel from paleoecological observations, recentg@bgical
and microevolutionary responses, experiments, amgpatational models, we review the insights thiedint
approaches bring to anticipating and managing itdi\ersity consequences of climate change, inalgdne
extent of species' natural resilience. We introdué®@mework that uses information from differentices to
identify vulnerability and to support the designcohservation responses. Although much of the méion
reviewed is on species, our framework and conchssare also applicable to ecosystems, habitatkgcal
communities, and genetic diversity, whether teri@simarine, or fresh water.

Davidson, E. A. and I. A. Janssens (2006). "Tempegasensitivity of soil carbon decomposition aeaddbacks to

climate change." Natu#40: 165-173 DOI: 10.1038/nature04514

Open Access Article* Available at: http://www.nature.com/nature/journal/v440/n708M/fiature04514.html
Significantly more carbon is stored in the worktdls--including peatlands, wetlands and permaftbsin is
present in the atmosphere. Disagreement existsVewregarding the effects of climate change oballsoil
carbon stocks. If carbon stored belowground issfemed to the atmosphere by a warming-inducedeat®n
of its decomposition, a positive feedback to clienabtange would occur. Conversely, if increasedasftaderived
carbon inputs to soils exceed increases in decatigrgshe feedback would be negative. Despite nmeslearch,




a consensus has not yet emerged on the tempesansitivity of soil carbon decomposition. Unravgdlithe
feedback effect is particularly difficult, becaube diverse soil organic compounds exhibit a walege of
kinetic properties, which determine the intring@mperature sensitivity of their decomposition. M@r, several
environmental constraints obscure the intrinsicgerature sensitivity of substrate decompositionsivay lower
observed ‘apparent’ temperature sensitivity, a@skticonstraints may, themselves, be sensitivénatel.

de Baar, H. J. W., P. W. Boyd, et al. (2005). "&sis of iron fertilization experiments: From then Age in the Age of

Enlightenment." Journal of Geophysical Reseditth 1-24 DOI: 10.1029/2004jc002601

Available at: http://www.agu.org/pubs/crossref/2005/2004JC0Q2€@ml
Comparison of eight iron experiments shows thatimam Chl a, the maximum DIC removal, and the olera
DIC/Fe efficiency all scale inversely with depthtbé wind mixed layer (WML) defining the light emehment.
Moreover, lateral patch dilution, sea surface iaade, temperature, and grazing play addition&s.ol' he
Southern Ocean experiments were most influenceetyydeep WMLs. In contrast, light conditions werest
favorable during SEEDS and SERIES as well as durowg=x-2. The two extreme experiments, EisenEx and
SEEDS, can be linked via EisenEx bottle incubatisitl shallower simulated WML depth. Large diatoms
always benefit the most from Fe addition, whereraarkably small group of thriving diatom species is
dominated by universal responsePséudonitzschia spp. Significant response of these moderate (108}
medium (30-60 mm), and large (>60 mm) diatoms isistent with growth physiology determined for $ing
species in natural seawater. The minimum leveldidsolved” Fe (filtrate < 0.2 mm) maintained dugi an
experiment determines the dominant diatom sizescldswever, this is further complicated by contiasio
transfer of original truly dissolved reduced Feftio the colloidal pool, which may constitute sot6 of the
“dissolved” pool. Depth integration of carbon iemtory changes partly compensates the adversdsffea deep
WML due to its greater integration depths, decrgatie differences in responses between the exglerenents.
About half of depth-integrated overall primary puatlvity is reflected in a decrease of DIC. The ralleC/Fe
efficiency of DIC uptake is DIC/Fel 5600 for all eight experiments. The increase ofipalate organic carbon is
about a quarter of the primary production, sugggsithod web losses for the other three quartergldReshment
of DIC by air/sea exchange tends to be a minordeent of primary C&fixation but will continue well after
observations have stopped. Export of carbon inepdewaters is difficult to assess and is until fiomly
proven and quite modest in only two experiments.

de Coninck, H. and K. Backstrand (2011). "An Intgional Relations perspective on the global palit€ carbon dioxide

capture and storage." Global Environmental Ch&ig868-378 DOI: 10.1016/j.gloenvcha.2011.03.006

Available at: http://linkinghub.elsevier.com/retrieve/pii/S0Z$8011000331
With the publication of the IPCC Special Report@arbon dioxide Capture and Storage (CCS), CCS has
emerged as a focal issue in international climgikhacy and energy collaboration. This paper hasgoals.
The first goal is to map CCS activities in and agwearious types of intergovernmental organisatitims;second
goal is to apply International Relations (IR) thesrto explain the growing diversity, overlap arabimentation
of international organisations dealing with CCS.i#litinternational organisations embrace CCS, arnidiwh
refrain from discussing it at all? What role dogéénstitutions play in bringing CCS forward? WAy i
international collaboration on CCS so fragmentedi\aaak? We utilise realism, liberal institutionatisnd
constructivism to provide three different intertedns of the complex global landscape of CCS gwaeee in
the context of the similarly complicated architeetof global climate policy. A realist account oES's
fragmented international politics is power drivrternational fossil fuel and energy organisati@@ninated by
major emitter states, take an active role in COSimerest-based approach, such as liberal institalism,
claims that CCS is part of a “regime complex” ratien an integrated, hierarchical, comprehengink a
international regime. Such a regime complex is etii®d by the plethora of international organisas with a
role in CCS. Finally, constructivism moves beyoratenial and interest-based interpretations of ttodugion of
the institutionally fragmented architecture of gib&CS governance. The 2005 IPCC Special Repci@h
demonstrates the pivotal role that ideas, normssaimhtific knowledge have played in transformihg t
preferences of the international climate-changepaommunity.
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This paper measures the economic impact of clila@ge on US agricultural land by estimating tifece of
the presumably random year-to-year variation inpgerature and precipitation on agricultural profidsing



long-run climate change predictions from the Hadléylodel, the preferred estimates indicate thahaie
change will lead to a $1.1 billion (2002%$) or 3.#¥¢rease in annual profits. The 95% confidencerviaieranges
from -$1.8 billion to $4.0 billion and the impastriobust to a wide variety of specification checkslarge
negative or positive effects are unlikely. Theredssiderable heterogeneity in the effect acrosstiuntry with
California’s predicted impact equal to -$2.4 biflifor nearly 50% of state agricultural profits) rther, the
analysis indicates that the predicted increasésniperature and precipitation will have virtually effect on
yields among the most important crops. These crag findings suggest that the small effect on {gaé not
due to short-run price increases. The paper alptements the hedonic approach that is predomimathiei
previous literature. We conclude that this appraaely be unreliable, because it produces estimétibe @ffect
of climate change that are very sensitive to segiyiminor decisions about the appropriate conteslables,
sample and weighting. Overall, the findings contriathe popular view that climate change will haubstantial
negative welfare consequences for the US agri@llsactor.

Deutsch, C. A., J. J. Tewksbury, et al. (2008).g4cts of climate warming on terrestrial ectotheam®ss latitude.”
Proceedings of the National Academy of SciencabefJnited States of Amerid®5: 6668-6672 DOI:

10.1073/pnas.0709472105
Open Access Article* Availableat: http://www.pnas.org/content/105/18/6668.full

The impact of anthropogenic climate change orgtrial organisms is often predicted to increagh latitude,
in parallel with the rate of warming. Yet the bigical impact of rising temperatures also dependthen
physiological sensitivity of organisms to temperatchange. We integrate empirical fitness curvesril@ng the
thermal tolerance of terrestrial insects from arbtire world with the projected geographic distribaitof climate
change for the next century to estimate the direptict of warming on insect fitness across latittidees results
show that warming in the tropics, although reldgiamall in magnitude, is likely to have the mostederious
consequences because tropical insects are rejasieasitive to temperature change and are currkvithg very
close to their optimal temperature. In contrasécigs at higher latitudes have broader thermalaonte and are
living in climates that are currently cooler thaeit physiological optima, so that warming may eeahance
their fitness. Available thermal tolerance datadeveral vertebrate taxa exhibit similar pattesngjgesting that
these results are general for terrestrial ectothe@ur analyses imply that, in the absence of amaing factors
such as migration and adaptation, the greatestatixin risks from global warming may be in the tospwhere
biological diversity is also greatest.

Doney, S. C. (1996). "A synoptic atmospheric swefircing data set and physical upper ocean modé¢hé U.S.
JGOFS Bermuda Atlantic Time-Series Study site.'fdaluof Geophysical Researtl: 25615-25634 DOI:
10.1029/96jc01424

Available at: http://www.agu.org/pubs/crossref/1996/96JC0142b

An atmospheric surface forcing data set with syiedpmporal resolution is constructed (ECMWF) gienal
analysis, daily cloud fraction and surface, for th&. Joint Global Ocean Flux Study (JGOFS) BernmAidiantic
Time Series (BATS) site for 1988-1992. The forcitaga set is based primarily on the 6-hourly Eurap@entre
for Medium Range Weather Forecasts air temperatume)synoptic meteorological Comprehensive
Ocean-Atmosphere insolation estimates from theratenal Satellite Cloud Climatology Project, andnthly
derived satellite precipitation estimates fromfierowave sounding unit. Good agreement is fourtdiden the
ECMWEF surface properties (e.g., wind speed, data the Bermuda airport and Data Set (COADS) sippnts,
though the analysis tends to damp the amplituegxwéme weather events. Monthly air-sea heat asthfater
flux estimates are generally consistent with clohagical estimates for the BATS region. The diagrtbset heat
and fleshwater fluxes from the BATS conductivityaigerature-depth data show significant additionahtinao
month variability that is not related to local agpberic forcing but appears to arise from mesoszalpled to a
one-dimensional simulations quantitatively repragdowch of the observed advection. The surfacerfgrdata
set is then upper ocean boundary layer model,t@ndesulting behavior of sea surface temperataa, ¢tontent,
and mixed layer depth for the BATS site for theigeOctober 1988 through September 1992. The irgtluce
variability in the ocean model on diurnal and stdirmescales is analyzed, and the impact of usiadeBMWF
analysis data rather than synoptic ship or moaslmggrvations is also examined. The main deficisrici¢he
simulation are related to the influence of advexgvents in the BATS record and to possible shiftae
ECMWEF model, and preliminary techniques for addresthese problems by incorporating the horizontal
advective effects are presented. The difficultesoaiated with directly verifying local one-dimemsal models
using coarsely sampled time-series data is alsusted.
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Satellite data show that phytoplankton biomassgaodth generally decline as the oceans’ surfadensavarm
up. Is this trend, seen over the past decade inigar of the future for marine ecosystems? Oraigétorida,
wildfires in Indonesia, plankton in the North Paci#— what links these seemingly disparate itenthas they are
all affected by year-to-year fluctuations in glokable climate. On page 752 of this issue, Behleefeal. 1
describe how such fluctuations, especially in terapee, are connected to the productivity of phignkton in
the world's oceans.

Doney, S. C. (2010). "The growing human footprintomastal and open-ocean biogeochemistry." Scig2fte
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Available at: http://www.sciencemag.org/content/328/5985/131@1s
Climate change, rising atmospheric carbon dioxédeess nutrient inputs, and pollution in its mémyns are
fundamentally altering the chemistry of the oceadten on a global scale and, in some cases, & gadatly
exceeding those in the historical and recent gécdbgecord. Major observed trends include a shithe
acid-base chemistry of seawater, reduced subsusfg@en both in near-shore coastal water and ipea
ocean, rising coastal nitrogen levels, and widespmecrease in mercury and persistent organic {aoits. Most
of these perturbations, tied either directly oriiectly to human fossil fuel combustion, fertilizese, and
industrial activity, are projected to grow in comidecades, resulting in increasing negative impatiscean
biota and marine resources.

Doney, S. C., V. J. Fabry, et al. (2009). "Oceaidification: The Other CO 2 Problem." Annual ReviefWarine
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Available at: http://www.annualreviews.org/doi/abs/10.1146/aenumarine.010908.163834
Rising atmospheric carbon dioxide (CO2), primafitym human fossil fuel combustion, reduces ocdammpd
causes wholesale shifts in seawater carbonate strgmihe process of ocean acidification is wettwoented in
field data, and the rate will accelerate over deistury unless future CO2 emissions are curbed atreatly.
Acidification alters seawater chemical speciatiod hiogeochemical cycles of many elements and cangs
One well-known effect is the lowering of calciunrlmanate saturation states, which impacts shelldfogrmarine
organisms from plankton to benthic molluscs, ectiémms, and corals. Many calcifying species exhéiticed
calcification and growth rates in laboratory experts under high-CO2 conditions. Ocean acidificaéitso
causes an increase in carbon fixation rates in ggratsynthetic organisms (both calcifying and radeifying).
The potential for marine organisms to adapt toaasmgCO2 and broader implications for ocean etesysare
not well known; both are high priori- ties for fuuresearch. Although oceans have varied in thiogieal past,
paleo-events may be only imperfect analogs to ntimenditions.
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technologies across the representative concemrpéithways." Energy Procedla5845-5852 DOI:
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The Intergovernmental Panel on Climate Chang®€Q) Fifth Assessment (to be published in 2013420l
to a significant degree be built around four Repnéstive Concentration Pathways (RCPs) that aemd®d to
represent four scenarios of future developmenteémghouse gas emissions, land use, and concens dtiat
span the widest range of potential future atmosphadiative forcing. Under the very stringent clita policy
implied by the 2.6 W/m2 overshoot scenario, alt&leity is eventually generated from low carbonises.
However, carbon dioxide capture and storage (C&3)logies never comprise more than 50% of total
electricity generation in that very stringent saemar in any of the other cases examined hererelase
significant differences among the cases studied imeterms of how CCS technologies are used, Wighmtost
prominent being is the significant expansion ohiies+CCS as the stringency of the implied climatiey
increases. Cumulative GGtorage across the three cases that imply birgiegnhouse gas constraints ranges by
nearly an order of magnitude from 170GtCO2 (radéaforcing of 6.0W/m2 in 2100) to 1600GtCO2 (2.6VZ/m
in 2100) over the course of this century. This ptité demand for deep geologic CO2 storage is wighin
published estimates of total global £€dorage capacity.

Doughty, C. E., C. B. Field, et al. (2010). "Canprlbedo be increased through the modificatioeafftrichomes, and
could this cool regional climate?" Climatic Charifd: 379-387 DOI: 10.1007/s10584-010-9936-0
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Managing the land surface to increase albedofseiifegional warming has received less attenhan t
managing the land surface to sequester carbone®ehether increasing agricultural albedo can pegibnal
climate. We first used the Community Atmosphere MId@CAM 3.0) coupled to the Community Land Model
(CLM 3.0) to assess the broad climatic effects bfjaothetical implementation of a strategy in whilkcl albedo
of cropland regions is increased using high alb=dps. Simulations indicate that planting briglteps can
decrease summertime maximum daily 2 m air tempegdiy 0.25°C per 0.01 increase in surface albedthight
latitudes (>30°). However, planting brighter crapdow latitudes (<30°) may have negative repelionss
including warming the land surface and decreastegipitation, because increasing the land surfimeda tends
to preferentially decrease latent heat fluxes ¢oatmosphere, which decreases cloud cover andillaife then
test a possible method for increasing crop albgdméasuring the range of albedo within 16 isoliokesoybeans
that differ only with trichome color, orientatioand density but find that such modifications haty omnor
impacts on leaf albedo. Increasing agriculturagédtbomay cool high latitude regional climate, butr@asing plant
albedo sufficiently to offset potential future wang will require larger changes to plant albedathee currently
available.

Downing, A. and A. Cuerrier (2011). "A synthesistioé impacts of climate change on the First Natems Inuit of

Canada." Indian Journal of Traditional Knowled@e 57-70

Open Access Article* Availableat: http://nopr.niscair.res.in/handle/123456789/11066
Climate change is impacting multiple aspectsfef Inany of which resonate with the wellbeing ofrfaunkind.
Indigenous peoples, including First Nations andtloommunities around the world are more vulnerablthe
risks associated with global warming. In this swsik, examples of direct and indirect impacts arderabilities
on First Nations and Inuit people inhabiting Canhdee been provided. Examples from other coun&ises
reminder that these populations are not alone hbeebeen included. After visiting the topics dffidysical
environment, cultural identity, cultural activitigfeod security and health with respect to Firstibtes and Inuit
peoples conclusion on adaptation within the condéxtange has been given. The paper stressethalso
importance of linking health to cultural identitycaland use. To fully grasp the impact of climétarege on First
Nations and the Inuit, government stakeholderdcpohakers, as well as researchers need to unddrdta
connection that these people retain with their I&eports from the Nunatsiaq News related to ckntdiange to
reiterate the concerns of Inuit people have beempded. Graphs, stemming from the compilation, cate what
are perceived as the growing problems linked toa&ié changes in these communities. In order todahasitive,
forward thinking, inclusive action, at the locavds science will need to team up with traditionablvledge.
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Available at: http://www.sciencemag.org/content/320/5878/893sh
Increasing quantities of atmospheric anthropogexad nitrogen entering the open ocean could acttar up to
about a third of the ocean's external (nonrecyadd)gen supply and up to approximately 3% ofdahaual new
marine biological production, approximately 0.3gggaim of carbon per year. This input could accéamthe
production of up to approximately 1.6 teragramsitbus oxide (N20) per year. Although approximated%
of the ocean's drawdown of atmospheric anthropegesarbon dioxide may result from this atmospheitimgen
fertilization, leading to a decrease in radiatiwecing, up to about two-thirds of this amount maydifset by the
increase in N20O emissions. The effects of increaatmospheric nitrogen deposition are expectedmbirtue to
grow in the future.
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Projections of polar bea(sus maritimus) sea ice habitat distribution in the polar bagirnirtty the 21st century
were developed to understand the consequencesiapated sea ice reductions on polar bear pomratiWe
used location data from satellite-collared polarbeind environmental data (e.g., bathymetry, mlistdo
coastlines, and sea ice) collected from 1985 t&b 18build resource selection functions (RSFs). R&escribed
habitats that polar bears preferred in summer naitwinter, and spring. When applied to independetd from
1996 to 2006, the RSFs consistently identified tabimost frequently used by polar bears. We agppie RSFs
to monthly maps of 21st-century sea ice conceptigirojected by 10 general circulation models (GLid in
the Intergovernmental Panel of Climate Change Rossessment Report, under the A1B greenhouse gas




forcing scenario. Despite variation in their projess, all GCMs indicated habitat losses in theapblasin during
the 21st century. Losses in the highest-valued Ritat (optimal habitat) were greatest in the Iseut seas of
the polar basin, especially the Chukchi and Barseds, and least along the Arctic Ocean shoreamf®Island
to northern Greenland. Mean loss of optimal potarthabitat was greatest during summer; from aarebd 1.0
million km2 in 1985-1995 (baseline) to a projeatedti-model mean of 0.32 million km2 in 2090-209968%
change). Projected winter losses of polar beart&aere less: from 1.7 million km2 in 1985-1995.t4 million
km2 in 2090-2099((17% change). Habitat losses based on GCM multi-hmodans may be conservative;
simulated rates of habitat loss during 1985-200fmany GCMs were less than the actual observed odit
loss. Although a reduction in the total amount pfimal habitat will likely reduce polar bear poptidas, exact
relationships between habitat losses and populdgomographics remain unknown. Density and energéects
may become important as polar bears make longadistannual migrations from traditional winter ras¢e
remnant high-latitude summer sea ice. These impatitkely affect specific sex and age groupsfeiently and
may ultimately preclude bears from seasonally némgyto their traditional ranges
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Open AccessArticle* Availableat: http://www.etcgroup.org/en/node/5217

E.T.C. Group (2011). Open Letter to IPCC on Geasegjiing
Open Access Article* Available at:
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Edenhofer, O. (2010). "IPCC yet to assess geoeagimg(correspondence).” Natuté3: 508-508 DOI:
10.1038/468508a
Available at: http://www.nature.com/nature/journal/v468/n7328/468508a.html
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As co-chair of Working Group 11l of the Intergovenental Panel on Climate Change (IPCC), | would tik
clarify your misleading implication that | recomntegeoengineering as an option for attaining amigticimate
targets (Nature 468, 13—14; 2010). The IPCC doehane a mandate to recommend or dismiss spedificigs
or technologies. It aims to assess all relevamatke-change mitigation options on the basis of-peaewed
scientific literature. This assessment must beas®dul, factual and policy-relevant, without beingspriptive.
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Available at: http://www.agu.org/journals/ABS/2001/2000GLO115HmI
Retrieval of background carbon dioxide into regiochemical extractors would counter anthropogéampats in a
manner friendly to established industries. We destrate via atmospheric transport/scaling calcubatithat for
idealized flat removal units, global coverage cdugdess than two hundred thousand square kilometbae
disrupted area drops to a small fraction of thithweingineering into the vertical to bypass lamilyafrence
structures and artificial roughness elements cdm lbe conceived. Sink thermodynamics are analyyadking
calcium hydroxide as a sample reactant. Energyamtld be minimized at near the endothermicitlyinfling
reversal. In the calcium case the value is 25 kgaé -, as against carbon content of 150 in tineesanits.
Aqueous kinetics are less than favorable for thdrdwide, but misting could counteract slow liquithge
transfer. Properties of superior scrubbers arenmatl
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Human populations and their use of land have foamed most of the terrestrial biosphere into ampligenic
biomes (anthromes), causing a variety of novelaggiohl patterns and processes to emerge. To asbesiser
human populations and their use of land have dyrettered the terrestrial biosphere sufficientyinidicate that
the Earth system has entered a new geological eppatially explicit global estimates of human pagions and
their use of land were analysed across the Holofmrtbeir potential to induce irreversible novertsformation
of the terrestrial biosphere. Human alteratiorhefterrestrial biosphere has been significant forenthan 8000
years. However, only in the past century has thiemiyaof the terrestrial biosphere been transfairirgo
intensively used anthromes with predominantly n@aghropogenic ecological processes. At present) @xere
human populations to decline substantially or ddara become far more efficient, the current glabdent,




duration, type and intensity of human transformmatibecosystems have already irreversibly altelneddrrestrial
biosphere at levels sufficient to leave an unanmdnigugeological record differing substantially frémat of the
Holocene or any prior epoch. It remains to be selegther the anthropogenic biosphere will be susthand
continue to evolve.

Engelhaupt, E. (2010). "Engineering a cooler EdRésearchers brainstorm radical ways to counteraté change
(Feature)." Science Newi§7: 16-20 DOI: 10.1002/scin.5591771220
Available at: http://doi.wiley.com/10.1002/scin.5591771220
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Climate change is happening. Urgent action is reguio limit it to a manageable level. The EU madpt the
necessary domestic measures and take the leadatiterally to ensure that global average tempegdtareases
do not exceed pre-industrial levels by more thad. 2°
This Communication and the accompanying impactsassent show that this is technically feasible and
economically affordable if major emitters act slyifiThe benefits far outweigh the economic costs.
This Communication is addressed to the Spring ZE)@épean Council which should decide on an integrand
comprehensive approach to the EU's energy andteinfenge policies. It follows up on the 2005
Communication "Winning the Battle against Globahtite Change" , which provided concrete
recommendations for EU climate policies and sekeytelements for the EU's future climate stratéqgyy.
deciding the next steps in our climate change pdlie European Council should take decisions whiith
enhance the conditions for reaching a new globaeagent to follow on from the Kyoto Protocol's ffirs
commitments after 2012.
This Communication proposes that the EU pursuésarcontext of international negotiations the otiyecof 30
% reduction in greenhouse gas emissions (GHG) bgldped countries by 2020 (compared to 1990 leve&lss
is necessary to ensure that the world stays witiér2°C limit. Until an international agreementdscluded, and
without prejudice to its position in internatiomadgotiations, the EU should already now take ama f
independent commitment to achieve at least a 28d¥ction of GHG emissions by 2020, by the EU erorssi
trading scheme (EU ETS), other climate change igaliand actions in the context of the energy polltys
approach will allow the EU to demonstrate interoradil leadership on climate issues. It will alscegivsignal to
industry that the ETS will continue beyond 2012 ariflencourage investment in emission reduction
technologies and low carbon alternatives.
After 2020, developing country emissions will owdu those of the developed world. In the meanwtiilerate
of growth of overall developing country emissiohssld start to fall, followed by an overall abselueduction
from 2020 onwards. This can be achieved withowgaiifig their economic growth and poverty reductimn,
taking advantage of the wide range of energy aakport related measures that not only have a regj@sions
reduction potential, but also bring immediate eenitoand social benefits in their own right.
By 2050 global emissions must be reduced by u@@tésompared to 1990, implying reductions in depetb
countries of 60-80 % by 2050. Many developing cdaatwill also need to significantly reduce thaiissions.
Market based instruments such as the EU ETS wil bey tool to ensure that Europe and other camtgach
their targets at least cost. The post-2012 framkwbould enable comparable domestic trading schéories
linked with one another, with the EU ETS as théapibf the future global carbon market. The EU Eilib
continue to be open after 2012 to carbon crediis fine Clean Development Mechanism and Joint
Implementation projects under the Kyoto Protocol.
The EU and its Member States should decide onyasignificant increase in investment in researath an
development in the areas of energy production amihg.
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Oceanic uptake of anthropogenic carbon dioxideJ@altering the seawater chemistry of the worlaiteans
with consequences for marine biota. Elevated pantessure of CQ(pCQ,) is causing the calcium carbonate
saturation horizon to shoal in many regions, paldidy in high latitudes and regions that interseith
pronounced hypoxic zones. The ability of marinevais, most importantly pteropod molluscs, forangraf and




some benthic invertebrates, to produce calcardalstal structures is directly affected by seaw&es
chemistry. CO2 influences the physiology of mawnganisms as well through acid-base imbalance edaced
oxygen transport capacity. The few studies at selepCQ levels impede our ability to predict future impaon
foodweb dynamics and other ecosystem processes.vitepresent new observations, review available, daid
identify priorities for future research, based egions, ecosystems, taxa, and physiological presdsslieved to
be most vulnerable to ocean acidification. We acotelthat ocean acidification and the synergistjgaots of
other anthropogenic stressors provide great pateoti widespread changes to marine ecosystems.
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Puget Sound is a large estuary complex in the Ragific Northwest that is home to a diverse arahemically
important ecosystem threatened by anthropogeniaétspssociated with climate change, urbanizagiod,
ocean acidification. While ocean acidification hagn studied in oceanic waters, little is knowrarding its
status in estuaries. Anthropogenically acidifiedstal waters upwelling along the western North Aoaer
continental margin can enter Puget Sound througlsthait of Juan de Fuca. In order to study theluoeu
effects of ocean acidification and other natural anthropogenic processes on Puget Sound watersade the
first inorganic carbon measurements in this estoartwo survey cruises in February and August @820
Observed pH and aragonite saturation state vatussrface and subsurface waters were substaritatr in
parts of Puget Sound than would be expected frahr@mogenic carbon dioxide (GQuptake alone. We
estimate that ocean acidification can account 4&42% of the pH decrease in the deep waters dfidloel Canal
sub-basin of Puget Sound relative to estimatedruhestrial values. The remaining change in pH betwehen
seawater enters the sound and when it reachedetbsbasin results from remineralization of orgamétter due
to natural or anthropogenically stimulated respraprocesses within Puget Sound. Over time, howéhe
relative impact of ocean acidification could in@eaignificantly, accounting for 49e82% of the ptmkase in
subsurface waters for a doubling of atmospherig. CBese changes may have profound impacts on tiet Pu
Sound ecosystem over the next several decades €hisates suggest that the role ocean aciddicatill play
in estuaries may be different from the open ocean.
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Integrating conceptually similar models of thewgtto of marine and terrestrial primary producerddgd an
estimated global net primary production (NPP) ot.9(etagrams of carbon per year, with roughly equa
contributions from land and oceans. Approachestanesatellite indices of absorbed solar radiaitiolicate
marked heterogeneity in NPP for both land and oxe&flecting the influence of physical and ecatagi
processes. The spatial and temporal distributiblog@an NPP are consistent with primary limitatignlight,
nutrients, and temperature. On land, water limotatmposes additional constraints. On land andrgcea
progressive changes in NPP can result in alterdmbnastorage, although contrasts in mechanismarbbn
storage and rates of organic matter turnover résaltrange of relations between carbon storagehadges in
NPP.
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Most modeling studies on terrestrial feedbacksaoming over the twenty-first century imply thaethet
feedbacks are negative—that changes in ecosystentise whole, resist warming, largely through estay
carbon storage. Although it is clear that potehti@hpor tant mechanisms can lead to carbon storagember
of less well- understood mechanisms, several ofkwhre rarely or incompletely modeled, tend to dishi the
negative feedbacks or lead to positive feedbackbigh latitudes, negative feedbacks from foregtagmsion are
likely to be largely or completely compensated bgifive feedbacks from decreased albedo, increzesdn
emissions from thawed permarfrost, and increasedfivel At low latitudes, negative feedbacks to wengnwill
be decreased or eliminated, largely through dineatan impacts. With modest warming, net feedbatks o
terrestrial ecosystems to warming are likely tonbgative in the tropics and positive at high laléts. Larger
amounts of warming will generally push the feedlsackvard the positive.
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Geo-engineering is an emerging field with vergiditesearch done on the full efficacy and ecolalgic
consequences of many of the methods that are tiyrbeing proposed. Some methods prove to be nabigbte
than others; however, it should be approached extreme caution, and should only be used as adsstt. This
paper reviews some of the main methods of geo-ergimg and evaluates their risks and effectiverietsscal
and environmental impacts will also be reviewedyel as the implications of what it means to eeginthe
climate.
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Like their tropical counterparts, temperate anceabrainforests arose from a tightly knit assearatvith climate
(see chapter 1). Global climate disruptions arecfioee likely to result in dire consequences toficests,
particularly as temperature and precipitation lexsk affected by climate change as discussed ieaHier
chapters. Notably, declines in snow pack (therdfacting water supply and aquatic organisms—seezMotl.
2005) and recent increases in the duration ofitbeséasons (Westerling et al. 2006) are alredegtitig regions
with temperate and boreal rainforests. Particulanlyperable are food-web dynamics involving woodl@aribou
and rainforest lichens (see chapter 3) and largewtaes and salmon (see chapter 2). The lossystline taxa at
lower levels (lichens, salmon) in temperate anealorainforests may ultimately create the “perf#otm”
whereby climatic thresholds for keystone specigenterate across food chains (e.g., see Lichato¥8&9 for
how the loss of salmon could affect food-web dyreanm the Pacific Coast of North America).
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The checkered history of weather and climate nizatibn exhibits a modicum of promise and an exoésg/pe.
This paper examines two completed historical cydhesfirst, dating from 1839, involved western gmietary
rainmaking or “pluviculture;” the second, from 19#61978 involved “cloud seeding,” commercial raakimg,
and the attempted weaponization of the clouds. Rbgceliscussion of weather and climate modificatias
returned to the science-policy agenda, framed emisgly inevitable responses to killer storms aluthgl
warming. The long history of deceptive and delual@itempts to “control” nature, however, raisedoaes
guestions about the rationality of these options.
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Long-term future warming is primarily constraingg cumulative emissions of carbon dioxide1l—4. Rresi
studies have estimated that humankind has alreadied about 50% of the total amount allowed if marg,
relative to pre-industrial, is to stay below 2 €f¢r1,2). Carbon dioxide emissions will thus needdcrease
substantially in the future if this target is tornet. Here we show how links between nearterm aewss
long-term behaviour and climate sensitivity undettas constrain options for emissions mitigatibising a
model of intermediate complexity5,6, we exploreithplications of non-zero long-term global emissipn
combined with various near-term mitigation ratesl@lays in action. For a median climate sensitj\aty
long-term 90% emission reduction relative to thespnt-day level is incompatible with a 2 C targehwv the
coming millennium. Zero or negative emissions carctmpatible with the target if medium to high
emission-reduction rates begin within the next tleeades. For a high climate sensitivity, howevesne
negative emissions would require a global mitigatiate at least as great as the highest rate @asideasible
by economic models7,8 to be implemented withinctrming decade. Only a low climate sensitivity woallhw
for a longer delay in mitigation action and a mooaservative mitigation rate, and would still reguat least
90% phase-out of emissions thereafter.
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We considered different properties of stratosghsuifate aerosols and their size distributionsestomated how
efficient they are at compensating for the chamgeadiative fluxes at different atmospheric levatal deviation
of air temperature during greenhouse warming armah @erosol dimming. A two-dimensional zonally agems
model of the annually average radiative and theragime of the troposphere and stratosphere (tlkeegin
Balance Radiative Convective Model, EBRCM) is uk®dhis. This model allows for assessing the diedfects
of changes in many parameters of atmospheric derasd the underlying surface, as well as chanatts of
aerosol screens. We estimate the sulfate aeroschbgepths and masses for offsetting the annaaity zonally
averaged increases in the near-ground air temperamused by increases in the greenhouse gasitonte
according to measurements and the IPCC A2 scefaarii®70-2050. No offset is indicated if aerosoksns are
emplaced in the polar zones (poleward of 70° N-)0and a screen emplaced in just one hemisphshmign to
be incapable of producing total offsetting of glblvarming.
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This study suggests that the cause of the stagniatiglobal warming in the mid 20th century was th
atmospheric nuclear explosions detonated betwe4s 489d 1980. The estimated GST drop due to finefdus
the actual atmospheric nuclear explosions basedeopublished simulation results by other reseascgesingle
column model and Atmosphere-Ocean General Circuldtlodel) has served to explain the stagnatioriabag
warming. Atmospheric nuclear explosions can berdmghas full-scale in situ tests for nuclear winfdre
non-negligible amount of GST drop from the actuai@spheric explosions suggests that nuclear wisiteot
just a theory but has actually occurred, albeia@mall scale. The accuracy of the simulations®T Gy IPCC
would also be improved significantly by introducithge influence of fine dust from the actual atmasph
nuclear explosions into their climate models; thglgbal warming behavior could be more accuratebdijzted.
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United Nations Climate Change Conference 2009%ipe@hagen makes global warming become a hot and
controversial topic. The paper briefly reviews tamtroversial causes of the problem, and cites mamdences
to show the objective existence of it. The reagonglobal warming are explained, and its serioasrththat
could bring to the planet and humanity are alsdyaed. The paper introduces the human's main measur
response to global warming, especially includirg¢hrbon sequestration forestry. And it particylartroduces




the concept, the main contents and its superibritiie measures system that responses to the glaialing.
Analysis obtains that global warming is the mosecl manifestations and trends of climate changeisstage,
people must take active measures; carbon sequestfatestry is an efficient, clean but low-costasares to
reduce emissions and increase sinks, and has hlawtiplogical benefits and the huge social and @oin
benefits. Carbon sequestration forestry is an itapbmay to slow the process of global warming eowhbat
global climate change.
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The Royal Society's landmark report on geoengingés predicated on a particular account of thetext and
rationale for intentional manipulation of the clirmaystem, and this ethical framework probably axyl many
of the Society's conclusions. Critical reflectiantbe report's values is useful for understandisggteements
within and about geoengineering policy, and alsddentifying questions for early ethical analySispics
discussed include the moral hazard argument, gamems) the ethical status of geoengineering undiereint
rationales, the implications of understanding gga®ering as a consequence of wider moral failme, ethical
resistance to invasive interventions in environraksystems.
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The proposed plan for enrichment of the Sulu Badippines, a region of rich marine biodiversiwith
thousands of tonnes of urea in order to stimulltal dlooms and sequester carbon is flawed foriplalteasons.
Urea is preferentially used as a nitrogen sourcgdoye cyanobacteria and dinoflagellates, many id¢wére
neutrally or positively buoyant. Biological pumpmsthe deep sea are classically leaky, and theicrezit burial of
new biomass makes the estimation of a net losarbba from the atmosphere questionable at bestpdtential
for growth of toxic dinoflagellates is also higls, many grow well on urea and some even increagettixecity
when grown on urea. Many toxic dinoflagellates farysts which can settle to the sediment and getsina
subsequent years, forming new blooms even withathér fertilization. If large-scale blooms do ocatiis
likely that they will contribute to hypoxia in thmttom waters upon decomposition. Lastly, urea pecadn
requires fossil fuel usage, further limiting thetigrdial for net carbon sequestration. The enviramaleand
economic impacts are potentially great and nedxtogorously assessed.
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Because ocean color alters the absorption ofghiniit can produce changes in sea surface tenjesatvith
further impacts on atmospheric circulation. Thesgnges can project onto fields previously recoghtoealter
the distribution of tropical cyclones. If the Nomacific subtropical gyre contained no absorbing) saattering
materials, the result would be to reduce subtropipeone activity in the subtropical Northwest Radoy 2/3,
while concentrating cyclone tracks along the equ@cedicting tropical cyclone activity using coeglmodels
may thus require consideration of the details ¥ heat moves into the upper thermocline as well as




biogeochemical cycling.
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The question of whether ocean iron fertilizati@iR) can yield verifiable carbon sequestrationfierocast in
terms of whether fertilization results in enhanpadicle export. How- ever, model studies show ttaanic
carbon storage is only weakly related to globatipiarexport—depending instead on an increasedrctitbon
associated with the pool of remineralized nutriefitee magnitude of such an increase depends anlatian,
stoichiometric ratios and gas exchange. We argatethis puts serious challenges before effortsdperly credit
OIF that must be taken into account at the dediges
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Anthropogenic greenhouse gas emissions are clatiggrEarth’s cli- mate and impose substantiakrisk
current and future generations. What are scieatificound, economically viable, and ethically defable
strategies to manage these climate risks? Ratiftednhational agreements call for a reduction eegghouse gas
emissions to avoid dangerous anthropogenic intmter with the climate system. Recent proposalsetieny call
for a different approach: to geoengineer climaténjgcting aerosol precursors into the stratospHeublished
economic studies typically neglect the risks obael geoengineering due to (i) the potential féaikure to
sustain the aerosol forcing and (ii) the negatimpacts associated with the aerosol forcing. Hereiseea simple
integrated assessment model of climate changealgznpotential economic impacts of aerosol gegierering
strategies over a wide range of uncertain parasetarh as climate sensitivity, the economic damegego
climate change, and the economic damages duedsa@reoengineering forcing. The simplicity of thedel
provides theadvantages of parsimony and transparbatit also imposes severe caveats on the irggon of
the results. For example, the analysis is basealglabally aggregated model and is hence silent on
intragenerational distribution of costs and besefit addition, the analysis neglects the effettearning and
has a very simplistic representation of climatenggaimpacts. Our analysis suggests three main usinoks.
First, substituting aerosol geoengineering for GMatement can be an economically ineffective giyat®ne
key to this finding is that a failure to sustaie therosol forcing can lead to sizeable and abtirpatic changes.
The monetary damages due to such a discontinuoosageoengineering can dominate the cost- benefit
analysis because the monetary damages of climateyehare expected to increase with the rate ofgehan
Second, the relative contribution of aerosol geowreying to an economically optimal portfolio hisgeritically
on, thus far, deeply uncertain estimates of theadgm® due to aerosol forcing. Even if we assumeatiraisol
forcing could be deployed continuously, the aergeaengineering does not considerably displace CO2
abatement in the simple economic optimal growth ehodtil the damages due to the aerosol forcingaitresr
low. Third, substituting aerosol geoengineeringdmgenhouse gas emission abatement can fail azaktbst
regarding intergenerational justice. Substitutingpaol geoengineering for greenhouse gas emisalmiements
constitutes a conscious risk transfer to futuresgations, in violation of principles of intergenioaal justice
which demands that present generations shouldreatecbenefits for themselves in exchange for msda
future generations.
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The Sun was fainter when the Earth was youngtHeutlimate was generally at least as warm as tddesyis
known as the ‘faint young Sun paradox’. Rosinglét claim that the paradox can be resolved by noplie
early Earth’s clouds and surface less reflective. ahow that, even with the strongest plausiblerapians,
reducing cloud and surface albedos falls short factor of two of resolving the paradox. A temperAtchean
climate cannot be reconciled with the low levelC@®2 suggested by Rosing et al.; a stronger greseheffect is
needed.
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It is proposed that liquid CO is mixed with pulized limestone (CaCO ) and seawater in a presswex®|. An
emulsion is created which is piped to intermedigpth in the ocean, where the emulsion is reletisedgh a
diffuser. The emulsion plume has a bulk densit§.dfkg m , thus it will sink as a gravity curreatgreater depth
from the release point. Several kinetic processearo-3 simultaneously: (a) the entrainment of sganby the
emulsion plume, (b) the dissolution of CaCO ,3tle) dissolution of CO , and (d) the reaction oédiged CO
with CaCO to form bicarbonate.22 3 In the presaric@aCO , the plume around the release point I &
instead of 3 around the release point of liquid C8#sequent entrainment of seawater brings rafiidlypH to
near 3 ambient values. The resulting calcium andrbbnate ions are available nutrients for maringamisms.
The bicarbonate solution will stay in the ocearefirdtely as contrasted with carbonic acid whiclemwually
would resurface and equilibrate with the atmosphdiast importantly, the emulsion can be releasighgy
below 500 m, as the emulsified CO will not phageasate and 2 ascend to a depth where it would fldeh
vapor. This makes the release depth accessiblany more coastal power plants than the previotslyght
minimum depth of 1000 m for the release of puraitidCO,.
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Deep-sea benthic ecosystems are sustained ldrgelsganic matter settling from the euphotic zofteese fluxes
usually have a more or less well-defined seasaraponent, often with two peaks, one in spring/esuynmer,
the other later in the year. Long time-series ddtasuggest that inter-annual variability in themsity, timing
and composition of flux maxima is normal. The segtimaterial may form a deposit of “phytodetritusi the
deep-seafloor. These deposits, which are most cammmiemperate and high latitude regions, partityle
North Atlantic, evoke a response by the benthitsbiduch of our knowledge of these responses cdrogsa
few time-series programmes, which suggest thab#bere of the response varies in different oceapiuc
settings. In particular, there are contrasts betveeasonal processes in oligotrophic, central aceaeas and
those along eutrophic continental margins. In trener, it is mainly “small organisms” (bacteria grdtozoans)
that respond to pulsed inputs. Initial responses#@chemical (e.g. secretion of bacterial exoereg)rand any
biomass increases are time lagged. Increased nfietabtivity of small organisms probably leads éasonal
fluctuations in sediment community oxygen consumptreported mainly in the North Pacific. Metazoan
meiofauna are generally less responsive than pratez(foraminifera), although seasonal increasablimdance
and body size have been reported. Measurable pgaputesponses by macrofauna and megafauna are less
common and confined largely to continental margimsddition, seasonally synchronised reproducgiod larval
settlement occur in some larger animals, again Isnarcontinental margin settings. Although seasdeathic
responses to pulsed food inputs are apparentlysprdad on the ocean floor, they are not ubiquitblost
deep-sea species are not seasonal breeders amdthg@robably large areas, particularly at abydsaths, where
biological process rates are fairly uniform ovendi As with other aspects of deep-sea ecology,deshp
processes cannot be encapsulated by a single garagirther long time-series studies are neededderstand
better the nature and extent of seasonality in-deepbenthic ecosystems.
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In terms of climate mitigation options, the theéma& potential of biomass energy with carbon cep@and storage
(BECCS) is substantial; introducing the prospeadterjative emissions, it offers the vision of drayvin
atmospheric CO2 concentrations back down to presitnél levels. This paper reviews issues raised at
workshop on BECCS, convened in Scotland in lat9280esentations by bioenergy and CCS speciabstsed
topics including the climate policy rationale fOEBCS, global biomass CCS potential, the UK potéfidia
BECCS, the risk of fossil fuel lock-in via coal fiong, and carbon market issues. In practice sitede of the
forestry and accessible CCS infrastructure requarecamong the obstacles to the large-scale depiuyof
BECCS in the near term. While biomass co-firingwabal offers an early route to BECCS, a quite sutisl
(>20%) biomass component may be necessary to &hegative emissions in a co-fired CCS system. I8mal
scale BECCS, through co-location of dedicated ecaobusted biomass on fossil CCS CO2 transportipge




routes, is easier to envisage and would be potlsrittas problematic. Hence, we judge that BECCS§ ead
likely will, play a role in carbon reduction, budre needs to be taken not to exaggerate its pategitren that (i)
there are few studies of the cost of connectingpbawessing (combustion, gasification or otherjasfructure
with CO2 storage sites and (ii) that scenarioslab@ bioenergy potential remain contentious.
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Capturing carbon by planting trees or avoidingpdedtation is thought to be a cost-effective wasettuce the
inexorable rise in CO2 in the atmosphere. We desaiway to motivate African farmers to plant traed
protect woodland, based on a Mozambican pilot ptajethe voluntary carbon market. By late 2009105
farmers were enrolled. Between 2003 and 2009, rijeqt was able to sell carbon credits totalingragimnately
US$1.3 million on the voluntary carbon market, esponding to 156,000 tCO2, at a price that aver&i®b.0
per ton. Moreover, the effect of the carbon projeas to increase rural employment from 8.6 to 3&%lst 73%
of households raised commercial crops compared2@ previously. There was also a notable developaie
social capital, with a measurable increase inditgrand the development of a business ethos wsthceged
practical skills.
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The Kyoto Protocol recognises trees as a sinladfan and a valid means to offset greenhouse gasiens and
meet internationally agreed emissions targets. Sthidy details biological carbon sequestrationsréte common
plantation species Araucaria cunninghamii (hoo piBucalyptus cloeziana, Eucalyptus argophloia, Pinus
dliottii andPinus caribaea var hondurensis and individual land areas required in north-eastarstralia to offset
greenhouse gas emissions of 1000 t CO2e. The 3R@asion model was used to predict above and
below-ground estimates of biomass carbon for agafgoil productivity conditions for six represative
locations in agricultural regions of north-eastAustralia. The total area required to offset 10@M2e ranges
from 1 ha ofE. cloeziana under high productivity conditions in coastal NoQueensland to 45 ha of hoop pine in
low productivity conditions of inland Central Quetand. These areas must remain planted for a mmiofu30
years to meet the offset of 1000 t CO2e.
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Arctic climate change from the Paleocene epocthd@resent is reconstructed with the objectivassissing its
recent and future impacts on the ecology of thetNatlantic. A recurring theme in Earth's paleodim record is
the importance of the Arctic atmosphere, ocean caymsphere in regulating global climate on a ugrig spatial
and temporal scales. A second recurring themeisirélcord is the importance of freshwater expanmrfithe
Arctic in regulating global- to basin-scale oceanudation patterns and climate. Since the 1978$phcally
unprecedented changes have been observed in tlie #gclimate warming has increased precipitatiwer
discharge, and glacial as well as sea-ice mellingddition, modal shifts in the atmosphere hateredl Arctic
Ocean circulation patterns and the export of fregbninto the North Atlantic. The combination oésle
processes has resulted in variable patterns diir@®r export from the Arctic Ocean and the emargat
salinity anomalies that have periodically freshewaders in the North Atlantic. Since the early 189thanges in
Arctic Ocean circulation patterns and freshwatgroeikhave been associated with two types of eccébgi
responses in the North Atlantic. The first of thesgponses has been an ongoing series of biogduograpge
expansions by boreal plankton, including renewdheftrans-Arctic exchanges of Pacific species thith
Atlantic. The second response was a dramatic regifiein the shelf ecosystems of the Northwesh#tic that
occurred during the early 1990s. This regime sk#ulted from freshening and stratification of shelf waters,
which in turn could be linked to changes in theratances and seasonal cycles of phytoplankton, aokian,
and higher trophic-level consumer populationss piedicted that the recently observed ecologesianses to
Arctic climate change in the North Atlantic will nue into the near future if current trends ia &=,
freshwater export, and surface ocean salinity oostilt is more difficult to predict ecological pesises to abrupt
climate change in the more distant future as tigioints in the Earth's climate system are exceddead More:
http://www.esajournals.org/doi/full/10.1890/07-05560
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Volcanic aerosols from the 1991 Mount Pinatubggom greatly increased diffuse radiation worldwidethe
following 2 years. We estimated that this increasdiffuse radiation alone enhanced noontime phpotibeesis of
a deciduous forest by 23% in 1992 and 8% in 19%2unloudless conditions. This finding indicatest tthe
aerosol-induced increase in diffuse radiation leywblcano enhanced the terrestrial carbon sinkcanttibuted
to the temporary decline in the growth rate of &pieric carbon dioxide after the eruption.
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Despite large uncertainties in the fertilizatidficiency, natural iron fertilization studies andmse of the
purposeful iron enrichment studies have demonstitii@ Southern Ocean iron fertilization can lead t
significant export of carbon from the sea surfacthe ocean interior. From an economic perspedttiegotential
of ocean iron fertilization (OIF) is far from negjlble in relation to other abatement options. Conmggthe range
of cost estimates to the range of estimates fastation projects they are in the same order ohitzde, but
OIF could provide more carbon credits even if higdtount rates are used to account for potentékige and
non-permanence. However, the uncertainty aboutsiregkadverse effects of purposeful iron fertilizaton
marine ecosystems and biogeochemistry has ledeimpatis to ban commercial and, to some extent, §ioten
experiments aimed at a better understanding girtheesses involved, effectively precluding further
consideration of this mitigation option. As regatls perspective of public international law, tlestiment
agreements dealing with the protection of the neaeinvironment indicate that OIF is to be considexethwful
if and to the extent to which it represents legitienscientific research. In this respect, the préaaary principle
can be used to balance the risks arising out ehsiic OIF activities for the marine environmenitiwthe
potential advantages relevant to the objectivabetlimate change regime. As scientific OIF expents
involve only comparatively small negative impacithin a limited marine area, further scientific gasch must
be permitted to explore the carbon sequestratitenpal of OIF in order to either reject this copter integrate
it into the flexible mechanisms contained in theokyProtocol.
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Leakage is one of the main concerns of all paitiesived with the development of Carbon Capture Storage.
From an economic point of view, van der Zwaan arddgh (2009) suggest that CCS remains a valuadtiero
even with CO2 leakage rate as high as of a few 2ygar. But what is valuable is, ultimately, detered by
social preferences and parameters that are beyombmic modeling. Examining the point of view ofifo
stakeholder groups: industry, policy-makers, emuinental NGOs and the general public, we concludettiere
is a social agreement today: zero is the only gabépcarbon leakage rate.
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Many geoengineering projects have been proposaddress climate change, including both solar tiadia
management and carbon removal techniques. Sorhes#¥ thethods would introduce additional compounigs i
the atmosphere or the ocean. This poses a diftomiindrum: Is it permissible to remediate oneypafit by
introducing a second pollutant into a system tlaat &lready been damaged, threatened, or alteredfaiive this
conundrum as the “Problem of Permissible Pollutidn this paper, we explore this problem by takinp ocean
fertilization and advancing an argument that restthree moral claims. We first observe that paluis, in
many respects, a context-dependent matter. Thanadison leads us to argue for a “justifiabilitgiterion.”
Second, we suggest that remediating actions mkestinégo account the antecedent conditions that lgawen rise
to their consideration. We call this second obg@mehe “antecedent conditions criterion.” Fihglwe observe
that ocean fertilization, and other related geoesgiing technologies, propose not strictly to clearcarbon
emissions, but actually to move the universe toestuture, unknown state. Given the introduced gateve
impose a “future-state constraint”. We conclutiattocean fertilization is not an acceptable sofutor




mitigating climate change. In attempting to sHik universe to a future state (a) geoengineertgajises
consideration of the antecedent conditions thag lggwen rise to it —conditions, we note, that imyaases
involve unjustified carbon emissions —and (b) itstnappeal to an impossibly large set of affectatigs
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A coarse resolution coupled ocean—atmosphere afioanlin which surface albedo feedback is suppoebge
prescribing surface albedo, is compared to one evbirgow and sea ice anomalies are allowed to aftefdce
albedo. Canonical C&loubling experiments were performed with both ntete assess the impact of this
feedback on equilibrium response to external farcihaccounts for about half the high-latitudep@sse to the
forcing. Both models were also run for 1000 yr wiihforcing to assess the impact of surface allieeldback on
internal variability. Surprisingly little internafariability can be attributed to this feedback,eptdn the Northern
Hemisphere continents during spring and in theeeaone of the Southern Hemisphere year rountheste
locations and during these seasons, it accountatfonost, 20% of the variability. The main reagmmthis
relatively weak signal is that horizontal dampinggqesses dilute the impact of surface albedo fegdbshen
snow albedo feedback in Northern Hemisphere comitsns isolated from horizontal damping procesgd®gs a
similar strength in the C@doubling and internal variability contexts; a givemperature anomaly in these
regions is associated with approximately the sama@ge in snow depth and surface albedo whethexst w
externally forced or internally generated. Thisgeajs that the presence of internal variabilitthiz observed
record is not a barrier to extracting informatidooat snow albedo feedback’s contribution to eqitim climate
sensitivity. This is demonstrated in principle ilsgenario run,” where estimates of past, presant future
changes in greenhouse gases and sulfate aerosdatsparsed on the model with surface albedo feediidtdk
simulation contains a mix of internal variationslaxternally forced anomalies similar to the obsdrrecord.
The snow albedo feedback to the scenario run’sstéranomalies agrees very well with the snow albedo
feedback in the C&doubling context. Moreover, the portion of thersaéo run corresponding to the present day
satellite record is long enough to capture thisliieek, suggesting this record could be used tmasti snow
albedo feedback’s contribution to equilibrium climaensitivity.
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Using multiple lines of evidence, we demonstrhtd volcanic ash deposition in August 2008 initiabae of the
largest phytoplankton blooms observed in the suigakorth Pacific. Unusually widespread transpooni a
volcanic eruption in the Aleutian Islands, Alaskepdsited ash over much of the subarctic NE Paédilpwed
by large increases in satellite chlorophyll. Suefacean pCO2, pH, and fluorescence reveal thdiltioen started
a few days after ashfall. Ship based measuremkatgesi increased dominance by diatoms. This evidpaitgs
toward fertilization of this normally iron limiteaegion by ash, a relatively new mechanism propdéselon
supply to the ocean. The observations do not stipioer possible mechanisms. Extrapolation of 8©p data
to the area of the bloom suggests a mod@sd1 Pg carbon export from this event, implying #angen large scale
iron fertilization at an optimum time of year istnery efficient at sequestering atmospheric CO2.
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Ten years of pH measurements (1990 to 1999) isuhface waters of the eutrophic Mariager Fjordpmark,
revealed profound seasonal variation. Typically,vpds$ relatively constant around 8 from January sod¥d,
increased during spring, reached maximum levelsiipto August (9 to 9.7), and declined during auiuo
about 8 in October. The influence of pH on the dglomate of phytoplankton was tested on 3 speclesafium
lineatum, Heterocapsa triquetra andProrocentrum minimum) in laboratory experiments. The growth rate was
highest at pH 7.5 to 8.0 in all species. The grawth ofC. lineatum declined by ~20% at pH 8.3 to 8.5, while a
similar reduction in the growth rate lh triquetra andP. minimum was observed at pH 8.8 to 8Q.lineatum
stopped growing above pH 8.8, while growth ceasedbaut pH 9.45 itd. triquetra and 9.6 irP. minimum.
Compilation of literature data on pH and phytoplankgrowth suggested that while some species caroot at




pH 8.4, others are able to grow up to pH 10. Howawene of the species studied can attain theirimmax
growth rate above pH 9. Competition experimentagiai mixtureof C. lineatum, H. triquetra andP. minimum
always resulted in the species with the highestgi¢tance P. minimum) outcompeting the other species,
irrespective of the initial pH value. The role afn pH in the succession of marine phytoplanktonature is
discussed.
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Paleoclimate data show that climate sensitivitydsC for doubled CO2, including only fast feedbackcesses.
Equilibrium sensitivity, including slower surfacbhedo feedbacks, is ~6°C for doubled CO2 for thngeaof
climate states between glacial conditions andriee-Antarctica. Decreasing CO2 was the main cauge o
cooling trend that began 50 million years ago,lamet being nearly ice-free until CO2 fell to 46Q00 ppm;
barring prompt policy changes, that critical lewdl be passed, in the opposite direction, withetaddes. If
humanity wishes to preserve a planet similar to dnawhich civilization developed and to which |de Earth is
adapted, paleoclimate evidence and ongoing clictzaage suggest that CO2 will need to be reduced it
current 385 ppm to at most 350 ppm, but likely ks that. The largest uncertainty in the targeta from
possible changes of non-CO2 forcings. An initiad gpm CO2 target may be achievable by phasingaaltuse
except where CO2 is captured and adopting agri@lland forestry practices that sequester carlhohe Ipresent
overshoot of this target CO2 is not brief, thera jgssibility of seeding irreversible catastropiffects.
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The feasibility of enhancing the absorption of @@m the atmosphere by adding calcium carbonad(Q)
powder to the ocean and of partially reversingatidification of the ocean and the decrease intealc
supersaturation resulting from the absorption dfilcpogenic CQis investigated. CaC{ould be added to the
surface layer in regions where the depth of thentaty between supersaturated and unsaturated izwater
relatively shallow (250-500 m) and where the upweglizelocity is large (30—-300 m a—1). The CaGuld
dissolve within a few 100 m depth below the sataraborizon, and the dissolution products wouldceetiie
mixed layer within a few years to decades, fatitimfurther absorption of Crom the atmosphere. This
absorption of C@would largely offset the increase in mixed layklrgnd carbonate supersaturation resulting
from the upwelling of dissolved limestone powdeowgver, if done on a large scale, the reduction in
atmospheric C@due to absorption of Gy the ocean would reduce the amount of €@t needs to be
absorbed by the mixed layer, thereby allowing gdanet increase in pH and in supersaturationanélgions
receiving CaC@ At the same time, the reduction in atmospheri©p@ould cause outgassing of £@m
ocean regions not subject to addition of CgQGRereby increasing the pH and supersaturatidindse regions as
well. Geographically optimal application of 4 billi t of CaCO3 a-1 (0.48 Gt C a—-1) could induce giigmn of
atmospheric C@at a rate of 600 Mt C{a—1 after 50 years, 900 Mt G@-1 after 100 years, and 1050 Mt O
a-1 after 200 years.
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Anthropogenic greenhouse gas emissions are wairtiméenglobal climate at an unprecedented rate. fizgni
emission reductions will be required soon to avidpid temperature rise. As a potential interinasoge to
avoid extreme temperature increase, it has beagestey that Earth’s albedo be increased by adilfjci
enhancing stratospheric sulfate aerosols. We @& ahemistry climate model, fed by aerosol sizéritstions
from a zonal mean aerosol model, to simulate cantis injection of 1-10 Mt/a into the lower tropical
stratosphere. In contrast to the case for all pres/ivork, the particles are predicted to grow ktgdasizes than
are observed after volcanic eruptions. The reastimei continuous supply of sulfuric acid and heneshly




formed small aerosol particles, which enhance dhmé#tion of large aerosol particles by coagulatiod, to a
lesser extent, by condensation. Owing to theirdasige, these particles have a reduced albedddfarore, their
sedimentation results in a non-linear relationdl@jween stratospheric aerosol burden and anneakion,
leading to a reduction of the targeted cooling. dionportantly, the sedimenting particles heat thpital cold
point tropopause and, hence, the stratospherig gmixing ratio of H2O increases. Therefore, georegiing by
means of sulfate aerosols is predicted to accel¢nathydroxyl catalyzed ozone destruction cyciesaause a
significant depletion of the ozone layer even thofigure halogen concentrations will be signifidgméduced.
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Marine ecosystems are centrally important to ibéogy of the planet, yet a comprehensive undedstegof how
anthropogenic climate change is affecting themidess poorly developed. Recent studies indicater madly
rising greenhouse gas concentrations are driviegrmsystems toward conditions not seen for millafngears,
with an associated risk of fundamental and irrélérscological transformation. The impacts of anplogenic
climate change so far include decreased ocean gireiy, altered food web dynamics, reduced abucdanf
habitat-forming species, shifting species distiiimg, and a greater incidence of disease. Althohgte is
considerable uncertainty about the spatial and ¢eahletails, climate change is clearly and fundatadéy
altering ocean ecosystems. Further change williwoatto create enormous challenges and costs ¢etEs
worldwide, particularly those in developing couesti
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Geoengineering describes activities specificallyf daliberately designed to effect a change in thbal climate
with the aim of minimising or reversing anthropogefthat is human caused) climate change. Geoeagite
covers many techniques and technologies but $pldgwo broad categories: those that remove cadimxide
from the atmosphere such as sequestering and {pchirbon dioxide in geological formations; and thtsat
reflect solar radiation. Techniques in this catggnclude the injection of sulphate aerosols i@ $tratosphere
to mimic the cooling effect caused by large volcamuptions.
The technologies and techniques vary so much thategyulatory framework for geoengineering canret b
uniform. Instead, those techniques, particularipoa removal, that are closely related to famigigisting
technologies, could be regulated by developingrttexnational regulation of the existing regimegt@ompass
geoengineering. For other technologies, espeaallyr refection, new regulatory arrangements vellénto be
developed.
There are three reasons why, we believe, regulétinoaeded. First, in the future some geoengingeechniques
may allow a single country unilaterally to affelecetclimate. Second, some—albeit very small
scale—geoengineering testing is already underwhiydTwe may need geoengineering as a “Plan Bhithe
event of the failure of “Plan A"—the reduction afegnhouse gases—we are faced with highly disruptineate
change. If we start work now it will provide thepmptunity to explore fully the technological, eraiimental,
political and regulatory issues.
We are not calling for an international treaty fmutthe groundwork for regulatory arrangementsdgib.
Geoengineering techniques should be graded witkideration to factors such as trans-boundary effieet
dispersal of potentially hazardous materials indheironment and the direct effect on ecosysterns. T
regulatory regimes for geoengineering should treetabored accordingly. The controls should be basea set
of principles that command widespread agreement-example, the disclosure of geoengineering researdh



open publication of results and the developmemgekrnance arrangements before the deployment of
geoengineering techniques. The UN is the route lighy eventually, we envisage the regulatory frawmw
operating but first the UK and other governmenisdni® push geoengineering up the internationaldeend get
processes moving. This inquiry was innovative it tie worked collaboratively with the US House of
Representatives Science and Technology Commitiedirst international joint working of this kindifa House
of Commons select committee. We found the expegieoastructive and rewarding and, we hope, suadessf
We are enthusiastic supporters of collaborativekimgrbetween national legislatures on topics such a
geoengineering with international reach. Our Repovering the regulation of geoengineering will ndewetail
into a wider inquiry that the House of Represem&stiCommittee is carrying out on geoengineeringre,
technology and engineering are key to solving dlehallenges and we commend to our successor caeamit
international collaboration as an innovative wayneet these challenges
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Capturing carbon dioxide from the atmosphere ature”) in an industrial process has been prapasen
option for stabilizing global C&concentrations. Published analyses suggest tivesapéure systems may cost a
few hundred dollars per tonne of g@aking it cost competitive with mainstream Q@itigation options like
renewable energy, nuclear power, and carbon diaagéure and storage from large £#nitting point sources.
We investigate the thermodynamic efficiencies ahowmercial separation systems as well as trace gasvied
systems to better understand and constrain thgyneguirements and costs of these air capturemsgstOur
empirical analyses of operating commercial procesaggest that the energetic and financial costajatiiring
CO, from the air are likely to have been underestichaBpecifically, our analysis of existing gas satian
systems suggests that, unless air capture sigmilfycautperforms these systems, it is likely touieg more than
400 kJ of work per mole of GQrequiring it to be powered by G@eutral power sources in order to be,CO
negative. We estimate that total system costs airacapture system will be on the order of $1,p60tonne of
CO,, based on experience with as-built large-scatetgas removal systems.
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We describe an approach to £&@pture and storage from the atmosphere that iss@wnhancing the solubility
of CO, in the ocean by a process equivalent to the natiliate weathering reaction. HCl is electrocheatly
removed from the ocean and neutralized throughiceawith silicate rocks. The increase in ocearaktiity
resulting from the removal of HCI causes atmosgh€(, to dissolve into the ocean where it will be stored
primarily as HCQ@- without further acidifying the ocean. On timessabf hundreds of years or longer, some of
the additional alkalinity will likely lead to preaitation or enhanced preservation of CaQ®sulting in the
permanent storage of the associated carbon, andttira of an equal amount of carbon to the atmesph
Whereas the natural silicate weathering procesfiested primarily by carbonic acid, the enginegueatess
accelerates the weathering kinetics to industads by replacing this weak acid with HCI. In thermodynamic
limit--and with the appropriate silicate rocks--thverall reaction is spontaneous. A range of efficy scenarios
indicates that the process should require 100-408f kvork per mol of C@captured and stored for relevant
timescales. The process can be powered from stlaattirgy sources too remote to be useful for trextiheeds
of population centers. It may also be useful oagianal scale for protection of coral reefs fromttar ocean
acidification. Application of this technology maylve neutralizing the alkaline solution that egpooduced
with HCI with CO, from a point source or from the atmosphere padrding returned to the ocean.
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Stabilizing the concentration of atmospheric CQ{2y require storing enormous quantities of capture
anthropogenic CO(2) in near-permanent geologiavess. Because of the subsurface temperaturelraffi
terrestrial storage sites, CO(2) stored in thesermwirs is buoyant. As a result, a portion ofitljected CO(2)
can escape if the reservoir is not appropriatedyesk We show that injecting CO(2) into deep-sensents
below [corrected] 3,000-m water depth and a fewdne meters of sediment provides permanent geologic
storage even with large geomechanical perturbatisthe high pressures and low temperatures conimon




deep-sea sediments, CO(2) resides in its liquid@had can be denser than the overlying pore ttaigsing the
injected CO(2) to be gravitationally stable. Addlitally, CO(2) hydrate formation will impede thevilof
CO(2)(l) and serve as a second cap on the systeenevolution of the CO(2) plume is described gatlely
from the injection to the formation of CO(2) hydratand finally to the dilution of the CO(2)(aq)wan by
diffusion. If calcareous sediments are chosen, themlissolution of carbonate host rock by the G@®
solution will slightly increase porosity, which maguse large increases in permeability. Karst faona
however, is unlikely because total dissolutionirigted to only a few percent of the rock volumegTibtal CO(2)
storage capacity within the 200-mile economic zohine U.S. coastline is enormous, capable of regori
thousands of years of current U.S. CO(2) emissions.
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It has been proposed that changes in global aifmate been responsible for episodes of widesptiebahce
and even the collapse of civilizations. Yet pregiatudies have not shown that violence can béatéd to the
global climate, only that random weather eventshinip correlated with conflict in some cases. Hegadirectly
associate planetary-scale climate changes withagjmdtterns of civil conflict by examining the darant
interannual mode of the modern climate, the El Mdothern Oscillation (ENSO). Historians have adjtat
ENSO may have driven global patterns of civil cmtfin the distant past, a hypothesis that we ekterthe
modern era and test quantitatively. Using data ft@%®0 to 2004, we show that the probability of reawil
conflicts arising throughout the tropics doublesimy El Nifio years relative to La Nifia years. Thasult, which
indicates that ENSO may have had a role in 21%l af\al conflicts since 1950, is the first demoregion that
the stability of modern societies relates stronglthe global climate.
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Since air-water and water-air interfaces are dguefractive, cloud droplets and microbubbles dised in
bodies of water reflect sunlight in much the sanag .\ he lifetime of sunlight-reflecting microbubbsleand
hence the scale on which they may be applied, dspem Stokes Law and the influence of ambient dedd
surfactants. Small bubbles backscatter light méieently than large ones, opening the possibitifyusing
highly dilute micron-radius hydrosols to substdhtibrighten surface waters. Such microbubblesruaticeably
increase water surface reflectivity, even at voldraetions of parts per million and such loadings be created
at an energy cost as low as J m-2 to initiate aitiduaitts m-2 to sustain. Increasing water albedohis way can
reduce solar energy absorption by as much as 1692)potentially reducing equilibrium temperatuoés
standing water bodies by several Kelvins. Whilesels injected into the stratosphere tend to alierate
globally, hydrosols can be used to modulate surddtoedo, locally and reversibly, without risk ofgdading the
ozone layer or altering the color of the sky. Téw Energy cost of microbubbles suggests a new appro solar
radiation management in water conservation andrggoeering: Don’t dim the Sun; Brighten the water.
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Many atmospheric constituents besides carbon @ O(2)) contribute to global warming, and ic@nmon to
compare their influence on climate in terms of a#ige forcing, which measures their impact on tlametary
energy budget. A number of recent studies have slibat many radiatively active constituents alseeha
important impacts on the physiological functionofgecosystems, and thus the 'ecosystem serviegs' th
humankind relies upon. CO(2) increases have mosgmly increased river runoff and had generallyitipes
impacts on plant growth where nutrients are noritilig, whereas increases in near-surface ozone)@(8 very
detrimental to plant productivity. Atmospheric asols increase the fraction of surface diffuse ligWtich is
beneficial for plant growth. To illustrate theséaliences, we present the impact on net primargdyctvity and
runoff of higher CO(2), higher near-surface O(3) éower sulphate aerosols, and for equivalent gbaun
radiative forcing. We compare this with the impattlimate change alone, arising, for example, feom
physiologically inactive gas such as methane (CH&)r equivalent levels of change in radiativeciiog, we
show that the combined climate and physiologicaldnts of these individual agents vary markedlyiargbme
cases actually differ in sign. This study highlgttie need to develop more informative metrichefinpact of




changing atmospheric constituents that go beyanglsiradiative forcing.
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Solar radiation management (SRM) geoengineerisgokan proposed as one means of helping avoid the
occurrence of dangerous climate change and unfésstate transitions (‘tipping points’) in the Basystem.
The irreversible melting of the Greenland Ice Shatcase in point—a state transition that coaltloas a
result of CO2-driven elevated global temperatuaes, one leading to potentially catastrophic seatlgse.
SRMschemes such as the creation of a ‘sunshadigection of sulfate aerosols into the stratosploendd
reduce incoming solar radiation, and in theory bad¢ain a global mean, the greenhouse warmingtnegudfom
elevated concentrations of CO2 in the atmosphesidus work has highlighted that a geoengineereddwy
would have: warming towards the poles, coolinghmtropics, and a reduction in the global hydratabcycle,
which may have important implications for the Glaed Ice Sheet. Using a fully coupled global clienatodel
in conjunction with an ice sheet model, we asdessdnsequences for the mass balance of the Gnedoka
Sheet of the reorganization of climate patternthlieycombination of high CO2 and geoengineering f\itethat
Greenland surface temperature and precipitatiomafies, compared to the pre-industrial situati@crdase
almost linearly with increasing levels of SRM gegieeering, but that these combine to create a ighl
non-linear response of the ice sheet. The subatanélting of the Greenland Ice Sheet predicteddar times
pre-industrial CO2 levels is prevented in our maosigh only a partial application of SRM, and hemgéhout
having to fully restore the global average tempeeaback to pre-industrial levels. This suggesas tihe degree
of SRM geoengineering required to mitigate the wionpacts of greenhouse warming, such as seadlises!
need not be as extensive as generally assumed.
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Long-term carbon capture and storage (CCS) intlyrconsidered a viable strategy for mitigatirsing levels
of atmospheric CO(2) and associated impacts ofaglcbmate change. Until recently, the significant
below-ground CCS capacity of coastal vegetatio siscseagrasses, salt marshes, and mangrovesdedg la
gone unrecognized in models of global carbon teangfowever, this reservoir of natural, free, anstainable
carbon storage potential is increasingly jeopaditzgalarming trends in coastal habitat loss, liotaB0-50% of
global abundance over the last century alone. Huntarvention to restore lost habitats is a posdiytpowerful
solution to improve natural rates of global CC3,data suggest this approach is unlikely to sulistin
improve long-term CCS unless current restoratidoref are increased to an industrial scale. Fatloigo so
raises the question of whether resources curres#y for expensive and time-consuming restoratiojegts
would be more wisely invested in arresting furthabitat loss and encouraging natural recovery.
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Solar Radiation Management (SRM) Geoengineering anaeliorate many consequences of global warming bu
also has the potential to drive regional climateiside the envelope of greenhouse-gas induced wgrmi
creating ‘novel’ conditions, and could affect ppgtation in some regions disproportionably. Heisng a fully
coupled climate model we explore some new methailedofor assessing regional disparities in geoamging
impacts. Taking a 4 x GQlimate and an idealized ‘sunshade’ SRM strategyconsider different fractions of
the maximum theoretical, 4 x G@ancelling global mean cooling. Whilst regionadgtictions in particularly
relatively low resolution global climate models rnbe treated with caution, our simulations indidhtat it might
be possible to identify a level of SRM geoenginagigapable of meeting multiple targets, such asitaiging a
stable mass balance of the Greenland ice sheetomtidg global climate, but without reducing global
precipitation below pre-industrial or exposing sigant fractions of the Earth to ‘novel’ climatemditions.
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Biodiversity is rapidly declining worldwidel, atigere is consensus that this can decrease ecosfgstetioning
and services. It remains unclear, though, whetheBfor many9 of the species in an ecosystem adedde
sustain the provisioning of ecosystem servicdsastbeen hypothesized that most species would peomo
ecosystem services if many times, places, functiolsenvironmental changes were considered9; howeve
previous study has considered all of these fattmsther. Here we show that 84% of the 147 gradgstant
species studied in 17 biodiversity experiments primah ecosystem functioning at least once. Diffespeicies
promoted ecosystem functioning during differentrgeat different places, for different functionslamder
different environmental change scenarios. Furthegntbe species needed to provide one functiomduri
multiple years were not the same as those neededvale multiple functions within one year. Ousués
indicate that even more species will be neededdaiotain ecosystem functioning and services thavigusly
suggested by studies that have either (1) considerly the number of species needed to promotdoration
under one set of environmental conditions, or €esately considered the importance of biodiverfsity
providing ecosystem functioning across multiplergeplaces, functions or environmental change stEna
Therefore, although species may appear functiomatlyndant when one function is considered underseh of
environmental conditions, many species are neeglgthintain multiple functions at multiple times gpldces in
a changing world.
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Significant amounts of carbon and nutrients aleased to the atmosphere due to large fires irsfere
Characterization of the spatial distribution anaperal variation of the intense fire emissionsrisc@l for
assessing the atmospheric loadings of aerosolsacelgases. This paper discusses issues of tresegpation of
forest fires in the estimation of emissions andapglication to an atmospheric chemistry transpartdel (CTM).



The potential contribution of forest fires to thepdsition of soluble iron (Fe) into the ocean ghiighted, with a
focus on mega fires in eastern Siberia. Satelfibelycts of burned area, active fire, and land caverused to
estimate biomass burning emissions in conjunctiith &biogeochemical model. Satellite-derived plureght
from MISR is used for the injection height of bdrimest fire emissions. This methodology is applie quantify
fire emission rates in each three-dimensional lgigdtion in the high latitude Northern Hemisphere30° N
latitude) over a 5-year period from 2001 to 2008efE is large interannual variation in forest bdragea during
2001-2005 (13-51 x 103 km2 yr-1) which results toaresponding variation in the annual emissionsaolhon
monoxide (CO) (12-78 Tg CO yr-1). Satellite obséores of CO from MOPITT are used to evaluate tha@eho
performance in simulating the spatial distributaord temporal variation of the fire emissions. Dgrine major
Siberian fire seasons in the summer of 2002 anideirspring of 2003, the model results for CO enbarents
due to intense fires are in good agreement with MOBbservations. These fire emission rates ardiexpo the
aerosol chemistry transport model to examine tlaive importance of biomass burning sources diitsiel iron
compared to those from dust sources. Comparecttdubt sources without the atmospheric processiragiolic
species, extreme fire events contribute to a sanit deposition of soluble iron (10-60%) to downd/iregions
over the western North Pacific Ocean. It may inthit the supply of nutrients from large forestdiptays a role
as a negative biosphere-climate feedback with dsgarthe ocean fertilization.
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Carbon sequestration strategies highlight treetateons without considering their full environmaint
consequences. We combined field research, synthiesisre than 600 observations, and climate and@oi
modeling to document substantial losses in stréaw find increased soil salinization and acidifmat with
afforestation. Plantations decreased stream flo@2¥ymillimeters per year globally (52%), with 13ffsstreams
drying completely for at least 1 year. Regional elody of U.S. plantation scenarios suggests thiatate
feedbacks are unlikely to offset such water lossescould exacerbate them. Plantations can helpaton
groundwater recharge and upwelling but reduce stfeawv and salinize and acidify some soils.
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The environmental and biotic history of the latega@@rnary represents a critical junction betweerogy, global
change studies, and pre-Quaternary paleobiologg. Qaaternary records indicate the modes and meshsuof
environmental variation and biotic responses ags$icales of 101-104 years. Climatic changes ofdtiee |
Quaternary have occurred continuously across a maitige of temporal scales, with the magnitude ahge
generally increasing with time span. Responsesroéstrial plant populations have ranged from toiee in situ
to moderate shifts in habitat to migration andidiretion, depending on magnitudes and rates oirenmental
change. Species assemblages have been disaggragdtextombined, forming a changing array of vegeta
patterns on the landscape. These patterns of claagdaracteristic of terrestrial plants and afgrbat may not
be representative of all other life-forms or hatsit€omplexity of response, particularly extenspécies
recombination, depends in part on the nature ofitfikerlying environmental gradients and how thegngje
through time. Environmental gradients in certaihiteds may change in relatively simple fashiomwlhg
long-term persistence of species associations @aithE patterns. Consideration of late Quaternématic
changes indicates that both the rate and magnéfidématic changes anticipated for the coming uentire
unprecedented, presenting unique challenges toiokee of the planet.
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Using numerical simulations, we quantify the impafochanges in the ocean’s biological pump ondinsea
balance of CO2 by fertilizing a small surface pdtcthe high-nutrient, low-chlorophyll region ofdeleastern
tropical Pacific with iron. Decade-long fertilizati experiments are conducted in a basin-scale -péidyitting



coupled physical/biogeochemical/ecological modekdntrast to previous studies, we find that mbshe
dissolved inorganic car- bon (DIC) removed from ¢lghotic zone by the enhanced biological expoeptaced
by uptake of CO2 from the atmosphere. Atmosphepteke efficiencies, the ratio of the perturbatiorair-sea
CO2 flux to the perturbation in export flux acrd€¥) m, integrated over 10 years, are 0.75 to :\@&ii patch
size-scale experiments. The atmospheric uptakeieaifiy is insensitive to the duration of the expemt. The
primary factor controlling the atmospheric uptakeceency is the vertical distribution of the enlwzal biological
production and export. Iron fertilization at thefage tends to induce production anomalies primawdar the
surface, leading to high efficiencies. In contraschanisms that in- duce deep production anom@igsaltered
light availability) tend to have a low uptake eiincy, since most of the removed DIC is replacethisral and
vertical transport and mixing. Despite high atmasphuptake efficiencies, patch- scale iron fezéition of the
ocean’s biological pump tends to remove little (t@2n the atmosphere over the decadal timescalddenes
here.
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The pH of the surface ocean is changing as atresuicreases in atmospheric carbon dioxide (CR&)d there
are concerns about potential impacts of lower ptHassociated alterations in seawater carbonateistrgmon
the biogeochemical processes in the ocean. Howgveimportant to place these changes withindietext of
pH in the present-day ocean, which is not constawdries systematically with season, depth andal
productivity gradients. Yet this natural varialyilin pH has rarely been considered in assessméttie effect of
ocean acidification on marine microbes. Surfacecphl change as a consequence of microbial utilizatial
production of carbon dioxide, and to a lesser ebxaémer microbially mediated processes such asicétion.
Useful comparisons can be made with microbes iarahuatic environments that readily accommodatg ve
large and rapid pH change. For example, in marshfsater lakes, pH changes that are orders of matmit
greater than those projected for the twenty secentury oceans can occur over periods of hoursindand
freshwater assemblages have always experienceableapH conditions. Therefore, an appropriate null
hypothesis may be, until evidence is obtained ¢octintrary, that major biogeochemical processésdmceans
other than calcification will not be fundamentadiyferent under future higher CO(2)/lower pH coratis.
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There have been suggestions that an increase productivity of the ocean would store more carinatie
ocean organic carbon cycle, as well as enhancimgitiher trophic levels of the marine food web.g@sals have
included fertilisation of regions low in one or reasf nitrogen, phosphorus or iron, the latter béerged a
micronutrient. Iron is available from mining, phbgpus from mining or artificially induced upwellingnd the
provision of nitrogen involves using either cyanctiesia, the Haber-Bosch process or artificiallyuioeld
upwelling. All these fertilisation methods can lfieetive in locally increasing new primary prodwetj but the
global impact varies because of iron scavenginggjend stealing or the role of regenerative primargduction.
Examination of these concepts leads to the comiusiat macronutrient nourishment supplied by the
Haber-Bosch process is an attractive approachHdwairsy climate change and increasing marine pradigt
The carbon storage capacity of nitrogen fertilmatppears to be limited by the supply of phosphtosupport
additional new primary production.
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We examine the climate impact of geoengineeriagwbp different methods, namely, stratospheric 8¥ttion
and increasing reflectivity of marine stratocumutiuds. Although both methods appear capablesiitiple,
of counteracting the global mean warming due togases in greenhouse gas concentrations, sigrtitbanges
in regional climate still result. The extent of¢hiegional climate change appears linked to thatioc and degree
of inhomogeneity of the radiative flux perturbasgomroduced by each geoengineering method.
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Theoretical potential geoengineering solutionth&global warming problem have recently been psedoHere,
we present an idealized study of the climate respdom deliberately seeding large-scale stratocusreiwd
decks in the North Pacific, South Pacific, and 8dttantic, thereby inducing cooling via aerosdliimect
effects. Atmosphere-only, atmosphere/mixed-layeaoc and fully coupled atmosphere/ocean versiottseof
Met Office Hadley Centre model are used to inveséidhe radiative forcing, climate efficacy, andioaal
response of temperature, precipitation, and netgmn productivity to such geoengineering. The ridiaforcing
simulations indicate that, for our parameterizatbaerosol indirect effects, up to 35% of the adige forcing
due to current levels of greenhouse gases coutdféet by stratocumulus modification. Equilibriummsilations
with the atmosphere/mixed-layer ocean model, whezath of the three stratocumulus sheets is mddifieurn,
reveal that the most efficient cooling per unitiadiste forcing occurs when the South Pacific sttataulus sheet
is modified. Transient coupled model simulationggast that geoengineering all three stratocumulkeessadelays
the simulated global warming by about 25 yearss€&lsmulations also indicate that, while some areas
experience increases in precipitation and net pyirmpeoductivity, sharp decreases are simulatedints
America, with particularly detrimental impacts dretAmazon rain forest. These results show thalevdome
areas benefit from geoengineering, there are signif areas where the response could be very dettahwith
implications for the practical applicability of dua scheme.
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We examine the response of the Met Office Hadlegt(@'s HadGEM2-AO climate model to simulated
geoengineering by continuous injection of,3@o the lower stratosphere, and compare the tewith those
from the Goddard Institute for Space Studies Mod&te HadGEM?2 simulations suggest that the Bf@ction
rate considered here (5 Tg[SO2] yr—1) could ddferamount of global warming predicted under the
Intergovernmental Panel on Climate Change’s AlBiade by approximately 30-35 years, although both
models indicate rapid warming if geoengineeringassustained. We find a broadly similar geographic
distribution of the response to geo engineeringatih models in terms of near-surface air tempeeadnd mean
June- August precipitation. The simulations alsggest that significant changes in regional climabelld be
experienced even if geoengineering was successfahintaining global-mean temperature near cunales
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Targets for stabilizing climate change are oftasddl on considerations of the impacts of diffelergls of global
warming, usually assessing the time of reachingriqular level of warming. However, some aspetthe
Earth system, such as global mean temperaturesdeaniével rise due to thermal expansion2 or tHengeof
large ice sheets3, continue to respond long dftestabilization of radiative forcing. Here we aseoupled
climate—vegetation model to show that in turn #reestrial biosphere shows significant inertiatgresponse to
climate change. We demonstrate that the globadgtial biosphere can continue to change for decafier
climate stabilization. We suggest that ecosysteansbe committed to long-term change long beforerasgonse
is observable: for example, we find that the riEkignificant loss of forest cover in Amazonia sgapidly for a
global mean temperature rise above 2 °C. We coadhat such committed ecosystem changes must be
considered in the definition of dangerous climdtaerge, and subsequent policy development to aioid i
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The magnitude of fluxes in the carbon cycle oftsaical and tropical marine habitats is determibhgdhe
supply of inorganic nutrients. These habitats Hawesea-surface concentrations of nitrate ¢Mdatter
production and export, and represent global ocdamma in carbon sequestration potential. The lowsNQO




phosphate —) and chlorophyll (dubbed LNLC regioga}tain relatively low rates of organic — resupgiipuld
select for nitrogen (N-fixing bacteria, termed diazotrophs, providedadler growth-limiting nutrients are
available. Several recent field efforts have basred at enhancing Nixation in LNLC regions through
mesoscale fertilization with iron and phosphorush@th) and we hypothesize herein that controllggealling of
nutrient-enriched deep water may also be effecBased on a quantitative assessment of the vedisibution
of NO; (PQ, that the process of controlled upwelling of low BI®-) and dissolved inorganic carbon (DIC) at
Station ALOHA (22°45' N, 158°W), we hypothesize ©4 3— seawater may lead to enhancedbtdtion,
organic matter production and net carbon sequéasirdturthermore, based on a long-term (20 yr) datdrom
Station ALOHA, we predict that the upwelling of wafrom a depth of 300 to 350 m during summer memiit
trigger a 2-stage phytoplankton bloom. The firagstwill be characterized by a NO3 quantitative;NO
-supported Redfield ratio (e.g. C106:N16:P by ajodiestom bloom. Following removal, the residual P84
from the low N:P (<16:1) upwelled nutrient pulsdlstimulate a N-fixing bacterial bloom, leading to net
sequestration of carbon. However, any strategiefitesf controlled upwelling for enhancing the letegm
carbon sequestration will depend on the spatiatemgoral uncoupling of organic matter productiod a
remineralization, which is ultimately controlled the microbial response to these perturbations.
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The possibility of offsetting greenhouse gas wagy introducing artificial aerosols into the stsphere to
increase the Earth's albedo has been widely disdubsit little attention has been given to theitietd its
implementation. It is usually assumed that the smsowould be sulfuric acid droplets (hydrated wulfioxide),
like natural volcanic aerosols. Other materials f@ynore advantageous, but sophisticated “engidéere
particles probably cannot be produced in sufficirntity. | consider a variety of possible injeativehicles.
Aircraft are unlikely to have sufficient lift capidity to the necessary altitudes, guns are inadfitj and exotic
methods like balloons and chimneys face dauntiffgdities. Simple rockets are proven and economégnad
can deliver material to any desired altitude. Aci#l injection begins at a much higher aerosolpi@cursor)
density than a volcanic plume, raising novel issafashemical kinetics and particle agglomeratioptdiled
experimental and theoretical investigation are ireguo establish the feasibility of stratosphergzosol
geoengineering. An appendix argues that naturaledisas anthropogenic, climate change may poskeciuygs
that could be met by these methods.

Kauppi, P.E. and Sedjo, R. (2001). TechnologicdlBoonomic Potential of Options to Enhance, Mamtand Manage
Biological Carbon Reservoirs and Geo-engineeridign&@e Change (Mitigation): 301-343
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Geoengineering is the intentional large-scale pdation of the environment, particularly manipidatthat is
intended to reduce undesired anthropogenic clict@age. The post-war rise of climate and weather
modification and the history of U.S. assessmenth@CO2-climate problem is reviewed. Proposalsnigineer
the climate are shown to be an integral elemettisthistory. Climate engineering is reviewed vathemphasis
on recent developments, including low-mass spase¢bacattering systems for altering the planetigda,
simulation of the climate’s response to albedo fiication, and new findings on iron fertilization ateanic
ecosystems. There is a continuum of human respongles climate problem that vary in resemblanclesial
geoengineering schemes such as space-based niinerdistinction between geoengineering and mitgas
therefore fuzzy.A definition is advanced that dlas the distinction between geoengineering andstrihl car-
bon management. Assessment of geoengineeringieswes under various framings including economiisk, r
politics, and environmental ethics. Finally, argumseare presented for the importance of explidiatie about
the implications of countervailing measures sucgeasengineering.
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Aerosols could be injected into the upper atmospleengineer the climate by scattering incidentight so as
to produce a cooling tendency that may mitigateigies posed by the accumulation of greenhousesgase
Analysis of climate engineering has focused oreselferosols. Here | examine the possibility thgireeered
nanoparticles could exploit photophoretic forcemtding more control over particle distribution difietime
than is possible with sulfates, perhaps allowingate engineering to be accomplished with fewee giffiects.
The use of electrostatic or magnetic materials kesadclass of photophoretic forces not found turea
Photophoretic levitation could loft particles abdkie stratosphere, reducing their capacity to feterwith ozone
chemistry; and, by increasing patrticle lifetimesyould reduce the need for continual replenishnoéthe
aerosol. Moreover, particles might be engineerattifopoleward enabling albedo modification tothdored to
counter polar warming while minimizing the impact @quatorial climates.
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It is physically possible to captureCO2 directigri the air and immobilize it in geological strues. Air capture
differs from conventional mitigation in three kespects. First, it removes emissions from any pattie
economy with equal ease or difficulty, so its qusivides an absolute cap on the cost of mitigats®tond, it
permits reduction in concentrations faster thamtterral carbon cycle: the effects of irreversipitire thus partly
alleviated. Third, because it is weakly couple@xasting energy infrastructure, air capture magofftronger
economies of scale and smaller adjustment coststtieamore conventional mitigation technologies. &¥gess
the ultimate physical limits on the amount of eyemgd land required for air capture and descrilegystems
that might achieve air capture at prices under&@D500 $/tC using current technology. Like geoeegiing, air
capture limits the cost of a worst-case climataade. In an optimal sequential decision framewawitk
uncertainty, existence of air capture decreasesdhd for near-term precautionary abatement. Ting-term
effect is the opposite; assuming that marginalscoktnitigation decrease with time while marginiahate
change damages increase, then air capture increagesin abatement. Air capture produces an enwiental
Kuznets curve, in which concentrations are retutogateindustrial levels.

Keith, D. W., E. Parson, et al. (2010). "Researntlglobal sun block needed now." Natdfi8: 426-427 DOI:
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Geoengineering studies of solar-radiation managesteould begin urgently, argue David W. Keith, BEdel
Parson and M. Granger Morgan — before a rogue deatigles to act alone. Summary <Field testinggsired to
understand the risks of solar-radiation manageif®RM) -Linked activities must create norms and
understanding for international governance of SRNSRM is unworkable, the sooner we know, the lessal
hazard it poses.
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Carbon dioxide (C¢) sequestration has been proposed as a key contgoriechnological portfolios for
managing anthropogenic climate change, since itpnayide a faster and cheaper route to significadtictions
in atmospheric COconcentrations than abating €@oduction. However, C{sequestration is not a perfect
substitute for C@abatement because €@ay leak back into the atmosphere (thus imposihgé climate
change impacts) and because,G€questration requires energy (thus producing @&and depleting fossil
fuel resources earlier). Here we use analyticalranderical models to assess the economic efficieh60,
sequestration and analyze the optimal timing atengxof CQ sequestration. The economic efficiency factor of
CO, sequestration can be expressed as the ratio ofdhginal net benefits of sequestering.@@d avoiding
CO, emissions. We derive an analytical solution fas #fficiency factor for a simplified case in whiale
account for CO2 leakage, discounting, the addititossil fuel requirement of C{sequestration, and the growth
rate of carbon taxes. In this analytical model,gbenomic efficiency of C&sequestration decreases as thg CO
tax growth rate, leakage rates and energy requitenier CQ sequestration increase. Increasing discount rates
increases the economic efficiency factor. In tingpde model, short-term sequestration methods, asch
afforestation, can even have negative economiciefities. We use a more realistic integrated-assegsmodel
to additionally account for potentially importarfteets such as learning-by-doing and socio-econdngitia on
optimal strategies. We measure the economic efitgi@f CQ sequestration by the ratio of the marginal cokts o




CO, sequestration and G@batement along optimal trajectories.We showtti@positive impacts of
investments in C@sequestration through the reduction of future matgCO, sequestration costs and the
alleviation of future inertia constraints can ially exceed the marginal sequestration costs. iksalt, the
economic efficiencies of C&equestration can exceed 100% and an optimaggyratill subsidize CQ
sequestration that is initially more expensive tG#&h abatement. The potential economic value of albéasind
acceptable C@sequestration technology is equivalent — in thepsetl utilitarian model — to a one-time
investment of several percent of present grossdamdduct. It is optimal in the chosen economiofeavork to
sequester substantial @Quantities into reservoirs with small or zero legd, given published estimates of
marginal costs and climate change impacts. ThenapiCG, trajectories in the case of sequestration froncair
approach the pre-industrial level, constitutingeyggineering. Our analysis is silent on importarggons (e.g.,
the effects of model and parametric uncertainty,gbtential learning about these uncertaintiesthucal
dimension of such geoengineering strategies), whesd to be addressed before our findings carahslated
into policy-relevant recommendations.
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One of the great realizations of the past halfaognin both biological and Earth sciences is thatughout
geologic time, life has been shaping the Earsarface and regulating the chemistry of its oseam atmosphere
(eg Berkner and Marshall 1964). In the present fagbcene Era (Crutzen and Steffen 2003; Ruddimas)20
humanity is directly shaping the biosphere and @ay&nvironment, triggering potentially devastgtamd
currently unpredictable consequences (Doney aniaret2007). While subtle interactions between thetlis
orbit, ocean circulation, and the biosphere havaidated climate feedbacks for eons, now human gEtions
to the cycles of C@ other trace gases, and aerosols regulate theopatimate change. Accompanying the
biogeochemical perturbations are the vast charegedting from biodiversity loss and a profound reaagement
of the biosphere due to species movements andiamgasScientists and managers of biological resirequire
a stronger basis for forecasting the consequerfcagch changes.
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Anthropogenic greenhouse gas emissions tend tm wa global climate. Countermeasures must be tizken
order to minimize the harm for humans and enviramiméarious geo-engineering ideas are currentlgutised
that might help in this respect, besides politicalhd socially difficult to achieve reductions ségnhouse gases.
Crutzen [2006] initiated a lively scientific dis@isn by proposing to consider enhancing stratospkatphate
aerosols. Sulphate aerosols may cool the Earthcily reflecting solar short wave radiation bacggace. A
part of the anthropogenic climate warming mightbmpensated by increasing the amount of sulphatsels
in the stratosphere, for example by sulphur inpgi The scientific community is challenged to agrsthie
guestion, whether we understand the involved psssesnough to predict all important consequencesdf a
geo-engineering project. In nature tremendous esgmant of stratospheric aerosol could be obserfted a
strong volcanic eruptions in the tropics. Mt. Pudat eruption in 1991 is the best observed eruptidhe past.
Up to 20 Mt of SO2 was blown to the stratosphedeatfBet al., 1992]. A cooling of about 1.5 °K onface was
attributed to Mt. Pinatubo eruption [Robock, 200@ aeferences herein]. We investigate to whichrextiee
effects on climate after Mt. Pinatubo eruption semg an analogue for the consequences of geo-enigigeWe
present modelling results of Mt. Pinatubo and aibgenic sulphur injections in the lower stratosphwith
AER 2D aerosol model [Weisenstein et al. 1997, 12985] and chemistry climate model SOCOL [Egoreta
al 2005, Schraner et al. 2008]. Even if the maial gihe cooling of the global mean temperaturesbeaachieved
by enhanced stratospheric aerosols, the possid#ecfiects are considerable [e.g. Trenberth an®D@ir,
Robock et al. 2008, Solomon 1999]. One possible sftect of such a geo-engineering fix might bevtlaeming
of the tropical tropopause and consequently theease of the amount of stratospheric water vagoscenario
with continuous SO2 injections into the lower gisgthere may provide conditions for efficient corsigion of
H2S04 onto pre-existing stratospheric aerosolschvBubsequently grow to large sizes and sedimémnthe
tropical tropopause region. The absorption of laage radiation by the aerosol increase tropopampédratures
rise and as a consequence the entry mixing ratieatdr vapour increases. However uncertaintieken t




modelling are remarkable. Uncertainties in tot#psur mass, particle size distribution and resgleffect on
optical properties after Mt. Pinatubo eruption phs uncertainties of aerosol and climate modedsugudto
uncertainties which should be taken as a warnimmgwB really want to jeopardize Earth future on shicjn
uncertainties?
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We present a preliminary analysis of a geoenging@ption based on the intentional increase ofnakalinity
to enhance marine storage of atmospherig. C{Re all geoengineering techniques to limit climahange, with
today's limited understanding of the climate systiis approach must be regarded as a potentgégtc option
that requires ongoing assessment to establislitnpal benefits and side effects. O@puld be absorbed from
the atmosphere by the oceans at an increased c&teain alkalinity were raised. Ocean alkalinitghtibe raised
by introducing the dissolution products of alkalmaerals into the oceans. The limited depositsatéirally
occurring soda ash (MaOs) are readily soluble and easily mined. Limesta@a@QQ) is abundant in the Earth's
crust but is not readily soluble. This analysislesgs the potential feasibility and limits of suabproaches.
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The present article by Crutzen (2006) on the disgbedo enhancement to address the problem of
greenhousewarming is bound to evoke diverse reactimong the community. It is important to notd tha
Crutzen argues that this idea be studied in dapdlopenly before any large scale action is takebagic
assumption to this approach is that we, humanserstahd the Earth system sufficiently to modifgnd ‘know’
how the system will respond. Cicerone in his agteigues that open discussion of these ideasdp@opriate
means to explore engineering solutions to climhsnge, and further proposes a protocol to prevewhiertent
abuse of geoengineering experiments. These payeke both scientific and ethical issues that shatildulate
discussions on the engineering of Earth’s climgstesn. We have already ‘chosen’ to geoengineeclauate
system through our use of fossil fuels, where tigireering of the climate system is an inadvengmnproduct of
our values around forms of consumption. Proposat®hsciously alter the climate system to treasimptom
of our behaviors imply we understand all of the ptexities of Earth as a system. At times Earthqrent a
stratospheric albedo enhancement experiment thriwggbruption of volcanoes. As pointed out by Geotzhe
Earth does cool due to this experiment, but thieement also provides ample evidence of the noatand
non-linear response of Earth’s climate system,weigter NH warming. This example exhibits how E&th
climate system is far more complex than a simp&rgnbalance picture. For this reason, | suppantzen’s
argument that more detailed and comprehensive rimgdstiudies be carried out with regards to expeamiseBut
my concern is that all models have their limitasida.g. note the inability of models to predict dppearance of
the Antarctic ozone hole before it was observed)ewill we know a model is ‘good enough’ to go antl
perform a real experiment? On the issue of ethieg] we would be taking on the ultimate statéolbris to
believe we can control Earth. We (the industridiveloped world) would essentially be telling thes( of the)
world not to worry about our insatiable use of gyein essence we are treating the symptom, natabse. Our
species needs to begin to address the cause(sghbbkiproblem. For example, an analysis of the U.S
contribution to C@emissions indicates that these emissions in piag rom three factors: the large number of
SUVs, the size of homes, and distance we driveaikw would argue that the first two of these tastare ones
of choice, and not necessity. Yet, the Americanipwhooses to buy SUVs and build large homes. Why?
seems that we need to address the fundamentaldésakie, before tinkering with a system that veendt
completely understand. | recognize that Crutzerop@sal comes from his deep concern for Earttsd al
recognize his concern arises from our speciestaeiue to address the cause(s) of our dilemma. fetl that
treating the cause(s) rather than the symptoneisnbre appropriate approach to the problem. Howesea
scientist, | also recognize the importance of esgilon of ideas, and that open dialogue and stfidyi®issue (as
proposed by Crutzen and seconded by Cicerone)immportant part of Earth studies. Let the dialogegin.
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In 1975, molecular biologists grappling with howualock the secrets of recombinant DNA without trea
infectious, runaway bioagents laid the groundwarkaf regulatory framework that allowed research—and



ultimately the biotech industry—to flourish. Laseéek, nearly 200 experts in geosciences and othartéic and
policy disciplines met in the same spot to confronmew kind of risky research: large-scale geoereging
projects aimed at countering the buildup of greeiskayases in the atmosphere. And although thetelima
scientists may have accomplished less in a weakdttbtheir biologist forebears, they did make pesg. The
conference organizers declared that geoenginemrsgarch is "indispensable” but said that it shbeldione
with "humility." Governments and the public showdrk together to decide what schemes are "viable,
appropriate, and ethical," the statement added i@ureenhouse emissions should be a priorisgid,
mirroring statements by the American Geophysicdbband the U.K. Royal Society.
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Preliminary findings presented at the annual megedi the American Association for the Advancenant
Science (the publisher of Science) suggest thae spoposed techniques to cool the planet manually mave
fewer barriers than previously thought. But marghtécal and societal barriers remain, and the enuiental
effects of planet-hacking techniques remain ungerta
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Geoengineering is a proposed action to manip&atth's climate in order to counteract global waigrfrom
anthropogenic greenhouse gas emissions. We inaistige potential of a specific geoengineeringriepke,
carbon sequestration by artificially enhanced aioveathering via the dissolution of olivine. Tapproach
would not only operate against rising temperatbrgsvould also oppose ocean acidification, bec#use
influences the global climate via the carbon cykflanportant details of the marine chemistry alken into
consideration, a new mass ratio of CO(2) sequéstraer olivine dissolution of about 1 is achiev2d% smaller
than previously assumed. We calculate that thiscgmh has the potential to sequestrate up to I Bgoer year
directly, if olivine is distributed as fine powdever land areas of the humid tropics, but this imti&nited by the
saturation concentration of silicic acid. In oufcc#ations for the Amazon and Congo river catchregat
maximum annual dissolution of 1.8 and 0.4 Pg ofioé seems possible, corresponding to the seqtiestiat
0.5 and 0.1 Pg of C per year, but these upper $ieguestration rates come at the environmentabégdt values
in the rivers rising to 8.2. Open water dissolutidrine-grained olivine and an enhancement oftiiaéogical
pump by the rising riverine input of silicic acidght increase our estimate of the carbon sequistrdtut
additional research is needed here. We finallyutate with a carbon cycle model the consequences of
sequestration rates of 1-5 Pg of C per year foltlst century by this technique.
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Although northern peatlands cover only 3% of #redl surface, their thick peat deposits containsimated
one-third of the world's soil organic carbon (SO@)der a changing climate the potential of peatand
continue sequestering carbon is unknown. This pamEsents an analysis of 6 years of total carbtanba of an
almost intact Atlantic blanket bog in Glencar, Cuikerry, Ireland. The three components of the mes=s
carbon balance were: the land-atmosphere fluxearton dioxide (C¢) and methane (CHiand the flux of
dissolved organic carbon (DOC) exported in a strdeaimning the peatland. The 6 years C balance wampated
from 6 years (2003—-2008) of measurements of melegioal and eddy-covariance CO2 fluxes, periodiarober
measurements of CH4 fluxes over 3.5 years, and&y# continuous DOC flux measurements. Over the 6
years, the mean annual carbon was —29.7+30.6 (3Ig$Dm-2 yr-1 with its components as follows: carlin
CO, was a sink 0f-47.84+30.0 g C m—2 yr—1; carbon in CH4 was a source of 4.1+0.5 g C m—2 yr—1 and the
carbon exported as stream DOC was a source of 14.@+C m—2 yr—1. For 2 out of the 6 years, the sias a
source of carbon with the sum of C&hd DOC flux exceeding the carbon sequesteredDasT@e average C
balance for the 6 years corresponds to an averageahgrowth rate of the peatland surface of 1.3ynmi.




Kravitz, B., A. Robock, et al. (2011). "The Geoaragring Model Intercomparison Project (GeoMIP).imaspheric

Science Letter§2: 162-167 DOI: 10.1002/asl.316

Available at: http://onlinelibrary.wiley.com/doi/10.1002/as| @abstract
To evaluate the effects of stratospheric geoerging with sulphate aerosols, we propose stanaaoihi
scenarios to be applied to multiple climate motielsompare their results and determine the robastaktheir
responses. Thus far, different modeling groups lisee different forcing scenarios for both globalming and
geoengineering, complicating the comparison oflteswe recommend four experiments to explore #terd to
which geoengineering might offset climate changgguted in some of the Climate Model Intercompariso
Project 5 experiments. These experiments focusratospheric aerosols, but future experiments utider
framework may focus on different means of geoereging.
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We used a general circulation model of Earthte&ie to conduct geoengineering experiments invglvin
stratospheric injection of sulfur dioxide and azaky the resulting deposition of sulfate. When sulfoxide is
injected into the tropical or Arctic stratosphetes main additional surface deposition of sulfateuns in
midlatitude bands, because of strong cross-tropsmpHux in the jet stream regions. We used criticatl studies
to determine the effects of this increase in seltiposition on terrestrial ecosystems by assuthegpper limit
of hydration of all sulfate aerosols into sulfusiid. For annual injection of 5 Tg of SO2 into thapical
stratosphere or 3 Tg of SO2 into the Arctic strab@se, neither the maximum point value of sulfapasition of
approximately 1.5 mEq m-2 a—1 nor the largest audit deposition that would result from geoengiivegeof
approximately 0.05 mEq m-2 a—-1 is enough to neghtivnpact most ecosystems.
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Ocean acidification is a pervasive stressor thatccaffect many marine organisms and cause prafoun
ecological shifts. A variety of biological resposge ocean acidification have been measured aarcmsge of
taxa, but this information exists as case studielstes not been synthesized into meaningful cospasi
amongst response variables and functional grougsus®d meta-analytic techniques to explore theicél
responses to ocean acidification, and found negafifects on survival, calcification, growth angneduction.
However, there was significant variation in thessevity of marine organisms. Calcifying organisgenerally
exhibited larger negative responses than non-gaigiforganisms across numerous response variatikbsthe
exception of crustaceans, which calcify but werenegatively affected. Calcification responseseadgri
significantly amongst organisms using different enal forms of calcium carbonate. Organisms usirgafthe
more soluble forms of calcium carbonate (high-magma calcite) can be more resilient to ocean acatibn
than less soluble forms (calcite and aragoniteflithmhally, there was variation in the sensitivitief different
developmental stages, but this variation was degr@nzh the taxonomic group. Our analyses suggasttib
biological effects of ocean acidification are getigriarge and negative, but the variation in seévigy amongst
organisms has important implications for ecosystesponses.
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In the report 2001 by the Intergovernmental PaneClimate Change (IPCC) projects that climate douhrm by
as much as 10° F over the next 100 years and e&dgllobserved a warming of about 1° F since 190€xefore,
how to mitigate the greenhouse gas effect is a mepprtant issue since it affects everyone alive aot born.
This paper mainly discusses the impacts of greesehgas emission that affects people the most.péier
mainly discusses the following questions: 1) wiaatdrs lead to the greenhouse gas effect? 2) Howyalysis
become a potential source to mitigate the greerghgas effect and what are the choices we may Haywabysis,
as another bioenergy alternative, helps climataghanitigation while it also produces biochar fiivets carbon
as a more stable form that has additional valuewepplied in agricultural land. GHGs come from tise of
fossil fuel (CO2), nitrogen fertilizer applicatigN20), and livestock enteric fermentation (NH4) avelneed to
find some strategies to reduce the emissions of &$i@h as crop fertilization alteration, crop giaalteration,
livestock management, manure management and bjafoéuction. Since CO2 play the most important nole




the GHG effects, the goal of this paper is to fimel alternative energy to help mitigate the GH@&¥ by
reducing the amount of CO2 emissions. The forestesa candidate because it has the function bboasink
and is able to produce energy biomass. Foresiy dezah good job that reduce the amount of COhendir,
however, since the carbon value and interest rétaffect the optimal rotation length, it becomascertain
whether or not the forest will be able to providgtable input for energy production
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Carbon capture and storage (or sequestratiorr&ving increasing attention as one tool for r@aycarbon
dioxide concentrations in the atmosphere. In hisgetive, Lackner discusses the advantages aadvdistages
of different methods of carbon sequestration. Hesad against sequestration in environmentallyeactarbon
pools such as the oceans, because it may merdb/ drse environmental problem for another. Better
sequestration options include underground injectiosh (possibly underground) neutralization. Takirtg
account carbon capture, transport, and storagauti®r concludes that in the short and medium,term
sequestration would almost certainly be cheaper #hfaill transition to nuclear, wind, or solar eger

Lal, R. (2010). "Beyond Copenhagen: mitigating eliexchange and achieving food security throughcsobion

sequestration.” Food Secury169-177 DOI: 10.1007/s12571-010-0060-9

Open Access Article* Availableat: http://www.springerlink.com/index/10.1007/s12571080060-9
This article explains the technical potential ofo@rbon) sequestration in world soils for mitiggtclimate
change and describes its positive impacts on agnanproductivity and global food security througdiet
improvement of soil quality. It also supports tdea of economic development through the provisigmagments
to farmers in developing countries for their stedgiip and enhancement of ecosystem services. Waasd be
generated by their use of recommended managemetiqars for improved agriculture. The technicakpdigl of
C sequestration in soils of terrestrial ecosystantsrestoration of peat soils+8 Petagram (Pg) Clyr (i.e.
3x1015 g=3x 109 tonnes C/yr) or 50 ppm draw dowatafospheric CO2 by the end of the 21st century by
increasing the soil C pool at a rate of 1 Mg/haB@pending upon climate and other variables, thigctincrease
cereal and food legume production in developinghtoes by 32 million Mg/yr and roots and tubersSsnillion
Mgl/yr. It is precisely this strategy which wouldveareceived broad political support at the COP-E&ting in
Copenhagen in December 2009 from developing casmtemerging economies and the industrialized world
Addressing the issue of food- insecurity and glata@liming through sequestration of C in soils aratiota,
along with payments to resource-poor farmers fereitosystem services rendered, would be a timelywin
strategy.
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The oceans sequester carbon from the atmosphetheasaa result of biological productivity. Oveush of the
ocean surface, this productivity is limited by edie nutrients and we discuss whether it is likislst
sequestration can be enhanced by supplying limitutgents. Various methods of supply have beegessigd
and we discuss the efficacy of each and the palesitle effects that may develop as a result. ©@aclasion is
that these methods have the potential to enhamgeesiation but that the current level of knowletigen the
observations and modelling carried out to date ao¢provide a sound foundation on which to maleaucl
predictions or recommendations. For ocean fertibrato become a viable option to sequestep, @@ need
more extensive and targeted fieldwork and bettehematical models of ocean biogeochemical processes
Models are needed both to interpret field obseovatand to make reliable predictions about the afféets of
large-scale fertilization. They would also be asesdial tool with which to verify that sequestratioas
effectively taken place. There is considerable mcgdo address climate change mitigation and thieahds that
new fieldwork plans are developed rapidly. In castito previous experiments, these must focus@shcific




objective which is to assess the possibilities Gf €equestration through fertilization.
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The idea behind the marine cloud brightening (M@8dengineering technique is that seeding marine
stratocumulus clouds with copious quantities offdy monodisperse sub-micrometre seawater partdakl
significantly enhance the cloud droplet number emtiation thus increasing the cloud albedo anddwitg —
thereby producing a cooling, which computationsgest) could be adequate to balance the warmingiatsdc
with a doubling of atmospheric carbon dioxide. Weiew herein recent research on a number of drissaes
associated with MCB: (1) general circulation mo@&CM) studies, which are our primary tools to eadéu
globally the effectiveness of marine cloud briglimgrand to assess its climate impacts on rainfahunts and
distribution, as well as on polar sea-ice coverthitkness: (2) high resolution modeling of thesef§ of seeding
on marine stratocumulus, which are required to tstdad the complex array of interacting cloud psses
involved in brightening: (3) microphysical modedisensitivity studies examining the influence adiag
amount, seed-particle salt-mass, air-mass chaistatsy updraught speed and other parameters on-gllbedo
change: (4) sea-water spray production by contt@lectrohydrodynamic instability, and by microfiaation
lithography: (5) computational fluid dynamics steslof possible large-scale periodicities in Flettogors: and
(6) the planning of a three-stage limited-arealfrelsearch experiment, which has the objectiveegélbping our
fundamental knowledge of marine stratocumulus dotekting the technology developed for the MCB
geoengineering application, and ultimately, if dedrjustifiable, field-testing the idea quantitatyyeon a limited
(perhaps 100km) spatial scale.
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A technique is proposed for controlled enhanceroédtoplet concentrations in low-level maritimewatls, with
corresponding increase in their albedo and longethtreby producing a cooling effect. It involves
dissemination at the ocean surface of small seawatplets which act as cloud condensation nu€léiN), Ut
has low ecological impact.

Latham, J. (1990). "Control of global warming? (eeto ed.)." Natur847: 339-340
Available at: http://www.nature.com/nature/journal/v347/n62%E/847339b0.html
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An assessment is made herein of the proposattimattolled global cooling sufficient to balance lggd warming
resulting from increasing atmospheric CO2 concéintia might be achieved by seeding low-level, esitemn
maritime clouds with seawater particles that aalasd condensation nuclei, thereby activating desplets and
increasing cloud albedo (and possibly longevityjisTpaper focuses on scientific and meteorologispkcts of
the scheme. Associated technological issues amessit in a companion paper. Analytical calculatictoud
modelling and (particularly) GCM computations sugiglat, if outstanding questions are satisfagtoesolved,
the controllable, globally averaged negative fogaiesulting from deployment of this scheme mighsb#icient
to balance the positive forcing associated witlvabting of CO2 concentration. This statement igpsuied
guantitatively by recent observational evidencenftbree disparate sources. We conclude that ttimigue
could thus be adequate to hold the Earth's temperabnstant for many decades. More work--espgciall
assessments of possible meteorological and cliogital ramifications--is required on several comgrus of the
scheme, which possesses the advantages thas@dblogically benign--the only raw materials lgpimind and
seawater, (ii) the degree of cooling could be adletd, and (iii) if unforeseen adverse effects octhe system
could be immediately switched off, with the forciregurning to normal within a few days (althougk tksponse
would take a much longer time).
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Large-scale (>40000 km2, >1 yr) ocean iron fezdilion (OIF) is being considered as an option fiigating the
increase in atmospheric CO2 concentrations. How@Wewill influence trace gas production and atniesjc
emissions, with consequences over broad tempodadatial scales. To illustrate this, the resparfisgtrous
oxide (N20) and dimethylsulphide (DMS) in the mesdes iron addition experiments (FeAXs) and model
scenarios of large-scale OIF are examined. FeAXs Bhown negligible to minor increases in N20O putigun,
whereas models of long-term OIF suggest signifitd2® production with the potential to offset thenbfit
gained by iron-mediated increases in CO2 uptak€® Ndduction and emission will be influenced by the
magnitude and rate of vertical particle export, alwhg-isopycnal N20O transport will necessitate iasimg over
large spatial scales. The N20-02 relationship ples/e monitoring option using oxygen as a proxyh wpatial
coverage by Argo and glider-mounted oxygen optodiklough the initial FeAXs exhibited similar in@ses
(1.5- to 1.6-fold) in DMS, a subsequent sub-areacific experiment observed DMS consumption redatos
unfertilized waters, highlighting regional variatyilas a complicating factor when predicting thizets of
large-scale OIF. DMS cycling and its influence ém@spheric composition may be studied using ndtural
occurring blooms and be constrained prior to Olfpi®fertilization spatial mapping and aerial samgplsing
new technologies. As trace gases may have positimegative synergistic effects on atmospheric ¢ieyrand
climate forcing, the net effect of altered trace geissions needs to be considered in both moddlsanitoring
of large-scale OIF.
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The term "tipping point” commonly refers to a ical threshold at which a tiny perturbation canlgatvely
alter the state or development of a system. Hermin@duce the term "tipping element" to descrifgé-scale
components of the Earth system that may pass agpoint. We critically evaluate potential policglevant
tipping elements in the climate system under apihgenic forcing, drawing on the pertinent literatand a
recent international workshop to compile a shatt Bknd we assess where their tipping points IreeXpert
elicitation is used to help rank their sensitivtityglobal warming and the uncertainty about theenlyihg
physical mechanisms. Then we explain how, in pplegiearly warning systems could be establishattect the
proximity of some tipping points.
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Climate geoengineering proposals seek to redtdyRarth's current radiative imbalance, eitherdajucing the
absorption of incoming solar (shortwave) radiationby removing C@from the atmosphere and transferring it
to long-lived reservoirs, thus increasing outgdmggwave radiation. A fundamental criterion for kexading
geoengineering options is their climate coolingeti’eness, which we quantify here in terms ofatadé forcing
potential. We use a simple analytical approachedhas the global energy balance and pulse resgonsgons
for the decay of C@perturbations. This aids transparency comparedltulations with complex numerical
models, but is not intended to be definitive. Athga reveals some significant errors in existiadcalations, and
it allows us to compare the relative effectivenafss range of proposals. By 2050, only stratosghegrosol
injections or sunshades in space have the poteatialol the climate back toward its pre-industsi@te, but
some land carbon cycle geoengineering optionsfazerparable magnitude to mitigation "wedges". §gro
mitigation, i.e. large reductions in G@missions, combined with global-scale air captwek storage,
afforestation, and bio-char production, i.e. enle@n€Q sinks, might be able to bring G®ack to its
pre-industrial level by 2100, thus removing thedh&® other geoengineering. Alternatively, stronigigation
stabilising CQ at 500 ppm, combined with geoengineered increasbe albedo of marine stratiform clouds,
grasslands, croplands and human settlements nibteve a patchy cancellation of radiative forci@gean
fertilisation options are only worthwhile if sustad on a millennial timescale and phosphorus amdgrobably




has greater long-term potential than iron or nigrofgrtilisation. Enhancing ocean upwelling or dewgiing
have trivial effects on any meaningful timescalar @yproach provides a common framework for théuewi@n
of climate geoengineering proposals, and our reshibuld help inform the prioritisation of furthesearch into
them.
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Efforts to control climate change require the #itzddion of atmospheric CQOconcentrations. This can only be
achieved through a drastic reduction of global @@issions. Yet fossil fuel emissions increase@%b
between 2000 and 2008, in conjunction with incrdasmtributions from emerging economies, from the
production and international trade of goods andises, and from the use of coal as a fuel sourceontrast,
emissions from land-use changes were nearly can&atween 1959 and 2008, 43% of each year's CO
emissions remained in the atmosphere on averageesh was absorbed by carbon sinks on land ate in
oceans. In the past 50 years, the fraction of €@issions that remains in the atmosphere eachhgsdikely
increased, from about 40% to 45%, and models stgjussthis trend was caused by a decrease inpiade of
CQO, by the carbon sinks in response to climate changevariability. Changes in the G8inks are highly
uncertain, but they could have a significant infloe on future atmospheric G@vels. It is therefore crucial to
reduce the uncertainties.
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Views expressed on the potential impact of oceddlifecation range from wholesale degradation ofima
ecosystems through to no discernable impact withimal consequences. Constraining this range ofigtieds
is necessary for the development of informed pddicgt management. The direct biological impacts of
acidification occur at the molecular and cellukardl; however, it is the expression of these effatthe
population and ecosystem level that is of socetatern. Here, we consider the potential impacicefan
acidification on fisheries with particular emphasisapproaches to scaling from physiological respsrio
population- and ecosystem-level processes. In sastences, impacts of ocean acidification may leathanges
in the relative species composition at a givenhiopevel without affecting the overall productiwitwhilst in
other instances, ocean acidification may leadredaction in productivity at a given tropic levBecause of the
scale at which ecological processes operate, niogeafiudies are required. Here, ocean acidificasmituated
within ongoing research into the ecological dynawitperturbed systems, for which many models ladready
been developed. Whilst few existing models curgeexiplicitly represent physiological processes gesto
ocean acidification, some examples of how oceatlifaizEition effects may be emulated within existmgdels
are discussed. Answering the question of how acaibn may impact fisheries requires the integratf
knowledge across disciplines; this contributionstmfacilitate the inclusion of higher trophic é&ecology into
this ongoing debate and discussion
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The difficulties encountered in accomplishing thastic greenhouse gas emissions reductions negéssavoid
dangerous anthropogenic interference with the EBagthmate system have led to incipient interest in
geoengineering. Geoengineering proposals, sudieaglease of sulfur into the stratosphere in armétock
sunlight, might serve as an emergency option shemidsions reductions efforts fail, or even as@entergency
policy alternative to emission reductions. Thiscketexamines the largely unexplored issue of ggimeering
governance, namely, questions regarding who stardiie whether geoengineering research or depldymen
should go forward, how such decisions should beemadd what mechanisms should be in place to aslthies
risk of deployment by rogue actors. The articleoramends that the international community begindaress
geoengineering governance promptly through the Evaork Convention on Climate Change and the bodies
established by that agreement, and that geoengigegmvernance be treated as a series of adapanagement
decisions to be reviewed periodically. Such an aagn will allow the incorporation of new informatianto the
decisionmaking process and promote the developofansensus and international norms with resect t
geoengineering techniques.
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The CDM-AR project is a market-oriented approachlisorb carbon dioxide through afforestation and
reforestation according to the Kyoto Protocol. Taper analysised the status of the CDM-AR projiec@hina,
and asked why there are so few CDM-AR projectsiim& even in the world? The reasons include: Fiianc
constraints, Constraints associated with knowledkj#ls and other social factors. The particulas@ns for
China include: the specific terrains and soil fiéytin China, the ownership of the forest land aadon. The
CDM-AR project which can offer many economic, sbeiad environmental benefits, is at the initial stdghas
great potential. The potentials of the CDM-AR pobjeclude: introduction of foreign capital and adeed
technology from developed countries; establisthefforest ecological compensation mechanism in& hawer
cost than the cutting emission ways at home fodthesloped countries.
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The Earth is now recognized as a self-regulatystesn that includes a reactive biosphere; the systaintains a
long-term steady-state climate and surface chernaabposition favourable for life. We are perturbthg steady
state by changing the land surface from mainlydtréo farm land and by adding greenhouse gaseaeindol
pollutants to the air. We appear to have exceduedatural capacity to counter our perturbation and
consequently the system is changing to a new agdtasmknown but probably adverse state. | suguers that
we regard the Earth as a physiological system andider amelioration techniques, geoengineering, as
comparable to nineteenth century medicine.
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We propose a way to stimulate the Earth's capszityre itself, as an emergency treatment fopttbology of
global warming. Measurements of the climate systhow that the Earth is fast becoming a hotter pléraa
anything yet experienced by humans.
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Global climate change is occurring at an accelegaiace, and the global greenhouse gas (GHG) emssthat
are forcing climate change continue to increaseefsthe present pace of international actiongets unlikely
that atmospheric composition can be stabilizedlet& that will avoid “dangerous anthropogenieiférence”
with the climate system, as called for in the UldrRework Convention on Climate Change. Complicatireg
situation, as GHG emissions are reduced, reduciiotte offsetting cooling influence of sulfate asols will
create an additional warming influence, making artyetransition to climate stabilization difficulVith
significant reductions in emissions (mitigatiokelly to take decades, and with the impacts of ptefclimate
change—even with proactive adaptation—likely tajbée severe over the coming decades, additiotialrescto
offset global warming and other impacts have beepgsed as important complementary measures. Ajthau
number of possible geoengineering approaches heese firoposed, each has costs and side effectmtisabe
balanced against the expected benefits of reducedte impacts. However, substantial new researcieeded
before comparison of the relative benefits andsrigkintervening is possible. A first step in detéring whether
geoengineering is likely to be a useful optioris initiation of research on four interventiondinait the
increasing serious impacts: limiting ocean aciditiien by increasing the removal of carbon dioxieerf the
atmosphere and upper ocean; limiting the increasitegsity of tropical cyclones; limiting the wammg of the
Arctic and associated sea level rise; and sustimirenhancing the existing sulfate cooling infloenn
addition, in depth consideration is needed reggrthie governance structure for an internationaéggimeering
decision-making framework in the event that geoeegliing becomes essential.
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If the increasing concentrations of greenhousegdae to human activities are indeed causing aréeivt
change in the climate, then can we not counteethidiiences by advertent changes of some typéetately
geoengineering the climate to ensure optimal cardi®? This is a question that was first considematral
decades ago, soon after acceptance of indicatiadt tvas indeed likely that human activities cbaffect the
global climate (e.g., Marchetti, 1975; NAS, 1992gientific evidence now clearly indicates that horaativities
have initiated significant climatic change and tmaich greater change lies ahead (IPCC, 2001a)thbampacts
of these changes will cause significant consequefureghe environment and society (IPCC, 2001, thiat
switching the global energy system away from itaMyedependence on fossil fuels is likely to requi@re than
a century (IPCC, 2001c). With the Kyoto Protocahpng to be a difficult first step to slowing thate of growth
in emissions and with slow progress on moving tmed and third steps that would actually staretiuce
emissions, Crutzen (2006) argues that it may be torthink much more seriously about geoenginedtiag
Earth’s climate. In addition to undertaking geo@egiring to avoid the “dangerous anthropogenicfietence
with the climate system,” which the internationafronunity of nations agreed in 1992 was their objedn the
UN Framework Convention on Climate Change, Crutm@poses to offset the warming influence of remgvin
the loading of tropospheric aerosols so as to iallextheir deleterious health effects, which igraeresting new
aspect meriting consideration. In addition to trengnscientific, legal, ethical, and societal isstnied he raises
with respect to undertaking such efforts, this rafters a few additional thoughts and comments.
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With significant reductions in emissions likelyrequire decades and the impacts of projected wicizange
likely to become more and more severe, proposalsking deliberate action to counterbalance gleiming
have been proposed as an important complemendteirey emissions. While a number of geoengineering
approaches have been proposed, each introducesaintes, complications and unintended consequsetiez
have only begun to be explored. For limiting angersing global climate change over periods of y&ars
decades, solar radiation management, particulajégtion of sulfate aerosols into the stratosphleas,emerged
as the leading approach, with mesospheric reflectod satellite deflectors also receiving attentior a number
of reasons, tropospheric approaches to solar radiatanagement present greater challenges if tieetdke is to
reduce the increase in global average temperdtiangever, such approaches have a number of advanifage
objective is to alleviate specific consequencediofate change expected to cause significant inggfactthe
environment and society. Among the most damagipg@s of the climate that might be countered &e: t
warming of low-latitude oceans that observatiorgosst contribute to more intense tropical cyclaares coral
bleaching; the amplified warming of high latitudiesd the associated melting of ice that has beesierating sea
level rise and altering mid-latitude weather; amg projected reduction in the loading and coolinftuence of
sulfate aerosols, which has the potential to augnvarming sufficient to trigger methane and carbsedbacks.
For each of these impacts, suitable scientifiditetogical, socioeconomic, and governance resdwstihe
potential to lead to tropospheric geoengineering@gches that, with a well-funded research progcamld
begin playing a moderating role for some aspectdimiate change within a decade.
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Predicted effects of climate change include higimetion risk for many species, but confidencehiase
predictions is undermined by a perceived lack opieical support. Many studies have now documented
ecological responses to recent climate changejgingvthe opportunity to test whether the magnitadd nature
of recent responses match predictions. Here, wienpe& global and multitaxon metaanalysis to shioat t




empirical evidence for the realized effects of dimnchange supports predictions of future extinatisk. We use
International Union for Conservation of Nature (INCRed List criteria as a common scale to estireatanction
risks from a wide range of climate impacts, ecatabresponses, and methods of analysis, and wearemp
predictions with observations. Mean extinction idoibity across studies making predictions of thefe effects
of climate change was 7% by 2100 compared with b&%ed on observed responses. After taking accéunt o
possible bias in the type of climate change impaelyzed and the parts of the world and taxa st diere was
less discrepancy between the two approaches: fimdicsuggested a mean extinction probability ¢blrross
taxa and regions, whereas empirical evidence gaweaan probability of 14%. As well as mean overafiretion
probability, observations also supported predidionterms of variability in extinction risk andetielative risk
associated with broad taxonomic groups and geogragbions. These results suggest that predicaomsobust
to methodological assumptions and provide strongigeal support for the assertion that anthropogetimate
change is now a major threat to global biodiversity
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Aerosols are suspensions of solid and/or liquitiglas in the atmosphere and modify atmosphedatave
fluxes and chemistry. Aerosols move mass from @reqf the earth system to other parts of the erskem,
thereby modifying biogeochemistry and the snowastefalbedo. This paper reviews our understandirigeof
impacts of aerosols on climate through direct tadéachanges, aerosol-cloud interactions (indieffects),
atmospheric chemistry, snow albedo, and land aedrobiogeochemistry. Aerosols play an importarg moithe
preindustrial (natural) climate system and havenhmeturbed substantially over the anthropocenendfirectly
by human activity. The most important impacts abaels, in terms of climate forcing, are from thesdt and
indirect effects, with large uncertainties. Simijdarge impacts of aerosols on land and oceanduickiemistry
have been estimated, but these have larger unuétai
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Black carbon (BC) is an important pool of the glb@ cycle, because it cycles much more slowly ththers and
may even be managed for C sequestration. Usinggstadtope techniques, we investigated the fa@®applied
to a savanna Oxisol in Colombia at rates of 0,,123& and 116.1 t BC ha-1, as well as its effeat@n-BC soil
organic C. During the rainy seasons of 2005 and 268l respiration was measured using soda liaqestr
particulate and dissolved organic C (POC and DO&jing by saturated flow was sampled continuously. 5
and 0.3 m, and soil was sampled to 2.0 m. Blacka€ found below the application depth of 0-0.1 rh&0.15—
0.3 m depth interval, with migration rates of 521445, 51.8+18.5 and 378.7+196.9 kg C ha-1 yr-1 {x8lkere
11.6, 23.2 and 116.1 t BC ha-1, respectively, leahlapplied. Over 2 years after application, 2.28®
applied at 23.2 t BC ha-1 was lost by respiratiom an even smaller fraction of 1% was mobilized by
percolating water. Carbon from BC moved to a greatéent as DOC than POC. The largest flux of Bdrfithe
field (20-53% of applied BC) was not accounteddpiour measurements and is assumed to have ocdyred
surface runoff during intense rain events. Bladka@sed a 189% increase in aboveground biomassqtiaau
measured 5 months after application (2.4—4.5 tteadil dry biomass ha—1 where BC was applied),thisd
resulted in greater amounts of non-BC being redpleached and found in soil for the duration @& th
experiment. These increases can be quantitatixphai@ed by estimates of greater belowground netaoy
productivity with BC addition.
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The application of biochar (biomass-derived bleakbon) to soil has been shown to improve cromgidbut the
reasons for this are often not clearly demonstratiede, we studied the effect of a single applatf 0, 8 and
20 t ha—1 of biochar to a Colombian savanna OxXwof years (2003—2006), under a maize-soybeatianta
Soil sampling to 30 cm was carried out after ma@evest in all years but 2005, maize tissue sanpéze
collected and crop biomass was measured at haMagte grain yield did not significantly increasethe first
year, but increases in the 20 t ha-1 plots ovecdmrol were 28, 30 and 140% for 2004, 2005 ar@b620
respectively. The availability of nutrients suchGesand Mg was greater with biochar, and crop éisswlyses



showed that Ca and Mg were limiting in this syst&wil pH increased, and exchangeable acidity shaved
decreasing trend with biochar application. We latite the greater crop yield and nutrient uptakenanily to the
77-320% greater available Ca and Mg in soil whe&ehar was applied.
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The forest biome of Amazonia is one of Earth'saigst biological treasures and a major componettteoEarth
system. This century, it faces the dual threatdedbrestation and stress from climate change. Heze,
summarize some of the latest findings and thinkinghese threats, explore the consequences féorbs
ecosystem and its human residents, and outlinerapfor the future of Amazonia. We also discuss the
implications of new proposals to finance preseorabf Amazonian forests.

Mamadou, D. and C. J. Brinker (2011). "Nanotechgglfor Sustainability: Environment, Water, Food,ndials, and
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The global sustainability challenges facing theld/are complex and involve multiple interdependaeas.
Chapter “Nanotechnology for Sustainability: Envitrment, Water, Food, Minerals, and Climate” focuses
sustainable nanotechnology solutions for a cleair@mment, water resources, food supply, minersbueces,
green manufacturing, habitat, transportation, dinwnange, and biodiversity. It also discusses
nanotechnology-based energy solutions in termbedf interdependence with other sustainability¢éaareas
such as water, habitat, transportation, and clirdatage. Chapter “Nanotechnology for Sustainabilityergy
Conversion, Storage, and Conservation” is dedictiteshergy resources.
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Afforestation of the Sahara and Australian dedsatsbeen proposed as a geoengineering techniqubidly to
mitigate the effects of greenhouse gases in théthBatmosphere. The afforestation proposal entilsting and
irrigating eucalyptus forests on a massive scatherpresent day arid Sahara desert—an expensive bu
potentially effective way to sequester atmosph€f2. Several unintended consequences have beaiistsdo
with this technique, to include salt depositioncr@ased oceanic fertilization by dust, and locustras.
However, the effect of desert afforestation ongtapagation of disease carrying avian species dilsaen
studied. It is hypothesized that afforestationhef $ahara will increase the number of avian specieging
disease to European and subSaharan regions. TasdBisepossibility, a field test scheme is presghd measure
avian flux through the transSaharan region viaradaed monitoring. The test will assess flux fothbarid and
afforested conditions at several points along magrsSaharan flyways, with emphasis on zones kriovioe
fatal for Sahara crossing birds. Results from iblel fexperiments will be input into an in silico de that will
extrapolate the findings over the entire Saharegnegnd incorporate other parameters such as Ingetihe
preliminary model described here will simulate floidisease carrying avian species across the &&braa user
defined number of migratory seasons, and will camghanges in species specific flux, migratorygratt, and
crossinfection between arid and afforested scesadtits expected that desert afforestation wiighten
transSaharan flux of disease carrying avian spelfigss prediction is validated by the simulatjdhen
European and subSaharan regions may be at grisktef avian borne disease if Sahara afforestation
implemented. Desert afforestation as a geoengimgégchnique must be critically assessed with ispéats
potential effects on disease vector propagatioarbefs implementation is considered. The prop@sgeeriments
provide an outline with which to effectively estiteasuch effects, should the need for long termaggdessment
arise.
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The spatial distribution and fate of riverine dised organic carbon (DOC) in the Arctic may bengfigant for
the regional carbon cycle but are difficult to jutharacterize using the sparse observations aMunaerical
models of the circulation and biogeochemical cyoclethe region can help to interpret and extragolae data
and may ultimately be applied in global change itigitg studies. Here we develop and explore aoegl,




three-dimensional model of the Arctic Ocean in whior the first time, we explicitly represent theurces of
riverine DOC with seasonal discharge based on ttilmgical field estimates. Through a suite of nuicer
experiments, we explore the distribution of DOQlikacers with realistic riverine sources and grfinear
decay to represent remineralization through miaiotégradation. The model reproduces the slopleeof t
DOC-salinity relationship observed in the easterh western Arctic basins when the DOC tracer lifietis
about 10 years, consistent with published inferericam field data. The new empirical parameteraabf
riverine DOC and the regional circulation and bingfeemical model provide new tools for applicatinrboth
regional and global change studies.
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The problem of CO s control in the atmospheradg&led by proposing a kind of ‘fuel cycle' for fibésels where
CO~ is partially or totally collected at certaiartisformation points and properly disposed of. A®disposed of
by injection into suitable sinking thermohaline raunts that carry and spread it into the deep otfestrhas a very
large equilibrium capacity. The Mediterranean undeent entering the Atlantic at Gibraltar has bielemtified
as one such current; it would have sufficient céapao deal with all CO 2 produced in Europe eveithie year
2100.
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E are testing the hypothesis that Antarctic phigioiton suffer from iron deficiencyl-3 which pret@them
from blooming and using up the luxuriant suppliesajor nutrients found in vast areas of the sautloeean.
Here we report that highly productive4 (~3 g €;inday—1), neritic Gerlache Strait waters have an abundance of
Fe (7.4 nmol kg—1) which facilitates phytoplanktidooming and major nutrient removal, while in
low-productivity4 (~0.1 g C m-2 day-1), offshoredRe Passage waters, the dissolved Fe levels éoe/$0.16
nmol kg—1) that the phytoplankton are able to ess than 10% of the major nutrients available ¢othThe
verification of present-day Fe deficiency is ofirgst as iron-stimulated phytoplankton growth mayeh
contributed to the drawing down of atmospheric @GDEng glacial maxima2,3; it is also important hesa
oceanic iron fertilization aimed at the enhancenaémthytoplankton production may turn out to be tiest
feasible method of stimulating the active removajr@enhouse gas CO2 from the atmosphere, if ted adgses
(J.H.M., manuscript in preparation).
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The American physical oceanographer Henry Stonamelco-workers proposed “the perpetual salt fonhtnd
suggested the possibility of upwelling deep seawaiidnout an energy source. In the open ocean, deawater
containing rich nutrients becomes a source of pyrpaoduction. Previously, we have tested Stommel's
hypothesis by numerical simulations and in ocegregments, and confirmed the upwelling of a peraketalt
fountain. In the present study, we conducted am-@mean experiment in the Philippines Sea, andesusd to
demonstrate an increase in chlorophyll concentmafiie chlorophyll concentration at the pipe outlas much
greater than that in the surrounding seawaterllBatmcean-color image around the pipe was analyaad the
signal of artificial upwelling is investigated. Cposite analysis of satellite chlorophyll image oates an
increased surface chlorophyll distribution in th&nity of pipe position, in which the increasinigisal is much
larger than the expected production based on musigoply. Although the problem must be furthecdssed,
this increased signal is shown to be statisticgitipificant. This mechanism may contribute to effec
utilization of fishery resources in subtropicalgalirophic region.
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A global three-dimensional ocean carbon cycle hads used to investigate the use of macronutrient
fertilization of the ocean to increase the oceapitake of CO2.To simulate macronutrient fertilinati phosphate
was added to the 18-501S surface ocean. The carbon sequestration efficiehiertilization was determined
from the ratio of increased ocean uptake of anttgepic CO2 to the rate of phosphate addition tagpeer
ocean (converted to carbon units using the C/B cdtorganic matter, 106). The model simulationduced a




maximum efficiency of 78%. However, the simulatiatesnonstrated that changes in calcium carbon ptimtuc
with macronutrient fertilization could significaptteduce carbon sequestration efficiency. Whenwalc
carbonate production increases at the same rabgpast production, the carbon sequestration effiryds
reduced by 25% when compared to a simulation wteldum carbonate production is held constant. Sibdy
also discusses several other potential processaliid impact the efficiency phosphate fertilizatto sequester
carbon in the ocean and the potential consequa&idagye-scale macronutrient fertilization of theean
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The biosphere’s uptake and storage of carbon tevpotential to either slow or amplify global wangn
providing a carbon-climate feedback to global wagniThe interactions between carbon (C) and theemat
cycles, especially nitrogen (N) and phosphorusdf) jmportant to the biosphere’s storage of carbbbe
century-scale carbon-climate feedback of the lamatdjected to be an order of magnitude greater e ocean;
however, the land’s importance may have been otierat®d as they are based on models that negléatmiu
limitation. The omission of N limitation reducesthegative carbon-climate feedback by up to 30% farther,
we postulate as N-deposition and N-fixation inceg&slimitation will become important in limitinge future
land carbon-climate feedback. Process-based CdNPdand models are needed to realistically prajast
century carbon-climate feedback. In the oceancéineon and nutrient cycles are tightly coupled essalt of low
living biomass relative to its annual turnover. MMiapid recycling of carbon and nutrients, the acea
carbon-climate feedback is weak at the century-8oae. The land and ocean C, N and P cycle m¢eaith
system models) are needed for both improvementopégtions of climate change and more realistiegtigation
of the impact of climate change on land and oceasystems. An earth system modelling approach lsarhalp
to assess the impact of different processes omoarbd nutrient cycling, and identify where imprdve
process-understanding is needed.
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Any human intervention in environmental systemsiea risk of adverse consequences. Planetary-scale
intervention carries the potential for planetargdeaisk. Continued emissions of greenhouse gaggesent an
unintentional planetary-scale human interventiothanclimate system, which is resulting in globahsequences
that will become increasingly harmful to both hunaenmd environmental systems. The most appropriafgorese
to this problem is to decrease the level of ovdrathan intervention in the climate system by desirep
greenhouse gas emissions. However, owing to tlre@logress of mitigation efforts, many scientiges starting
to suggest alternate climate interventions asadegly to decrease or avert some of the anticipatpdcts of
global warming. In this review, | will consider thaele of some forms of climate intervention — thageed at
accelerating the slow natural removal of atmosgh@®2 — as possible complements to aggressiveatidiy
policy, for the purpose of expanding the ranget@ilmable long-term climate targets.
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Geoengineering (the intentional modification ofth® climate) has been proposed as a means afingdu
CO2-induced climate warming while greenhouse gassams continue. Most proposals involve managing
incoming solar radiation such that future greenbass forcing is counteracted by reduced solairfgrdn this
study, we assess the transient climate resporgeotngineering under a business-as-usual CO2 emsssi
scenario by using an intermediate-complexity glatiahate model that includes an interactive carbgeie. We
find that the climate system responds quickly tdieially reduced insolation; hence, there maylitite cost to
delaying the deployment of geoengineering stragegiil such a time as "dangerous” climate chagge i
imminent. Spatial temperature patterns in the ggioeered simulation are comparable with preindaistri
temperatures, although this is not true for preaimn. Carbon sinks in the model increase in raspdo
geoengineering. Because geoengineering acts to cliaske warming, there is a direct CO2-driven @age in
carbon uptake without an offsetting temperaturgedrisuppression of carbon sinks. However, thisgtreening




of carbon sinks, combined with the potential fgidaclimate adjustment to changes in solar forcieggs to
serious consequences should geoengineering flad stopped abruptly. Such a scenario could leadriprapid
climate change, with warming rates up to 20 tinresiggr than present-day rates. This warming rebawmdd be
larger and more sustained should climate sensitiribve to be higher than expected. Thus, employing
geoengineering schemes with continued carbon emissiould lead to severe risks for the global darsystem.
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Climate engineering has been proposed as a pg@ssgponse to anthropogenic climate change. Winhaie
engineering may be able to stabilize temperatitressgenerally assumed that this will not preveomtinued
ocean acidification. However, due to the strongptiog between climate and the carbon cycle, climate
engineering could indirectly affect ocean chemisife used a global Earth- system model to investigaw
climate engineering may affect surface ocean pHtl@diegree of aragonite saturation. Climate erging
could significantly re-distribute carbon emissi@mong atmosphere, land and ocean reservoirs. dhid slow
pH decreases somewhat relative to the non- engidexase, but would not affect the level of aragosatturation
due to opposing responses of pH and aragoniteadiatuto temperature change. However, these efégets
dependent on enhanced carbon accumulation in tidebi@sphere; without this, climate engineering litde
effect on pH, and leads to accelerated declinesagonite saturation.
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Anthropogenic global warming is a growing enviramtal problem resulting from unintentional human
intervention in the global climate system. If eny@d as a response strategy, geoengineering wguielsent an
additional intentional human intervention in themate system, with the intent of decreasing netale impacts.
There is a rich and fascinating history of humaerivention in environmental systems, with many #jmec
examples from ecology of deliberate human intereardimed at correcting or decreasing the impagrretious
unintentionally created problems. Additional intemtions do not always bring the intended resuitd,ia many
cases there is evidence that net impacts haveaswdewith the degree of human intervention. Inlgtier, we
report some of the examples in the scientific ditere that have documented such human interveritions
environmental systems, which may serve as analdgugsoengineering. We argue that a high degregstém
understanding is required for increased interventiolead to decreased impacts. Given our curess lof
understanding of the climate system, it is likdlgittthe result of at least some geoengineeringtsfieould
follow previous ecological examples where incredsatian intervention has led to an overall increase
negative environmental consequences.
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McFedries, P. (2010). "Hacking the planet (techhicgpeaking)." IEEE Spectrudi: 23-23 DOI:
10.1109/mspec.2010.5520622
Available at: http://ieeexplore.ieee.org/lpdocs/epicO3/wraggar?arnumber=5520622
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This research reviews existing climate changedlitee and quantifies the climate change mitigatiod
adaptation potential of specific agricultural fdrgsgliversification activities at the regional lévik comprises
modelling of net emission reductions and discounmtadket values for six agroforestry carbon seqagetr
projects. The research aim was to describe a simptbod of enabling private agricultural entitiesia




governments to compare alternative investment ogtior both climate change mitigation and adaptatiih
limited data availability. The forestry sequeswoatproject examples for the higher rainfall regioh¥Vestern
Australia show large differences in total discodnpeoject costs over time. These costs were higapendent on
the project financing arrangements, while the sqgecies selection, and the previous land use wanary
determinants of the biomass growth and the totdlorasequestered. The results indicate that theé pnoductive
agricultural lands in the region might be permalyergtired from food production and replaced bygénspecies
tree plantations, although the viability of thigiop is dependent on future carbon market eligipililes and
carbon values.
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In accordance with numerous investigations, glabalate warming due to the increased greenhousegatent
in the atmosphere can significantly influence theimnment already in the near decades. In orderitigate or
prevent possible adverse consequences of this wartimé technologies on reducing greenhouse gasiemssas
well as a deliberate interference with climate|uding its control, are under consideration. Letnalyze the
present investigations on the estimate of the @mftie of a simultaneous increase in the atmosp8&¥i
concentration and in the stratospheric aerosohergtobal and regional climate, ozone layer, andlidMocean
acidification. It is noted that the production aubsequent maintenance of the artificial aerogelrlan the
stratosphere could, in principle, eliminate or rételimate warming, but it would be accompaniedilijecrease
in the global precipitation, especially in the ticg zone. Furthermore, the stratospheric aerageks does not
solve the problem of the atmospheric CO2 increabéh in turn results in the further World Oceaidéication,
and thus has an adverse effect on the marine pime diosphere. Political and ethic issues coretkuatith the
deliberate global man interference with the nataralironment are also under considerations.
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In a decade-long soil warming experiment in a fatdude hardwood forest, we documented changesiin
carbon and nitrogen cycling in order to investigaiconsequences of these changes for the clsystem. Here
we show that whereas soil warming acceleratesosgénic matter decay and carbon dioxide fluxesi¢o t
atmosphere, this response is small and short-fived mid-latitude forest, because of the limitezk ©f the
labile soil carbon pool. We also show that warmmgeases the availability of mineral nitrogen tangs.
Because plant growth in many mid-latitude forestsiirogen-limited, warming has the potential tdiiactly
stimulate enough carbon storage in plants to at l@npensate for the carbon losses from soilsr€xuits
challenge assumptions made in some climate mdagidetad to projections of large long-term releadesoil
carbon in response to warming of forest ecosystems.
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Biofuels are being promoted as an important plattiedglobal energy mix to meet the climate chactyglenge.
The environmental costs of biofuels produced wittrent technologies at small scales have beenestudut
little research has been done on the consequeheesaggressive global biofuels program with adeainc
technologies using cellulosic feedstocks. Hereh witnulation modeling, we explore two scenarioscigtulosic
biofuels production and find that both could cdmite substantially to future global-scale energgdse but with
significant unintended environmental consequen&eshe land supply is squeezed to make way for aesis of
biofuels crops, the global landscape is definedither the clearing of large swathes of naturadggror the
intensification of agricultural operations worldwidThe greenhouse gas implications of land-usearsion
differ substantially between the two scenarios,ibiioth, numerous biodiversity hotspots suffenfreerious
habitat loss. Cellulosic biofuels may yet serve asucial wedge in the solution to the climate g®aproblem,
but must be deployed with caution so as not togedipe biodiversity, compromise ecosystems seryimes
undermine climate policy.
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553-569 DOI: 10.1023/a:1005598717174
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We develop a new climate-impact model, the Gldiglact Model (GIM), which combines future scenarios
detailed spatial simulations by general circulatieodels (GCMs), sectoral features, climate-respfunsetions,
and adaptation to generate country-specific impagtmarket sector. Estimates are made for thresdut
scenarios, two GCMs, and two climate-response fomet- a reduced-form model and a cross-sectiondkein
Combining empirically based response functionstosatdata by country, and careful climate foresastes
analysts a more powerful tool for estimating maikgiacts. GIM predicts that country specific resuwiary,
implying that research in this area is likely togmicy-relevant.
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Plant photosynthesis tends to increase with iarazk. However, recent theoretical and observat&todies have
demonstrated that photosynthesis is also mordeificnder diffuse light conditions. Changes irud@over or
atmospheric aerosol loadings, arising from eittedcanic or anthropogenic emissions, alter bothtoited
photosynthetically active radiation reaching thgate and the fraction of this radiation that iusie, with
uncertain overall effects on global plant produtgieand the land carbon sink. Here we estimatertipact of
variations in diffuse fraction on the land carbarkausing a global model modified to account fag tfects of
variations in both direct and diffuse radiationaamopy photosynthesis. We estimate that variatiodgfuse
fraction, associated largely with the 'global dimgliperiod, enhanced the land carbon sink by apmately
one-quarter between 1960 and 1999. However, undé@nate mitigation scenario for the twenty-firgntury in
which sulphate aerosols decline before atmospl@Di(2) is stabilized, this 'diffuse-radiation’ fégition effect
declines rapidly to near zero by the end of thentyirst century.
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We report the results of the first large-scalerinational survey of public perception of geoengiimg and solar
radiation management (SRM). Our sample of 310%iddals in the United States, Canada and the United
Kingdom was recruited by survey firms that admiishternet surveys to nationally representativeubetion
samples. Measured familiarity was higher than etqutavith 8% and 45% of the population correctlfirdag
the terms geoengineering and climate engineersgetively. There was strong support for allowimg study
of SRM. Support decreased and uncertainty rosalgeds were asked about their support for usingl SR
immediately, or to stop a climate emergency. SupieorSRM is associated with optimism about scianti
research, a valuing of SRM's benefits and a strobejeef that SRM is natural, while opposition ssaciated
with an attitude that nature should not be mantedlan this way. The potential risks of SRM are artpnt
drivers of public perception with the most salibaing damage to the ozone layer and unknown &R is a
new technology and public opinions are just formihgs all reported results are sensitive to chamgé&aming,
future information on risks and benefits, and clesnig context.
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We propose the sequestering of crop residuesptoireaa significant fraction (12%) of the presensU
atmospheric carbon emission through disposal ip deeans below the thermocline or in river deltashe
United States, the annual carbon content in resifhoen corn, soybeans and wheat crops is appro&ignas0
million tonnes. Globally, an additional 1 billioartnes of carbon in the form of crop residues masnadable.
Implementation of this sequestering proposal walimlv the US to approach the CO2 reductions sttpdla
under the Kyoto Protocol.

Millard-Ball, A. (2011). "The Tuvalu Syndrome - Cgroengineering solve climate’s collective actioobtem?"
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Geoengineering research has historically beeitei by fears that the perceived availability eéehnological
fix for climate change, such as the deploymentpaice-based deflectors, may undermine greenhouse gas




abatement efforts. | develop a game theoretic miodgthow that the credible threat of unilateraleyeineering
may instead strengthen global abatement and leadétf-enforcing climate treaty with full partieipon. A
‘rogue nation’ may wish to unilaterally geoengindet faces extreme climate damages (as with Twivadr if
there are minimal local side effects from geoengjiimg, such as hydrological cycle disruption oatstspheric
ozone depletion. However, the costly global sidea$ of geoengineering may make it individualliaaal for
other countries to reduce emissions to the levare/this rogue nation no longer wishes to unildliera
geoengineer. My results suggest a need to modéiihects of a “selfish geoengineer” intent only on
maximizing net domestic benefits, as well as a Byetrent geoengineer” out to restore global meampesature
and minimize global side effects.
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Greenhouse gases and cirrus clouds regulate agttmigwave radiation (OLR) and cirrus cloud cogerés
predicted to be sensitive to the ice fall speeccividiepends on ice crystal size. The higher thessithe greater
their impact is on OLR. Thus by changing ice crlysize in the coldest cirrus, OLR and climate milgat
modified. Fortunately the coldest cirrus have tlghést ice supersaturation due to the dominance of
homogeneous freezing nucleation. Seeding suchsanwith very efficient heterogeneous ice nuclei $thou
produce larger ice crystals due to vapor competeitbects, thus increasing OLR and surface coolngliminary
estimates of this global net cloud forcing are mugative than —2.8W m-2 and could neutralize duéative
forcing due to a CO2 doubling (3.7W m-2). A potahtelivery mechanism for the seeding materialrisaaly in
place: the airline industry. Since seeding aerossilence times in the troposphere are relativedytsthe
climate might return to its normal state within rftnafter stopping the geoengineering experimemg. mMain
known drawback to this approach is that it woultistop ocean acidification. It does not have mdithe
drawbacks that stratospheric injection of sulfue@es has.

Montagnini, F. and C. F. Jordan (2005). TropicalesbEcology: The Basis for Conservation and Manesge. Berlin,
Springer.

Mooney, H., A. Larigauderie, et al. (2009). "Bio€ligity, climate change, and ecosystem servicesreGuOpinion in

Environmental Sustainability: 46-54 DOI: 10.1016/j.cosust.2009.07.006
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The capacity of ecosystems to deliver essentiglcgss to society is already under stress. Thetiaddil stresses
imposed by climate change in the coming yearsrelire extraordinary adaptation. We need to tthek
changing status of ecosystems, deepen our undéirsgenf the biological underpinnings for ecosysissrvice
delivery and develop new tools and techniques fantaining and restoring resilient biological amdisl
systems. We will be building on an ecosystem fotindahat has been radically compromised duringotist
half century. Most rivers have been totally rednoed, oceans have been severely altered and eépbetral
reefs are near the tipping point of disappearinfyastional ecosystems, over half of the land siefis devoted
to livestock and crop agriculture, with little caaeration for the ecosystem services that are hestgas a
conseqguence, some irrevocably so. We have alrestyreany regime shifts, or tipping points, dueuman
activity, even before the onset of measurable ¢énchange impacts on ecosystems. Climate changseda
mainly by anthropogenic greenhouse gas emissiatigligrupt our ecosystem base in new ways. Alreadyare
seeing widespread signs of change. Species bebar@ialtering and disrupting mutualisms of lorzgnding. We
are seeing extinctions within vulnerable habitad eonditions where migrations are necessary figl but
where often there are no pathways available focesgful movement in the fragmented world of toddese
challenges represent an extraordinary threat tetyoand a call for urgent attention by the sciamttommunity

Moore, J. C., S. Jevrejeva, et al. (2010). "Effjcatgeoengineering to limit 21st century sea-leigd." Proceedings of
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Geoengineering has been proposed as a feasiblefwaigigating anthropogenic climate change, esgibci
increasing global temperatures in the 21st cenfitmg.two main geoengineering options are limitimgpiming
solar radiation, or modifying the carbon cycle. élere examine the impact of five geoengineering @ggres on




sea level; SO(2) aerosol injection into the stiali@se, mirrors in space, afforestation, biochad, lsinenergy
with carbon sequestration. Sea level responds ynatrdentennial time scales to temperature chargehas
been largely driven by anthropogenic forcing sih880. Making use a model of sea-level rise as etim of
time-varying climate forcing factors (solar radiatj volcanism, and greenhouse gas emissions) welfat
sea-level rise by 2100 will likely be 30 cm highlean 2000 levels despite all but the most aggressiv
geoengineering under all except the most stringez@nhouse gas emissions scenarios. The leastariskgost
desirable way of limiting sea-level rise is bioagpewith carbon sequestration. However aerosol {igamr a
space mirror system reducing insolation at an acatihg rate of 1 W m(-2) per decade from now té@é&ould
limit or reduce sea levels. Aerosol injection detimg a constant 4 W m(-2) reduction in radiatioecing (similar
to a 1991 Pinatubo eruption every 18 months) cdeldy sea-level rise by 40-80 years. Aerosol ilgacappears
to fail cost-benefit analysis unless it can be naanmed continuously, and damage caused by the tedireaponse
to the aerosols is less than about 0.6% Global d\Rrbduct.
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The legal and policy implications of the impactshodiversity of climate change, as well as ofigaition and
adaptation measures, have been progressively agdrby the Convention on Biological Diversity (CBDhis
process experienced a steep acceleration at ttiertereting of the CBD Conference of the PartiesRCO
18-29 October 2010 in Nagoya, Japan) that resuitachost of unprecedented and far-reaching dexdgielated
to climate change. This article will first discubg increasing understanding of the links betwdehaj
biodiversity loss and climate change, and therergthe main climate change-related outcomes o€#ie COP
X. It will conclude by discussing the legal relegarof this significant rapprochement of internadion
biodiversity law to climate change law.
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Available at: http://papers.ssrn.com/sol3/papers.cfm?abstide1 914378
In light of almost twenty years of implementatitims article looks afresh at the Convention onl@jcal
Diversity (CBD), by assessing its evolution andrent legal significance with a view to better uralending its
immediate future. To this end, the article critigalnalyses the outcomes of the tenth meetingeofZBD
Conference of the Parties, in order to determingnass in the development and implementation of the
Convention at the level of both international caagien and national implementation.
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Muller, C. J. and P. A. O'Gorman (2011). "An endigeerspective on the regional response of pritipn to climate
change." Nature Climate Chanfye266-271 DOI: 10.1038/nclimate1169
Available at: http://www.nature.com/doifinder/10.1038/nclimaié9
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Abstract: Cloud properties and the Earth’s radiabudget are defined as essential climate vasadbleGlobal
Climate Observing System (GCOS). The cloud albsdorneasure for the portion of solar radiatiorectéd
back to space by clouds. This information is esakfar the analysis and interpretation of the Bartadiation
budget and the solar surface irradiance. We presghtiscuss a method for the production of thectiffe cloud
albedo and the solar surface irradiance basedeovistble channel (0.45+1m) on-board of the Meteosat
satellites. This method includes a newly develogsticalibration approach and has been used togena
23-year long (1983-2005) continuous and validatiesate data record of the effective cloud albedod tre solar
surface irradiance. Using these records we denairdtre ability of the method to provide these missle




variables in high accuracy and homogeneity. Furbinewe discuss the role of the cloud albedo withimate
monitoring and analysis. We found trends with ojifeasign in the observed effective cloud albedaltey) in
positive trends in the solar surface irradiance @eean and partly negative trends over land. Gioun
measurements are scarce over the ocean and tblisesderived effective cloud albedo and solarface
irradiance constitutes a unique observational siat@ce. Within this scope it has to be considdnatithe ocean
is the main energy reservoir of the Earth, whiclpleasises the role of satellite-observed effectivacdcalbedo
and derived solar surface irradiance as esselitigte variables for climate monitoring and anaysi
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To circumvent the uncertainty related to presesiilylied ocean disposal options based on pumpihiguad
carbon dioxide or hydrate slurry injection at deptith the associated risk of short term physical hiological
oceanographic processes returning an importartidraof it to the atmosphere, a disposal techniggieg the
natural geochemical storage properties of deepn@dciarbonate or alumino-silicate rich) sedimentargnations
is suggested. solid by cooling to -78.5 C. The aNeensity is approximately one and a half timéss6 kg.dm
"3 that of seawater. If the solid was shaped as@etlo and then left to fall through the water owohut would
penetrate quite deeply into soft underlying seditsierhis conclusion is based on in-situ investigadiusing
penetrators that were studied as a disposal ofsirosther solid wastes. The technique proposed dvdapend on
the fact that carbon dioxide can be obtained a3 concept should, therefore, provide permastmage as
the emplaced carbon dioxide will be chemically ssgiered by the sediments (via the formation of an
intermediate ciathrate). Other than secure sedgoggat the emplaced CO 2, the penetrator optionahfasther
major advantage in that there should be no long-&fects to biological systems: penetrator dispissdeep
within sedimentary formations which have zero ayJew biological activity.
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Planet Earth has experienced repeated changessatimate throughout time. Periods warmer thamyoas well
as much colder, during glacial episodes, haverslted. In our time, rapid population growth witkreased
demand for natural resources and energy, has noagysincreasingly vulnerable to environmentalrajes,
both natural and those caused by man; human gdvitearly affecting the radiation balance of Beath. In the
session “Climate Change and Mitigation” the spesikéiered four different views on coal and CO2: Itlasis for
life, but also a major hazard with impact on Eattiimate. A common denominator in the presentatigas that
more than ever science and technology is requitedneed not only understand the mechanisms foatdim
change and climate variability, we also need tatifie means to remedy the anthropogenic influenc&arth’s
climate.
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Various geoengineering schemes have been proposednteract anthropogenically induced climatengea In
a previous study, it was suggested that a 1.8%ctwxiuin solar radiation incident on the Earth'gace could
noticeably reduce regional and seasonal climateggh&rom increased atmospheric carbon dioxide (COZ2)
However, the response of the terrestrial biospteereduced solar radiation in a CO2-rich climates wat
investigated. In this study, we hypothesized thadaiction in incident solar radiation in a Doub{eé@2
atmosphere will diminish the net primary produdsiViNPP) of terrestrial ecosystems, potentiallyedeting the
accumulation of CO2 in the atmosphere. We usechardic global ecosystem model, the Integrated Biesph
Simulator (IBIS), to investigate this hypothesisaimunperturbed climatology. While this simplifiemdeling
framework effectively separated the influence of2Z34dd sunlight on the terrestrial biosphere, itrdbtl consider
the complex feedbacks within the Earth's climatteay. Our analysis indicated that compared to ebl2ouCO2
scenario, reduction in incident solar radiationli8% in a double CO2 world will have negligible iagb on the
NPP of terrestrial ecosystems. There were, howesypatjal variations in the response of NPP-engetesolar
radiation. While productivity decreased by lesstB&o in the tropical and boreal forests as hypatkeds it
increased by a similar percentage in the tempeetieluous forests and grasslands. This incregseductivity
was attributed to an approximately 1% reductioavapotranspiration in the Geoengineered scenddtive to



the Doubled CO2 scenario. Our initial hypothesis waected because of unanticipated effects oheeged
solar radiation on the hydrologic cycle. Howevery geoengineering approaches that reduce inciaddat s
radiation need to be thoroughly analyzed in viewhefimplications on ecosystem productivity and the
hydrologic cycle.
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In 2009 and 2010, an Indo-German scientific exididusted the ocean with iron to stimulate thadgjical
pump that captures atmosphereic carbon dioxide. divbmard scientists tell the story of this contrsiad
project. Besides raising the polemic on using gegireeering to combat global warming, the expedipoovided
unprecedented knowledge about oceans' biogeochgmist

Nelson, E., G. Mendoza, et al. (2009). "Modelindtiple ecosystem services, biodiversity conservatmmmmodity
production, and tradeoffs at landscape scalestitiers in Ecology and the Environmént4-11 DOI: 10.1890/080023
Open Access Article* Availableat: http://www.esajournals.org/doi/abs/10.1890/080023

Nature provides a wide range of benefits to peodfiere is increasing consensus about the impartahc
incorporating these “ecosystem services” into resmmanagement decisions, but quantifying the seaetl
values of these services has proven difficult. \&fe a1 spatially explicit modeling tool, Integratedlation of
Ecosystem Services and Tradeoffs (INVEST), to ptedhianges in ecosystem services, biodiversityerwasion,
and commodity production levels. We apply INVESEtakeholder-defined scenarios of land-use/laneicov
change in the Willamette Basin, Oregon. We fourad sitenarios that received high scores for a yaniet
ecosystem services also had high scores for bisiiyesuggesting there is little tradeoff betwédndiversity
conservation and ecosystem services. Scenariolvinganore development had higher commodity proigunct
values, but lower levels of biodiversity conseroatand ecosystem services. However, including pagsrfer
carbon sequestration alleviates this tradeoff. Qfyamg ecosystem services in a spatially explindnner, and
analyzing tradeoffs between them, can help to makeral resource decisions more effective, effigiand
defensible.

New, M., D. Liverman, et al. (2011). "Four degrees beyond: the potential for a global temperaitureease of four
degrees and its implications." Philosophical tratisas. Series A, Mathematical, physical, and esejiimg science369:
6-19 DOI: 10.1098/rsta.2010.0303
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The 1992 UN Framework Convention on Climate Charmgemits signatories to preventing ‘dangerous
anthropogenic interference with the climate syst@aving unspecified the level of global warmihgttis
dangerous. In the late 1990s, a limit of 2(°)C glolarming above preindustrial temperature was @seg as a
‘guard rail' below which most of the dangerous atenmpacts could be avoided. The 2009 Copenhagearé
recognized the scientific view 'that the increasglobal temperature should be below 2 degreesusettespite
growing views that this might be too high. At ttzree time, the continued rise in greenhouse gasemssin the
past decade and the delays in a comprehensivel glotissions reduction agreement have made achi¢visig
target extremely difficult, arguably impossibleisiag the likelihood of global temperature rises3¢%)C or 4(°)C
within this century. Yet, there are few studied thesess the potential impacts and consequeneesafning of
4(°)C or greater in a systematic manner. Papeissrthemed issue provide an initial picture of thallenges
facing a world that warms by 4(°)C or more, anddHficulties ahead if warming is to be limited 2¢°)C with
any reasonable certainty. Across many sectors-&lozises, agriculture, water stress, ecosystenmgation-the
impacts and adaptation challenges at 4(°)C wilbbger than at 2(°)C. In some cases, such as fagrmin
sub-Saharan Africa, a +4(°)C warming could resuthie collapse of systems or require transformation
adaptation out of systems, as we understand théay i@ he potential severity of impacts and the bishaal,
institutional, societal and economic challenge®ived in coping with these impacts argue for rersbeforts to
reduce emissions, using all available mechanismmsinimize the chances of high-end climate chaligeéat the
same time, there is a need for accelerated anddédawesearch that improves understanding of howlithete
system might behave under a +4(°)C warming, whairtipacts of such changes might be and how bestapt
to what would be unprecedented changes in the waeltive in.

Norby, R. J., J. M. Warren, et al. (2010). "CO2amtement of forest productivity constrained by edinitrogen
availability." Proceedings of the National Acadeai\Sciences of the United States of Amed®&: 19368-19373 DOI:
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Stimulation of terrestrial plant production byimg CO(2) concentration is projected to reducestineorne
fraction of anthropogenic CO(2) emissions. Couglédate-carbon cycle models are sensitive to thigative
feedback on atmospheric CO(2), but model projestame uncertain because of the expectation thdbéeis
through the nitrogen (N) cycle will reduce thiscaled CO(2) fertilization effect. We assessed WweeiN
limitation caused a reduced stimulation of net piriyrproductivity (NPP) by elevated atmospheric QO(2
concentration over 11 y in a free-air CO(2) enrieht(FACE) experiment in a deciduous Liquidambar
styraciflua (sweetgum) forest stand in TennesseenD the first 6 y of the experiment, NPP was sigantly
enhanced in forest plots exposed to 550 ppm C@@pared with NPP in plots in current ambient COg2y
this was a consistent and sustained response. Howbe enhancement of NPP under elevated CO(2hdédc
from 24% in 2001-2003 to 9% in 2008. Global anadyeat assume a sustained CO(2) fertilization etisz no
longer supported by this FACE experiment. N bu@getlysis supports the premise that N availabiliagw
limiting to tree growth and declining over time--axpected consequence of stand development, wtish w
exacerbated by elevated CO(2). Leaf- and stand-tdservations provide mechanistic evidence thelimiag N
availability constrained the tree response to ée/&0(2); these observations are consistent watidslevel
model projections. This FACE experiment provideergj rationale and process understanding for iraatmg
N limitation and N feedback effects in ecosystem giobal models used in climate change assessments.
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The changing environment is expected to intertbiéychallenges that people in developing coun&iedacing,
particularly among the groups whose livelihoodsestebon natural resources. The adaptive capacity of
livelihoods largely defines the extent to which pkeocan cope with future environmental changes thdre
caused by climate change or other factors suchrasuse changes and water resources developménariible
analyses the resilience and adaptive capacityraf liwelihoods around Cambodia’s Tonle Sap Lake, a
exceptional lake-floodplain system dominated bpdigulse. The research findings demonstrate thstitdethe
people’s tradition of adapting to the remarkabkessaal variation of water and related resources; tapacity to
adapt to unusual environmental changes is weak, theét poorest being clearly the most vulnerablegro
Reasons for the weak resilience include villagekitively homogenous livelihood structures, ungmternance
practices, increasing inequality and the lack qgfarfunities for livelihood diversification. It isoacluded that
while climate change is likely to pose a remarkaiblallenge to people’s livelihoods in the longenteclimate
change adaptation activities should also takeadntmunt other environmental changes. Equally afiticthe
understanding of the broader socio-political cohgad its dynamics in increasing—and decreasingelitieod
resilience.
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Surface ocean iron (Fe) fertilization can affée marine primary productivity (MPP), thereby imipag on CO2
exchanges at the atmosphere-ocean interface antueaihg on climate. Mineral (aeolian or desert) tdaknown
to be a major atmospheric source for the surfaesambiogeochemical iron cycle, but the significaoiceolcanic
ash is poorly constrained. We present the restiisachemical experiments aimed at determiningadbpéd
release of Fe upon contact of pristine volcanicveigih seawater, mimicking their dry deposition itte surface
ocean. Our data show that volcanic ash from bdbkdsction zone and hot spot volcanoes (n = 44 sanple
rapidly mobilized significant amounts of solubleiRto seawater (35—-340 nmol/g ash), with a sugdegitabal
mean of 200 + 50 nmol Fe/g ash. These values anpa@ble to the range for desert dust in experisnant
seawater pH (10-125 nmol Fe/g dust) presenteckifitérature (Guieu et al., 1996; Spokes et ab6)9
Combining our new Fe release data with the caledlash flux from a selected major eruption intodbean as a
case study demonstrates that single volcanic engptiave the potential to significantly increasedbrface




ocean Fe concentration within an ash fallout ad@aalso constrain the long-term (millennial-scaeporne
volcanic ash and mineral dust Fe flux into the fia€@cean by merging the Fe release data with ggodbflux
estimates. These show that the input of volcarharas the Pacific Ocean (128-221 x 1015 g/ka)ithiwthe
same order of magnitude as the mineral dust irg8#519 x 1015 g/ka) (Mahowald et al., 2005). From t
similarity in both Fe release and particle fluxdels that the flux of soluble Fe related to the deposition of
volcanic ash (3—75 x 109 mol/ka) is comparablén&h 6f mineral dust (1-65 x 109 mol/ka). Our sttiusrefore
suggests that airborne volcanic ash is an impohiainhitherto underestimated atmospheric sourcéhfoPacific
surface ocean biogeochemical iron cycle.
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David Orr explains how two environmentalists' nfiesiios bracket the debate on climate change —anmaifing
technological solutions, the other local intervens.
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Recent suggestions to slow down the increasenosiheric carbon dioxide have included ocean ifeatibn by
addition of the micronutrient iron to Southern Qtesarface waters, where a number of natural aiftcedtiron
fertilization experiments have shown that low ambieon concentrations limit phytoplankton gromt¥sing a
coupled carbon-climate model with the marine biglegesponse to iron addition calibrated againtt ttam
natural iron fertilization experiments, we examiiegeochemical side effects of a hypothetical levgale
Southern Ocean Iron Fertilization (OIF) that neetd¢ considered when attempting to account foripless
OIF-induced carbon offsets. In agreement with eadiudies our model simulates an OlIF-induced as®en
local air-sea C&fluxes by about 60 GtC over a 100-year periodcwlsimounts to about 40% of the OIF-induced
increase in organic carbon export. Offsetting, @&urn fluxes outside the region and after stogpire
fertilization at 1, 7, 10, 50, and 100 years ararqiied for a typical accounting period of 100 sgeed-or
continuous Southern Ocean iron fertilization, theim flux outside the fertilized area cancels &84 of the
fertilization-induced C@air-sea flux within the fertilized area on a 1QQiynescale. This "leakage" effect has a
similar radiative impact as the simulated enhancgmmemarine NO emissions. Other side effects not yet
discussed in terms of accounting schemes inclutbzeease in Southern Ocean oxygen levels and dtaimaaus
shrinking of tropical suboxic areas, and acceleratean acidification in the entire water columithia Southern
Ocean on the expense of reduced globally averagéatce water acidification. A prudent approachaoaunt for
the OIF-induced carbon sequestration would acclmurglobal air-sea C&Xluxes rather than for local fluxes into
the fertilized area only. However, according to madel, this would underestimate the potentiabffsetting
CO, emissions by about 20% on a 100 year accountimgsttale. We suggest that a fair accounting scheme
applicable to both terrestrial and marine carba@usestration has to be based on emission offsétsrritan on
changes in individual carbon pools.
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Recent suggestions to reduce the accumulationtbf@ogenic carbon dioxide in the atmosphere hastaded
ocean fertilization by artificial upwelling. Our gpled carbon-climate model simulations suggestdtidicial
upwelling may, under most optimistic assumptioresable to sequester atmospheric,@0a rate of about 0.9
PgClyr. However, the model predicts that about 8)%he carbon sequestered is stored on land, esudt of
reduced respiration at lower air temperatures droagout by upwelling of cold waters. This remate a
distributed carbon sequestration would make manigoand verification particularly challenging. Acead
caveat predicted by our simulations is that whenaxtificial upwelling is stopped, simulated suiac
temperatures and atmospheric £&Oncentrations rise quickly and for decades tawres to levels even
somewhat higher than experienced in a world the¢mengaged in artificial upwelling.
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fire.” Current sub-national, national and internaal policy assumes that carbon sequestrationjé®fnuclear
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considered too novel or too dangerous to use hailk to be deployed at large scale, globally. Mg¥orward
with promising technologies that might preservéras the consequences of global warming will béiaift
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restrictive legislation and poor public image. Taek of a rational process of risk assessment abtigodecision
making is likely to lead to a poor longterm outcomreover, the standard administrative and palitic
processes used to assess such risks can taketymarthat we do not have. Principled and practical
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Quantitative scenarios are coming of age as ado@valuating the impact of future socioeconodegwelopment
pathways on biodiversity and ecosystem servicesaliédyze global terrestrial, freshwater, and marine
biodiversity scenarios using a range of measu@ading extinctions, changes in species abunddratstat loss,
and distribution shifts, as well as comparing maafejections to observations. Scenarios consistémticate
that biodiversity will continue to decline over tB&st century. However, the range of projected ghaiis much
broader than most studies suggest, partly bechase &re major opportunities to intervene througiteln
policies, but also because of large uncertaintigs ojections.
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We show that the distributions of both exploited amonexploited North Sea fishes have respondekaulyrto
recent increases in sea temperature, with neadsttwds of species shifting in mean latitude opttieor both
over 25 years. For species with northerly or salygh@ange margins in the North Sea, half have shbeumdary
shifts with warming, and all but one shifted norttrd. Species with shifting distributions have fasife cycles
and smaller body sizes than nonshifting speciegh&utemperature rises are likely to have profoumghcts on
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Our paper documents that land-use change impegitsial and global climate through the surface-gner
budget, as well as through the carbon cycle. ThHaserenergy budget effects may be more importaan the
carbon-cycle effects. However, land-use impactslomate cannot be adequately quantified with thealimetric
of 'global warming potential’. A new metric is neddo quantify the human disturbance of the Earth's
surface-energy budget. This 'regional climate chgrgential' could offer a new metric for develapamore
inclusive climate protocol. This concept would alsplicitly provide a mechanism to monitor potehtia
local-scale environmental changes that could imiteebiodiversity.
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How big is the energy challenge of climate chanfj@® technological advances needed to stabilize
carbon-dioxide emissions may be greater than wik thirgue Roger Pielke Jr, Tom Wigley and Chriséwph
Green. The United Nations Climate Conference in iBe2007 set the world on a two-year path to nizgeta
successor to the 1997 Kyoto Protocol. Yet not ¢liermost rosy-eyed delegate could fail to recogtiaée
stabilizing atmospheric carbon-dioxide concentrais an enormous undertaking.
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A climatic series (1941 to 1994) from a Mediteran locality of NE Spain was used to calculate widfire
hazard indices based on daily meteorological d&dth fire hazard indices increased over this perasda
consequence of increasing mean daily maximum testynrer and decreasing minimum daily relative hurpidit
These trends were observed in both mean valuégahdlices and in the number of very high risk déysual
data on the number of wildfires and burned area sti®w an increase from 1968 to 1994, and arefgigntly
correlated with both fire hazard indices. Althougher nonmeteorological causes (e.g., human desyifuel
accumulation) have likely contributed to the obsérincrease of wildfires, an effect of climatic wamg on
wildfire occurrence is supported by this relatiapsh
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The Intergovernmental Panel on Climate Changenassthe warming of the climate system, associdtiag
increase of global average temperature to the ebdéncrease of the anthropogenic greenhouse ¢d&)G
concentrations in the atmosphere. Carbon dioxid@2)ds considered the most important GHG, due¢o th
dependence of world economies on fossil fuels esitheir combustion processes are the most impastantes
of this gas. CO2 concentrations are increasinperidast decades mainly due to the increase of@mlgenic
emissions. The processes involving CO2 capturestordge is gaining attention on the scientific camity as
an alternative for decreasing CO2 emission, reduitgnconcentration in ambient air. However, selvera
technological, economical and environmental issisesell as safety problems remain to be solvedy aadhe
following needs: increase of CO2 capture efficiemeguction of process costs, and verificationrofimnmental
sustainability of CO2 storage. This paper aimsetoaw the recent developments (from 2006 until now}he
carbon capture and storage (CCS) methodologiesi@pdtention was focused on the basic findindseaed in
CCS operational projects.
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The potential of agriculture, forestry, and otlard uses to sequester carbon offers a powerfuf@ogontrolling
the global climate regime, but practices capabler@ting ‘collateral’ benefits for landscape comagon have




thus far been disregarded. This paper calls fatgréntegration of scattered trees into agricaltlandscapes,
hypothesizing that agroforestry practices effedyigtore carbon and deliver other important ec@systervices
as well. Several agroforests from the Upper Lusaa in eastern Germany have been selected fiysend hey
cover relatively large areas of land (8.2%), evdthiwthis intensively used agricultural landscagaed their
extent increased from 1964—-2008 by 19.4%. Practitesnserving or promoting six agroforest classes
compared with a catalogue of essential propertiebécoming effective ‘carbon offset projects’.t€nia from
mandatory and voluntary carbon markets for carleguastration are then applied (additionality, baes|
permanence, and carbon leakage). The study corscthdesteps towards realization of ‘carbon segagésih
projects’ should include collecting empirical evide regarding the carbon sequestration potenti@noperate
agroforestry systems, developing localized demanstr projects, and upscaling these projects tbogaate in
established carbon markets.
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Carbon capture and storage (CCS) is considerestimg to be a promising technology to reduce graesggas
emissions, and advocates are seeking policiesiiddte its deployment. Unlike many countries, afhapproach
the development of policies for geologic storag&)Gf carbon dioxide (CQwith nearly a blank slate, the U.S.
already has a mature policy regime devoted torjeetion of CQ into deep geologic formations. However, the
existing governance of Ghjection is designed to manage enhanced oil regq#OR), and policy changes
would be needed to manage the risks and benef©eofnjection for the purpose of avoiding GHG emission
We review GS policy developments at both the Ueflefal and state levels, including original redeant state
GS policy development. By applying advocacy caatitiramework theory, we identify two competing ¢toahs
defined by their beliefs about the primary purpos€G; injection: energy supply or greenhouse gas (GHG)
emission reductions. The established energy coalis the beneficiary of the current policy regiribeir vision
of GS policy is protective: to minimize harm to $dsenergy industries if climate policy were todigacted. In
contrast, the newly formed climate coalition seekshange existing GS policy to support their ptivacvision:
to maximize GHG reductions using CCS when climat&p is enacted. We explore where and at whatescal
legislation emerges and examine which institutigais prominence as drivers of policy change. Thihoaig
detailed textual analysis of the content of stagel€gislation, we find that the energy coalitiors had greater
success than the climate coalition in shaping $date to align with its policy preferences. It lesshrined its
view of the purpose of COnjection in state legislation, delegated autlydiar GS to state agencies aligned with
the existing policy regime, and protected the E@fus quo, while creating new opportunities for EQiferators
to profit from the storage of GOhe climate coalition's objective of proactivelytiing GS policy in place has
been furthered, and important progress has beee oradommonly held concerns, such as the resolafion
property rights issues, but the net result is yatitange that does not significantly revise thesteng policy
regime.

Poumadeére, M., R. Bertoldo, et al. (2011). "Pupbcceptions and governance of controversial tecignes to tackle

climate change: nuclear power, carbon capture emdge, wind, and geoengineering.” Wiley Intergioary Reviews:

Climate Change: in press-in press DOI: 10.1002/A:8:t.

Available at: http://onlinelibrary.wiley.com/doi/10.1002/wcc 4/aull
The role carbon emissions play in contributingltmate change makes clear the necessity for aaglob
reconsideration of current modes of energy prodacin recent years, as concerns over the thréatsrate
change (CC) have become more acute, four techresdgive notably risen to the forefront of acadeanit
public discourse: nuclear power, carbon capturestmége (CCS), wind power, and geoengineering. The
particular interest of these four approaches hase fact that they reflect both energy productiad climate
control technologies, are often socially controis@raind present complex challenges of governaiduaelear and
wind power both deserve an important place amoagdhiety of low-carbon energy options. In courstiiéhere
public acceptance is evaluated, although, supportdclear energy appears to be conditional upoanlsaneous
development of other renewable energies alongsidasible plan to address the disposal of nucleastav The
Fukushima accident sharply increased public conakout the safety and vulnerability of nuclear teesc While
wind power receives general public support, issfi@ecommodation can arise when it comes to swimgl
farms. Persistent dependency upon carbon-prodeciaeggy has made favorable the option of CCS. Homave
addition to technical and geological factors, slogaistance to the placement of carbon storags tgmnains a
key obstacle. Geoengineering offers the technotbgigpacity to directly act on the climate shoeaels of




atmospheric Cobecome dangerously high. Public perception reggrtlie risk of climate change can be labile,
and the alternatives reviewed here share the deaisicc that their technical and political dimemss are
intertwined. The variety of options for combiningdaimplementing these technologies, coupled wi¢h th
inherently time-sensitive nature of CC, unders¢beecomplexity of the endeavor. In order to britlyese

various levels of analysis and decision making, tartoetter understand and integrate people's ievobnt,
exercises in risk governance could be developédthatthe national and international levels
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The term ‘carbon sequestration’ is commonly usedetscribe any increase in soil organic carbon (S@6tent
caused by a change in land management, with thiecatipn that increased soil carbon (C) storagegaies
climate change. However, this is only true if then@gement practice causes an additional net traofstzfrom
the atmosphere to land. Limitations of C sequdsetrdobr climate change mitigation include the feliog
constraints: (i) the quantity of C stored in seifinite, (ii) the process is reversible and @en if SOC is
increased there may be changes in the fluxes ef giieenhouse gases, especially nitrous oxig@)snd
methane. Removing land from annual cropping andedimg to forest, grassland or perennial crop$meihove
C from atmospheric C£and genuinely contribute to climate change mitggatHowever, indirect effects such as
conversion of land elsewhere under native vegetatiagriculture could negate the benefit througiteased
CO2 emission. Re-vegetating degraded land, ofdisnitalue for food production, avoids this probléwding
organic materials such as crop residues or aniraaune to soil, whilst increasing SOC, generallysdoet
constitute an additional transfer of C from the @tphere to land, depending on the alternativeditiee residue.
Increases in SOC from reduced tillage now appebetmuch smaller than previously claimed, at least
temperate regions, and in some situations increldgedemission may negate any increase in stored C. The
climate change benefit of increased SOC from erdgdhooop growth (for example from the use of fezdits)
must be balanced against greenhouse gas emisssoated with manufacture and use of fertilizer. A
over-emphasis on the benefits of soil C sequestratiay detract from other measures that are atdsasffective
in combating climate change, including slowing deftation and increasing efficiency of N use ineortt
decrease pD emissions.
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The debate on the risks and opportunities of ggioeering is currently gaining momentum. The
Intergovernmental Panel on Climate Change is,Heffirst time, assessing the scientific basis dbagehe
potential impacts and side effects of geoenginggsmposals in their Fifth Assessment Report, wigch
scheduled to be finalised in 2014. The Asia0-Pacédgion needs to participate in this debate. NS Alert
highlights the climate change challenges in theA%&cific and their likely impacts. It identifidzée initial steps
that may facilitate a discussion to investigategbtential role of geoengineering techniques ipoese to those
challenges: regional consultations, scenario-bogidand public and civil society engagement.
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The surface warming due to emissions of black@aderosols over the second half of the twentiettiwry has
been identified in observations. These findings wfbrm debate over the climatic effects of cofiing such
emissions.
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More than twenty years ago, a biological regutatbclimate was proposed whereby emissions of ttiyhe
sulphide from oceanic phytoplankton resulted inftrenation of aerosol particles that acted as cloud
condensation nuclei in the marine boundary layethis hypothesis—referred to as CLAW—the incraase
cloud condensation nuclei led to an increase inccklbedo with the resulting changes in temperatoce
radiation initiating a climate feedback alteringnéihyl sulphide emissions from phytoplankton. Qther past
two decades, observations in the marine boundgey,léaboratory studies and modelling efforts hbgen



conducted seeking evidence for the CLAW hypothddis. results indicate that a dimethyl sulphide dhatal
control over cloud condensation nuclei probablysdoat exist and that sources of these nuclei toniwene
boundary layer and the response of clouds to clsangserosol are much more complex than was rezedni
twenty years ago. These results indicate thattitris to retire the CLAW hypothesis.

Ramanamanijato, J.-B. and J. U. Ganzhorn (2001je¢&f of forest fragmentation, introduced Rattugisaand the role
of exotic tree plantations and secondary vegetdtiothe conservation of an endemic rodent andaldemur in littoral
forests of southeastern Madagascar." Animal Coaservd: 175-183 DOI: 10.1017/s1367943001001202
Available at: http://onlinelibrary.wiley.com/doi/10.1017/S136#001001202/abstract
We sought to assess the effects of forest fragatient introducedRattus rattus, exotic tree plantations and
secondary vegetation on the endemic rodinirus webbi (Nesomyinae) and the lemiticrocebus murinusin
the littoral forests of southern Madagascar. Eawebbi the number of individuals caught, the body mass of
males and the percentage of females in the popuolatere positively correlated with the size of theest
fragments. Capture rates and population charatitsrisf the other two species were uncorrelatetl fwiigment
size. None of the endemic species was caught eutsédnative forest whilB. rattus inhabited all vegetation
formations except for a newly planted corridorregtsaplings. Capture rates of both endemic speaes
uncorrelated with the number Bf rattus caught at the same site and thus did not indregtiacement of native
species by rattus. The study demonstrated negative effects of fraggation on capture rates Bf webbi and
changes in their population characteristics. Exioéie plantations or secondary vegetation seempiesent
unsuitable or marginal habitats for the endemicigse
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General circulation model computations using by fubupled ocean—atmosphere model indicate tha¢asing
cloud reflectivity by seeding maritime boundarydayglouds with particles made from seawater mayp=smsate
for some of the effects on climate of increasingegthouse gas concentrations. The chosen seeditegst(one
of many possible scenarios) can restore globabaesrof temperature, precipitation and sea icegsept day
values, but not simultaneously. The response vaona$inearly with the extent of seeding, and geass®ying
generates local changes to important climatic featurhe global tradeoffs of restoring ice covad aooling the
planet, must be assessed alongside the local chémgémate features.

Rasch, P. J., S. Tilmes, et al. (2008). "An ovemid geoengineering of climate using stratosphswiphate aerosols."
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We provide an overview of geoengineering by ssplteric sulphate aerosols. The state of undersigdiout
this topic as of early 2008 is reviewed, summagzime past 30 years of work in the area, highlighiome very
recent studies using climate models, and discussgthods used to deliver sulphur species to tla¢osiphere.
The studies reviewed here suggest that sulphatsa@srcan counteract the globally averaged temperat
increase associated with increasing greenhouses,gase reduce changes to some other componeltts Bfrth
system. There are likely to be remaining regiofialate changes after geoengineering, with somensgi
experiencing significant changes in temperatunerecipitation. The aerosols also serve as surflaces
heterogeneous chemistry resulting in increasedeodepletion. The delivery of sulphur species to the
stratosphere in a way that will produce patrticlethe right size is shown to be a complex and patty very
difficult task. Two simple delivery scenarios asg@kred, but similar exercises will be needed fibreo suggested
delivery mechanisms. While the introduction of gemengineering source of sulphate aerosol willuplerthe
sulphur cycle of the stratosphere signicantlys & ismall perturbation to the total (stratosphackteoposphere)
sulphur cycle. The geoengineering source would lieua small contributor to the total global sowt#cid rain'
that could be compensated for through improvedugoh control of anthropogenic tropospheric sour&sne
areas of research remain unexplored. Although ormmebe depleted, with a consequent increase & sol
ultraviolet-B (UVB) energy reaching the surface angotential impact on health and biological popaies, the
aerosols will also scatter and attenuate thisgdathie energy spectrum, and this may compensate\tie
enhancement associated with ozone depletion. Tiesalevill also change the ratio of diffuse to direnergy
reaching the surface, and this may influence etesys The impact of geoengineering on these conmisioé
the Earth system has not yet been studied. Repgagiers for the formation, evolution and removabefosol




and distribution of particle size are still veryude, and more work will be needed to gain configéancour
understanding of the deliberate production of thass of aerosols and their role in the climateéesys
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A lab-scale seawater/mineral carbonate gas scrutdiefound to remove up to 97% of CO(2) in a sated flue
gas stream at ambient temperature and pressuteavdtge fraction of this carbon ultimately cortedrto
dissolved calcium bicarbonate. After full equiliboa with air, up to 85% of the captured carbon wetained in
solution, that is, it did not degas or precipitdtbus, above-ground CO(2) hydration and minerb@aate
scrubbing may provide a relatively simple point+®suCO(2) capture and storage scheme at coastdidos.
Such low-tech CO(2) mitigation could be especigdlgvant for retrofitting to existing power plartsd for
deployment in the developing world, the primaryrsewf future CO(2) emissions. Addition of the ésg
alkaline solution to the ocean may benefit maric@sgstems that are currently threatened by acadiin, while
also allowing the utilization of the vast potentiéithe sea to safely sequester anthropogenic caftios
approach in essence hastens Nature's own veryiefféut slow CO(2) mitigation process; carbonatearal
weathering is a major consumer of excess atmospB€r(2) and ocean acidity on geologic times scales.
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Electrochemical splitting of calcium carbonatey(eas contained in limestone or other mineralgkjdored as a
means of forming dissolve hydroxides for absorbmeytralizing, and storing carbon dioxide, andréstoring,
preserving, or enhancing ocean calcification. Wadeentially insoluble in water, CaCO3 can be dissbin the
presence of the highly acidic anolyte of a watectblysis cell. The resulting charged constitue@ts+ and CQ
(2-), migrate to the cathode and anode, respeygtit@iming Ca(OH) on the one hand and.€&0; (or H,O and
CO,) on the other. By maintaining a pH between 6 arelBsequent hydroxide reactions with g@marily
produce dissolved calcium bicarbonate, Ca(H)€&q. Thus, for each mole of Cag€plit there can be a net
capture of up to 1 mol of GOCa(HCQ)2aq is thus the carbon sequestrant that can ediand stored in the
ocean, in natural or artificial surface water regees, or underground. The theoretical work requieat for the
reaction is 266 kJe per net mole £g0nsumed. Even with inefficiencies, a realizedamatrgy expenditure lower
than the preceding quantity appears possible cerisglenergy recovery via oxidation of the ptoduced. The
net process cost is estimated to be <$100/tonnen@@ated. An experimental demonstration of theaapt is
presented, and further implementation issues aisgsed.
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The reaction of a mineral carbonate, such as tones with water and CO2 to form bicarbonate imugoh, is
explored as a COnitigation strategy. Initial cost estimates foclsa process range from $18 to $128 per tonne
CO, sequestered, with an energy penalty of about 8yt relatively low environmental impact. The i@ggl
availability and transport of water and mineralbzarate appear to be the primary determinants ddttagegy’s
cost and applicability. The bicarbonate-rich wasteient would be released into rivers or coastaiess,
ultimately adding a small amount to the existinggryMarge bicarbonate reservoir in the ocean. Faomym
applications, this form of ‘marine’ carbon sequatitm appears to be less costly, less affectechbigmal and
international regulations, more environmentallgfdly and more effective over the long term thaediCQ
injection into the ocean.

Raupach, M. R., P. J. Rayner, et al. (2005). "Mald¢h synthesis in terrestrial carbon observatinethods, data
requirements and data uncertainty specificatio@fobal Change Biolog$1: 378-397 DOI:
10.1111/j.1365-2486.2005.00917.x
Available at: http://onlinelibrary.wiley.com/doi/10.1111/j.136%186.2005.00917.x/abstract
Systematic, operational, long-term observatiorthefterrestrial carbon cycle (including its intians with
water, energy and nutrient cycles and ecosysterardigs) are important for the prediction and manaagerof
climate, water resources, food resources, biodiyesad desertification. To contribute to theselgpa terrestrial
carbon observing system requires the synthesievafral kinds of observation into terrestrial biosgghmodels




encompassing the coupled cycles of carbon, watergg and nutrients. Relevant observations include
atmospheric composition (concentrations of,@@d other gases); remote sensing; flux and process
measurements from intensive study sites; in sigetation and soil monitoring; weather, climate and
hydrological data; and contemporary and histottizdh on land use, land use change and disturbgrazr(g,
harvest, clearing, fire). A review of model-datatyesis tools for terrestrial carbon observatie@ntdies
‘nonsequential’ and ‘sequential’ approaches as negtegories, differing according to whether datateeated
all at once or sequentially. The structure undagdybhoth approaches is reviewed, highlighting sdJmasic
commonalities in formalism and data requirementse8sential commonality is that for all model-dgtathesis
problems, both nonsequential and sequential, datertainties are as important as data values thHegssand
have a comparable role in determining the outcd@bneen the importance of data uncertainties, thesniurgent
need for soundly based uncertainty characterizafionthe main kinds of data used in terrestriaboa
observation. The first requirement is a specifwabf the main properties of the error covarianegrim As a
step towards this goal, semi-quantitative estimatesnade of the main properties of the error casae matrix
for four kinds of data essential for terrestrialbzm observation: remote sensing of land surfaopggties,
atmospheric composition measurements, direct flagsarements, and measurements of carbon stores.

Ravindranath, N. H. and M. Ostwald (2008). Carborehtory Methods Handbook for Greenhouse Gas lovent
Carbon Mitigation and Roundwood Production ProjeStginger Verlag, Advances in Global Change Refear
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Reiner, D. (2011). "Sociology: Learning lessonsarbon storage." Nature Climate Chaig86-98 DOI:

10.1038/nclimate1103

Available at: http://www.nature.com/doifinder/10.1038/nclimai€B
Carbon capture and storage demonstration praeet®cused on learning about technologies through
conventional 'learning by doing'. Analysis of thoeesse studies indicates that including other tyjfésarning
could bring significant rewards.
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Intentional interventions in global physical, cheah, and biological systems on a massive scaleemeiving
increasing attention in hopes of reducing the thoéanthropogenic climate change. Known as climate
engineering, or geoengineering, research is mdwangard, but regulation remains inadequate, dygait to
significant regulatory challenges. This essay &sskeat key to overcoming these regulatory chakeng
distinguishing between the two primary forms ofr@te engineering, and between deployment and r¥sdane
of climate engineering's two primary forms, carllioxide removal, can largely be addressed througgtieg
legal instruments. In the case of solar radiati@amagement, the other primary form, focusing iritiah
research can bypass the geopolitical quagmire gbgment. Two other major challenges to developing
regulation for solar radiation management resegegtain: establishing regulatory legitimacy, andadeping an
appropriate definition of research. Potential ratpry forms include centralized international leigatruments,
fully or partially private transnational networks)d norms developed from the bottom up.

Richardson, A. J. and D. S. Schoeman (2004). "Gérimapact on plankton ecosystems in the Northetan#c."
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It is now widely accepted that global warming égarring, yet its effects on the world's largesisystem, the
marine pelagic realm, are largely unknown. We stimat sea surface warming in the Northeast Atlagtic
accompanied by increasing phytoplankton abundanceadler regions and decreasing phytoplankton adourel
in warmer regions. This impact propagates up tbd feeb (bottom-up control) through copepod herl#gdp
zooplankton carnivores because of tight trophigtiog. Future warming is therefore likely to altbe spatial
distribution of primary and secondary pelagic prithn, affecting ecosystem services and placingtiadel
stress on already-depleted fish and mammal popukati
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Concerns about the slow pace of climate mitigaiave led to renewed dialogue about solar-radiation
management, which could be achieved by addingatéflg aerosols to the stratosphere. Modelling studi
suggest that solar-radiation management could pmsdtabilized global temperatures and reduced floba
precipitation4, 5, 6. Here we present an analyisiegional differences in a climate modified byageladiation
management, using a large-ensemble modelling arpatithat examines the impacts of 54 scenarioglétral
temperature stabilization. Our results confirm s@ar-radiation management would generally leddds
extreme temperature and precipitation anomalieapaned with unmitigated greenhouse gas emissions.
However, they also illustrate that it is physicallyt feasible to stabilize global precipitation aachperature
simultaneously as long as atmospheric greenhowuseaqaentrations continue to rise. Over time, satea
temperature and precipitation in large regions schina and India vary significantly with diffatérajectories
for solar-radiation management, and they divergmfhistorical baselines in different directions nile, it may
not be possible to stabilize the climate in alioag simultaneously using solar-radiation manageniegional
diversity in the response to different levels dasgadiation management could make consensus deut
optimal level of geoengineering difficult, if nahpossible, to achieve.
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Open Access Article* Availableat: http://www.cfr.org/content/thinktank/GeoEng_Jan27aif
There are a variety of strategies, such as imgdight-reflecting particles into the stratosphehat might be
used to modify the Earth’s atmosphere-ocean systemn attempt to slow or reverse global warmind.oAthese
"geoengineering" strategies involve great uncefgaand carry significant risks. They may not woskexpected,
imposing large unintended consequences on thetelisystem. While offsetting warming, most strategise
likely to leave other impacts unchecked, such @ifaxation of the ocean, the destruction of corsfs, and
changes in composition of terrestrial ecosystenas, despite uncertain and very negative potentiabequences,
geoengineering might be needed to avert or re\gense dramatic change in the climate system, susbwasal
meters of sea level rise that could impose disastdrundreds of millions of people. Unlike the ¢ohof
greenhouse gas emissions, which must be undertakath major emitting nations to be effective aadikely to
be costly, geoengineering could be undertaken tuaitd unilaterally by a single party, at relativéw cost.
Unilateral geoengineering, however, is highly liked impose costs on other countries and run maisthe
entire planet’s climate system. This workshop faittus on the question of strategies for constrgimind shaping
geoengineering. We will explore formal, legal stges as well as informal efforts to create norfmag ¢tould
govern testing and deployment of geoengineerintesys and their possible undesirable consequencesvilv
probe whether it is possible to limit the use abg@gineering to circumstances of collective ackigithe
international community in the face of true globalergencies and what might happen when there spatds
over when the emergency “trigger” should be pulled.
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Staying within the 2 C temperature increase tdiayetlimate change requires for ambitious emissemuction
targets for the 2012—-2020 compliance period. Ciigti@ncy is a crucial criterion for the achievenefi such
targets, requiring analyses of all possible opti@rhancing the oceanic carbon sink via oceanfedilization
(OIF) provides such an option. Our analysis revewsthe critical unit costs per net ton of COgusestered by
OIF range from 22 to 28 USD (price level 2000) ipcsst-Kyoto compliance scenario. The critical waists are
defined as those that would make an emitter ingiffebetween various abatement options. With rater¢o
hypothetical short-term large-scale Southern O€3&we are able to show that seven years of OlFigeoa
number of credits exceeding those obtainable frima) forestation projects lasting 20 years. Franeeonomic
perspective, our results indicate that OIF candmsiclered a potentially viable carbon-removal aptidowever,
further research is needed, especially on advetseeffects and their ecological and economicakeguences.

Ridgwell, A., T. J. Rodengen, et al. (2011). "Gexuipical variations in the effectiveness and sifieced of deep ocean
carbon sequestration.” Geophysical Research L&8drOI: 10.1029/20119l048423
Available at: http://www.agu.org/pubs/crossref/2011/2011GL0O4B4BtmI
The capture and injection of carbon dioxide (C(DR) the deep ocean could provide a relatively argn
mitigation of climate change, but would come atékpense of enhancing acidification at the seafl\dfe




employ an Earth system model to survey the regidiff@rences in the effectiveness and side effetG0O,
injection. Sequestration efficiency, as calculatddtive to the ‘natural’ invasion from the atmosphthat would
occur in the absence of mitigation, is highestifiggction in the deep NW Pacific, but can be negator shallow
sites. For higher climate sensitivities and gresitel emissions, sequestration efficiency is eskdndecreasing
the relative cost and increasing its potential @ala a form of mitigation. However, g@jection increases the
total area of seafloor bathed in under-saturataénsawith Atlantic sites inducing particularly d@r increases in
seafloor undersaturation as well as having lessrédle sequestration efficiency.
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The likelihood that continuing greenhouse-gas simis will lead to an unmanageable degree of cérmhange
has stimulated the search for planetary-scale t#apical solutions for reducing global warming
("geoengineering"), typically characterized by tleeessity for costly new infrastructures and indest We
suggest that the existing global infrastructureeisgéed with arable agriculture can help, givert thap plants
exert an important influence over the climatic gydvudget because of differences in their albedt@(s
reflectivity) compared to soils and to natural viagien. Specifically, we propose a "bio-geoengimegr
approach to mitigate surface warming, in which crapeties having specific leaf glossiness andémopy
morphological traits are specifically chosen to imaze solar reflectivity. We quantify this by moyiihg the
canopy albedo of vegetation in prescribed cropkmeds in a global-climate model, and thereby esgiriee
near-term potential for bio-geoengineering to Bei@mmertime cooling of more than 1 degrees C through
much of central North America and midlatitude Eiaasquivalent to seasonally offsetting approxirnyate
one-fifth of regional warming due to doubling ofretspheric CO(2). Ultimately, genetic modificationptant
leaf waxes or canopy structure could achieve gréameperature reductions, although better charaetén of
existing intraspecies variability is needed first.
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Costs, benefits, and harms associated with geneagng must be assessed before it is used toat@taimate
change.
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Robock, A., M. Bunzl, et al. (2010). "Atmospher@ence. A test for geoengineering?" ScieB2é 530-531 DOI:
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Scientific and political interest in the possityilof geoengineering the climate is rising (1). fehare currently no
means of implementing geoengineering, but if aleisdchnology is produced in the next decade, hawldcit be
tested? We argue that geoengineering cannot leeltesthout full-scale implementation. The initiabguction
of aerosol droplets can be tested on a small doatdyow they will grow in size (which determinég tinjection
rate needed to produce a particular cooling) cay lmmtested by injection into an existing aeradoud, which
cannot be confined to one location. Furthermoratier and climate variability preclude observatibthe
climate response without a large, decade-longrigrcsuch full-scale implementation could disrumido
production on a large scale.
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Injecting sulfate aerosol precursors into thetgighere has been suggested as a means of ge@zimgjrie cool
the planet and reduce global warming. The decigiomplement such a scheme would require a congan$
its benefits, dangers, and costs to those of edsgonses to global warming, including doing nathidere we
evaluate those factors for stratospheric geoengimewith sulfate aerosols. Using existing U.S.itaily fighter
and tanker planes, the annual costs of injectingsaéprecursors into the lower stratosphere woeldeveral
billion dollars. Using artillery or balloons to tahe gas would be much more expensive. We doang Bnough
information to evaluate more exotic techniqueshsag pumping the gas up through a hose attacheetbtwer or
balloon system. Anthropogenic stratospheric aeriogattion would cool the planet, stop the meltofgea ice
and land-based glaciers, slow sea level rise, moréase the terrestrial carbon sink, but produgemnal drought,
ozone depletion, less sunlight for solar power, madte skies less blue. Furthermore it would hamper
Earth-based optical astronomy, do nothing to stigan acidification, and present many ethical anchhissues.
Further work is needed to quantify many of thestof® to allow informed decision-making.
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injections." Journal of Geophysical Reseat&B: D16101-D16101 DOI: 10.1029/2008jd010050
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Anthropogenic stratospheric aerosol productiorgsto reduce solar insolation and cool Earth peas
suggested as an emergency response to geoengiegaanet in response to global warming. While anic
eruptions have been suggested as innocuous exaofiggatospheric aerosols cooling the planetytieano
analog actually argues against geoengineering beazftozone depletion and regional hydrologic and
temperature responses. To further investigatelitmaie response, here we simulate the climate respto both
tropical and Arctic stratospheric injection of suéf aerosol precursors using a comprehensive ah@spcean
general circulation model, the National Aeronauéind Space Administration Goddard Institute forcgpa
Studies ModelE. We inject S@nd the model converts it to sulfate aerosolssfrarts the aerosols and removes
them through dry and wet deposition, and calculdtexlimate response to the radiative forcing fitbm
aerosols. We conduct simulations of future climaité the Intergovernmental Panel on Climate ChahgB
business-as-usual scenario both with and withooemgineering and compare the results. We findithia¢re
were a way to continuously inject $dto the lower stratosphere, it would produce glatmoling. Tropical S©
injection would produce sustained cooling over nadghe world, with more cooling over continentscéic SGQ
injection would not just cool the Arctic. Both tiopl and Arctic S@injection would disrupt the Asian and
African summer monsoons, reducing precipitatiotheofood supply for billions of people. These regib
climate anomalies are but one of many reasonstlyae against the implementation of this kind of
geoengineering.
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we propose quantifications for seven of them. €re=/en are climate change @@®ncentration in the
atmosphere <350 ppm and/or a maximum change of fi-2Mn radiative forcing); ocean acidification (ame
surface seawater saturation state with respectgmaite> 80% of pre-industrial levels); stratospheric ozone
(<5% reduction in @concentration from pre-industrial level of 290 Boh Units); biogeochemical nitrogen (N)
cycle (limit industrial and agricultural fixatiorf 8l2 to 35 Tg N yr-1) and phosphorus (P) cycle (airP inflow
to oceans not to exceed 10 times the natural baakgrABSTRACT. Anthropogenic pressures on the Earth
System have reached a scale where abrupt glob@bemental change can no longer be excluded. Wegs®a
new approach to global sustainability in which vedirte planetary boundaries within which we exphat t
humanity can operate safely. Transgressing oneooe planetary boundaries may be deleterious or even
catastrophic due to the risk of crossing threshtidswill trigger non-linear, abrupt environmentabnge within
continental- to planetary-scale systems. We haaetifiled nine planetary boundaries and, drawinguparent
scientific weathering of P); global freshwater ¢s4000 km3 yr-1 of consumptive use of runoff reseg); land
system change (<15% of the ice-free land surfademucropland); and the rate at which biologicakdsity is
lost (annual rate of <10 extinctions per millioresges). The two additional planetary boundariesifioich we
have not yet been able to determine a boundary é&gechemical pollution and atmospheric aerosadilng. We
estimate that humanity has already transgressed thanetary boundaries: for climate change, riate o




biodiversity loss, and changes to the global nigrogycle. Planetary boundaries are interdependeoguse
transgressing one may both shift the position b&€oboundaries or cause them to be transgresseddtial
impacts of transgressing boundaries will be a fonabf the social—ecological resilience of the efféel societies.
Our proposed boundaries are rough, first estin@ibs surrounded by large uncertainties and knoggegaps.
Filling these gaps will require major advancemémtSarth System and resilience science. The praposecept
of “planetary boundaries” lays the groundwork fbifting our approach to governance and manageraeray
from the essentially sectoral analyses of limitgrimwth aimed at minimizing negative externalitigsyard the
estimation of the safe space for human developridametary boundaries define, as it were, the bariesl of the
“planetary playing field” for humanity if we wan be sure of avoiding major human-induced enviramale
change on a global scale.
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Global forests could play an important role inigdting climate change. However, there are sigaific
implementation obstacles to accessing the worbdést carbon sequestration potential. The timingegional
participation and eligibility of sequestration aties are issues. The existing forest carbon sueglimates have
made optimistic assumptions about immediate, cohgrasive, and global access. They have also assuoned
interactions between activities and regions, aret tme. We use a global forest and land use mtodeValuate
these assumptions with more realistic forest cagmiicy pathways. We find that an afforestationygmblicy is
fundamentally flawed, accelerated deforestation beynavoidable, and a delayed comprehensive progra
could reduce, but not eliminate, near-term acctddrdeforestation and eventually produce sequistrat
equivalent to idealized policies — but with a diffiet sequestration mix than previously estimatedthgrs and
thereby different forests. We also find that affsation and avoided deforestation increase theafaste
another.
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Recent research has highlighted risks associatbdive use of climate engineering as a methodattfilizing
global temperatures, including the possibility abid climate warming in the case of abrupt rema¥al
engineered radiative forcing. In this study, weéhased a simple climate model to estimate theylikahge of
temperature changes associated with implementatidrremoval of climate engineering. In the absefice
climate engineering, maximum annual rates of wagmanged from 0.015 to 0.0T/year, depending on the
model’s climate sensitivity. Climate engineeringuked in much higher rates of warming, with thaperature
change in the year following the removal of climabgineering ranging from 0.13 to 0... High rates of
temperature change were sustained for two decatlewiing the removal of climate engineering; ravéshange
of 0.5 (0.3, 0.1yC/decade were exceeded over a 20 year period &th(Z5%, 100%) likelihood. Many
ecosystems could be negatively affected by theées od temperature change; our results suggestlihsite
engineering in the absence of deep emissions outd arguably constitute increased risk of dangerou
anthropogenic interference in the climate systedeuthe criteria laid out in the United Nationseavork
Convention on Climate Change. Keywords: geoenginggeclimate engineering, rapid climate.
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Forests both take up CO2 and enhance absorptismlanfradiation, with contrasting effects on globa
temperature. Based on a 9-year study in the foidistsimberline, we show that substantial carbeguestration
(cooling effect) is maintained in the large drynisgion zone (precipitation from 200 to 600 millitaes) by shifts
in peak photosynthetic activities from summer tdyespring, and this is counteracted by longwadiaton (L)
suppression (warming effect), doubling the foréstashortwave (S) albedo effect. Several decadeartfon
accumulation are required to balance the twofoldLSeffect. Desertification over the past seveedatles,
however, contributed negative forcing at Earthi$eme equivalent to approximately 20% of the global
anthropogenic CO2 effect over the same period, natidg warming trends.
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The increase in atmospheric £@ver this century depends on the evolution ofoiteanic air-sea Giptake,
which will be driven by the combined response sing atmospheric COtself and climate change. Here, the
future oceanic C@uptake is simulated using an ensemble of coupiedte—carbon cycle models. The models
are driven by C@emissions from historical data and the SpecialoRegn Emissions Scenarios (SRES) A2
high-emission scenario. A linear feedback analysecessfully separates the regional future (20108¥dceanic
CO, uptake into a C@induced component, due to rising atmospherig Gidcentrations, and a climate-induced
component, due to global warming. The models cephe observation-based magnitude and distribation
anthropogenic C@uptake. The distributions of the climate-inducethponent are broadly consistent between
the models, with reduced G@ptake in the subpolar Southern Ocean and the@tplaegions, owing to
decreased Csolubility; and reduced CQuptake in the midlatitudes, owing to decreased &€ubility and
increased vertical stratification. The magnitudehef climate-induced component is sensitive tolla@aming in
the southern extratropics, to large freshwaterdiuix the extratropical North Atlantic Ocean, amdrnall
changes in the Colubility in the equatorial regions. In key ampogenic CQuptake regions, the
climate-induced component offsets the £x@uced component at a constant proportion up th&iend of this
century. This amounts to approximately 50% in toghern extratropics and 25% in the southern extpats and
equatorial regions. Consequently, the detectiatliofate change impacts on anthropogenic G@iake may be
difficult without monitoring additional tracers, duas oxygen.
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Lack of available water constrains ecological psses for two-thirds of the earth’s biosphere. & eater
limitations are manifested as either physical weeficiency or as a chemical unavailability of wads a result of
being frozen. This article summarizes global ppfes of water limitations on the biosphere, andsptiggical
limitations on plants. It presents hydrometeoratafprinciples of evapotranspiration and organizogic of the
soil-vegetation—atmosphere transfer models commas¥yg to compute evapotranspiration. We then intred
remote sensing from both optical/thermal and afiagsive microwave sensors for calculating landssaple
evapotranspiration. Finally, we offer a multisenrbased integrated surface resistance to defines¢ape water
availability under all conditions.

Russell, B. D. and S. D. Connell (2010). "Honing heoengineering Strategy (Letter to ed.)." Sci®2Fe144-145
Available at: http://www.sciencemag.org/content/327/5962/14dli3.

Saba, V. S., M. A. M. Friedrichs, et al. (2010)h&llenges of modeling depth-integrated marine prynpaoductivity

over multiple decades: A case study at BATS and M@Global Biogeochemical Cycle®l: GB3020-GB3020 DOI:
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Available at: http://www.agu.org/pubs/crossref/2010/2009GBO@E@sBtm|
The performance of 36 models (22 ocean color nsoaledl 14 biogeochemical ocean circulation models
(BOGCMs)) that estimate depth integrated marinegprietary productivity (NPP) was assessed by compari
their output to in situ 14C data at the Bermudawtikt Time series Study (BATS) and the Hawaii Oc€ame
series (HOT) over nearly two decades. Specificalil] was assessed based on the models’ abiligstionate the
observed mean, variability, and trends of NPP. &hlsites, more than 90% of the models underestithnakean
NPP, with the average bias of the BOGCMs beinglyéaice that of the ocean color models. HoweViee, t
difference in overall skill between the best BOG@Ml the best ocean color model at each site was not
significant. Between 1989 and 2007, in situ NPBATS and HOT increased by an average of nearly 86 p
year and was positively correlated to the NorthifRaGyre Oscillation index. The majority of oceaalor
models produced in situ NPP trends that were clostire observed trends when chloroplaylvas derived from
high performance liquid chromatography (HPLC), eatthan fluorometric or SeaWiFS data. However, \Was a
function of time such that average trend magnitude more accurately estimated over longer timeodsri
Among BOGCMs, only two individual models succedgfproduced an increasing NPP trend (one modedett e
site). We caution against the use of models tosasswiltiannual changes in NPP over short time gsri@cean
color model estimates of NPP trends could impréwedre high quality HPLC chlorophyll a time serigsre
available.
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Using inorganic carbon measurements from an intemel survey effort in the 1990s and a tracer-tase
separation technique, we estimate a global oceanticopogenic carbon dioxide (@Qink for the period from
1800 to 1994 of 118 +/- 19 petagrams of carbon.ddsanic sink accounts for approximately 48% oftthal
fossil-fuel and cement-manufacturing emissions lying that the terrestrial biosphere was a net@of CQ to
the atmosphere of about 39 +/- 28 petagrams oboéidr this period. The current fraction of totatlaropogenic
CO, emissions stored in the ocean appears to be ahetthird of the long-term potential.

Sabine, C. L., M. Heimann, et al. (2004). Curreiat\% and Past Trends of the Global Carbon CycldhenGlobal Caron
Cycle: Integrating Humans, Climate, and the Natwalld. C. B. Field and M. R. Raupach. Washing®g@, Island
Press17-44.
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As an outcome of a workshop following Hurricandrie this paper extends ideas submitted to theaRoy
Society Call for Submissions on geoengineering. fiéguency and severity of hurricanes rise shafghe
surface temperature of the sea exceeds 26.5 Cislhézause of our definition of hurricane categmrather than
having anything to do with atmospheric physicsvéf can pump warm water downwards to below the
thermocline perhaps we can have gentle hurricddesigners of overtopping wave plant for energy gatien
want a high product of head and flow. But the hefadater needed to overcome the density differeheeto the
temperature drop with depth in many hurricane bregsites is often less than 200 mm. This mearnsabacan
use the horizontal movement of sea waves to movenilaough a wall of non-return valves into anlesare
with a down-tube reaching to the thermocline. Tlaerwater from above will mix with cold, nutriemteh
water, giving a mixture of an intermediate tempamatvhich will rise until it reaches the level bktsame
density, from where it will spread sideways. Ifsthayer is at 100 metres below the surface theltdaienough
daylight to allow the growth of phytoplankton. These efficient carbon absorbers and the stalteofitarine
food chain.

Salter, S., G. Sortino, et al. (2008). "Sea-goiaglwvare for the cloud albedo method of reversingagl warming."
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Following the review by Latham et al. (Latham le2808 Phil. Trans. R. Soc. A 366) of a strategyeduce
insolation by exploiting the Twomey effect, the gat paper describes in outline the rationale aklying
engineering hardware that may bring the strategy ftoncept to operation. Wind-driven spray vesaélssail
back and forth perpendicular to the local prevgilivind and release micron-sized drops of seawaterthe
turbulent boundary layer beneath marine stratocusnciouds. The combination of wind and vessel mearem
will treat a large area of sky. When residuesadétr drop evaporation reach cloud level they piilvide many
new cloud condensation nuclei giving more but senaltops and so will increase the cloud albedefiect solar
energy back out to space. If the possible poweease of 3.7W m-2 from double pre-industrial Gdivided
by the 24-hour solar input of 340W m-2, a glob&lkalo increase of only 1.1 per cent will producefésent
offset. The method is not intended to make newddolt will just make existing clouds whiter. Tigiaper
describes the design of 300 tonne ships powerdddtiner rotors rather than conventional sails. Véssels will
drag turbines resembling oversized propellers tjindbe water to provide the means for generatiegtetal
energy. Some will be used for rotor spin, but nwaiitbe used to create spray by pumping 30 kgs-dapéfully
filtered water through banks of filters and themtigro-nozzles with piezoelectric excitation to warop
diameter. The rotors offer a convenient housingsfiyay nozzles with fan assistance to help indigpersion.
The ratio of solar energy reflected by a drop atttp of a cloud to the energy needed to makeutiace area of
the nucleus on which it has grown is many ordemmadnitude and so the spray quantities needechieec
sufficient global cooling are technically feasible.
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global warming." Philosophical Transactions of R@yal Society A369: 85-98 DOI: 10.1098/rsta.2010.0283
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Climate models vary widely in their projectionshaith global mean temperature rise and regionalate
changes, but are there any systematic differemcesgional changes associated with different legeglobal
climate sensitivity? This paper examines modelgmtipns of climate change over the twenty-firsttagnfrom
the Intergovernmental Panel on Climate Change RAssessment Report which used the A2 scenario tihem
IPCC Special Report on Emissions Scenarios, asspas$iether different regional responses can beiseen
models categorized as 'high-end' (those projeetif)c or more by the end of the twenty-first ceptrelative to
the preindustrial). It also identifies regions wére largest climate changes are projected ungle+emd
warming. The mean spatial patterns of change, naeaagainst the global rate of warming, are galher
similar in high-end and 'non-high-end' simulatiohise exception is the higher latitudes, where lamés warm
relatively faster in boreal summer in high-end medeut sea ice areas show varying difference®irdl winter.
Many continental interiors warm approximately twaefast as the global average, with this beintqudarly
accentuated in boreal summer, and the winter-timiAOcean temperatures rise more than three tiaster
than the global average. Large temperature incsesase precipitation decreases are projected in sdmie
regions that currently experience water resouressures, including Mediterranean fringe regiordicating
enhanced pressure on water resources in these areas
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While nutrient depletion scenarios have long shitvat the high-latitude High Nutrient Low Chlorophy
(HNLC) regions are the most effective for sequasteatmospheric carbon dioxide, recent simulatioite
prognostic biogeochemical models have suggestédtiya fraction of the potential drawdown canréalized.
We use a global ocean biogeochemical general ationl model developed at GFDL and Princeton to éxam
this and related issues. We fertilize two patchasé North and Equatorial Pacific, and two addiigpatches in
the Southern Ocean HNLC region north of the biogeaucal divide and in the Ross Sea south of the
biogeochemical divide. We evaluate the simulatesiag observations from both artificial and naturah
fertilization experiments at nearby locations. VWain by far the greatest response to iron featilon at the
Ross Sea site, where sea ice prevents escapeuaisseiged CO2 during the wintertime, and the @Moved
from the surface ocean by the biological pump rsied into the deep ocean by the circulation. A®@asequence,
CO, remains sequestered on century time-scales arefftbiency of fertilization remains almost condtao
matter how frequently iron is applied as long ds @onfined to the growing season. The second sgffistent
site is in the Southern Ocean. The North PacifeIsas lower initial nutrients and thus a lowerceghcy.
Fertilization of the Equatorial Pacific leads toepansion of the suboxic zone and a striking eedn
denitrification that causes a sharp reduction ieral surface biological export production and QPtake. The
impacts on the oxygen distribution and surfacedgiglal export are less prominent at other sitespbuertheless
still a source of concern. The century time scatention of iron in this model greatly increasesltng-term
biological response to iron addition as comparet gimulations in which the added iron is rapidigwenged
from the ocean.
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Available at: http://www.pnas.org/content/early/2011/12/06/1186808.long
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Institute for Meteorology: Cicero , O. Hamburg, @Geny.
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Schemes to modify large-scale environment systeresntrol climate have been proposed for overédryto
(i) increase temperatures in high latitudes, (igrease precipitation, (iii) decrease sea ice,dfiegte irrigation
opportunities, or (v) offset potential global wangiby injecting iron in the oceans or sea-salt s@rim the
marine boundary layer or spreading dust in thécgpdere to reflect away an amount of solar eneggyvalent



to the amount of heat trapped by increased greaghgases from human activities. These and othpopeal
geoengineering schemes are briefly reviewed. Rexmdr@mes to intentionally modify climate have been
proposed as either cheaper methods to counteebtartent climatic modifications than conventiomgigation
techniques such as carbon taxes or pollutant esnissegulations or as a counter to rising emissasns
governments delay policy action. Whereas proporemgise cost-effectiveness or the need to be préjifare
mitigation and adaptation policies are not strongugh or enacted quickly enough to avoid the wordespread
impacts, critics point to the uncertainty thatafily geoengineering scheme would work as plannéd that the
many centuries of international political stabilitgd cooperation needed for the continuous maintenaf such
schemes to offset century-long inadvertent effescs®cially feasible. Moreover, the potential existr
transboundary conflicts should negative climatieregs occur during geoengineering activities.
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Human CQ emissions may drive the Earth into a next greeshatate. They can be mitigated by accelerating
weathering of natural rock under the uptake ob.Ge disprove the paradigm that olivine weatheinmgature
would be a slow process, and show that it is netled to mill olivine to very fine, 10 um-size grsin order to
arrive at a complete dissolution within 1-2 yearhigh-energy shallow marine environments olivingiigs and
reaction products on the grain surfaces, that wilserwould greatly retard the reaction, are abratetthat the
chemical reaction is much accelerated. When keptdtion even large olivine grains rubbing and burgpi
against each other quickly produce fine clay- dhiesized olivine particles that show a fast cheahieaction.
Spreading of olivine in the world’s 2%most energstielf seas can compensate a year’s globale@ssions
and counteract ocean acidification against a priekbelow that of carbon credits.
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Weathering and subsequent precipitation of Ca-Mgtarbonates are the main processes that caheol
CO,-concentration in the atmosphere. It seems logilkatefore, to use enhanced weathering as a toetitee
rising CQ-levels. This can be applied as a technology, bgtieg captured COwith olivine or calcium-silicates
in autoclaves. It can also be applied extensivahspreading fine-powdered olivine on farmlandamestland.
Measures to control the G@evels of the atmosphere will be adopted moreilg#dhey also serve some
broader economic goals. An effective strategy f@, €ontrol will require many parallel approaches
simultaneously.
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Due to impacts of albedo on climate change, benefiafforestation/reforestation regimes are uniddrate. In
this paper we investigate how to incorporate albghinges in a carbon accounting tool to show theffect of
land use change on the climate. Using a studyiarsauthern Europe, albedo and carbon sequestnaibaielling
results are linked to determine the combined radgidorcing balance. The results show that undeciic
circumstances afforestation/reforestation measussnot automatically have positive impacts in@bgl
warming context because the cooling effect of nebsthe carbon sequestered is neutralized by thenwmareffect
of albedo changes. However, sensitivity analysad te the conclusion that improved albedo data fsatsllite
images (MODIS) could influence and enhance outgigtsificantly. The paper points out that accountiaged
exclusively on GHG units does not, in the casanfiluse change, reflect the entire picture. lighli
recommended that in future global warming impatiamd use systems and biogenic products (e.gd soli
biomass, liquid biofuels) should be studied usifegdycle assessments (LCA) and should includegthes
additional—non-GHG effects—on climate change.
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Available at: http://www.sciencemag.org/content/326/5952/523tsh
The accounting now used for assessing compliatecarbon limits in the Kyoto Protocol and in chite



legislation contains a far-reaching but fixablenfldnat will severely undermine greenhouse gas témlugoals
(2). It does not count CCemitted from tailpipes and smokestacks when biagnis being used, but it also does
not count changes in emissions from land use wi@ndss for energy is harvested or grown. This actog
erroneously treats all bioenergy as carbon nerggardless of the source of the biomass, whichcaage large
differences in net emissions. For example, thericlgaf long-established forests to burn wood ogrtow energy
crops is counted as a 100% reduction in energyseonis despite causing large releases of carbon.
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Because air—water and water—air interfaces arellgqefractive, cloud droplets and microbubblespdirsed in
bodies of water reflect sunlight in much the sanag .\ he lifetime of sunlight-reflecting microbubbslend
hence the scale on which they may be applied, dispem Stokes Law and the influence of ambient dedd
surfactants. Small bubbles backscatter light méfieently than large ones, opening the possibitifyusing
highly dilute micron-radius hydrosols to substdhtibrighten surface waters. Such microbubblesruaticeably
increase water surface reflectivity, even at voldraetions of parts per million and such loadings be created
at an energy cost as low as J m-2 to initiate anfim+2 to sustain. Increasing water albedo in thay wan
reduce solar energy absorption by as much as 10@)pwotentially reducing equilibrium temperatures of
standing water bodies by several Kelvins. Whilesels injected into the stratosphere tend to alterate
globally, hydrosols can be used to modulate surddtoedo, locally and reversibly, without risk ofgdading the
ozone layer or altering the color of the sky. Téw Energy cost of microbubbles suggests a new appro solar
radiation management in water conservation andrggoeering: Don’t dim the Sun; Brighten the water.

Shiva, V (1993) Monocultures of the Mind: Perspesdion Biodiversity and Biotechnology. Penang, Msiks, Third
World Network.
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Near-surface waters ranging from the Pacific sttiiaf58°N) to the Southern Ocean (66°S) contaén th
neurotoxin domoic acid (DA), associated with thatainPseudo-nitzschia. Of the 35 stations sampled, including
ones from historic iron fertilization experimeng&JFeX, IronEx I1), we foun®seudo-nitzschia at 34 stations
and DA measurable at 14 of the 26 stations analfa@eldA. Toxin ranged from 0.3 fg-cell(-1) to 2 pell(-1),
comparable with levels found in similar-sized céltsn coastal waters. In the western subarcticcel@sof intact
Pseudo-nitzschia likely delivered significant amounts of toxin (tg4 pg of DA-m(-2)-d(-1)) to underlying
mesopelagic waters (150-500 m). By reexamining gqiighkton samples from SOFeX and IronEx Il, we fibun
substantial amounts of DA associated vi#eudo-nitzschia. Indeed, at SOFeX in the Antarctic Pacific, DA




reached 220 ng-L(-1), levels at which animal miti¢al have occurred on continental shelves. Iragaac
fertilization also occurs naturally and may haverpoted blooms of these ubiquitous algae over pusvgbacial
cycles during deposition of iron-rich aerosols. $hihe neurotoxin DA occurs both in coastal andanzewaters,
and its concentration, associated with chang®sdéndo-nitzschia abundance, likely varies naturally with climate
cycles, as well as with artificial iron fertilizati. Given that iron fertilization in iron-depleteghions of the sea
has been proposed to enhance phytoplankton graowihlaereby, both reduce atmospheric CO(2) and ratele
ocean acidification in surface waters, considenatibthe potentially serious ecosystem impactsaatad with

DA is prudent.
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P. A. Tyler. Amsterdam, Elseviet79-218.
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Article 2 of the United Nations Framework Conventon Climate Change [United Nations (1992)
http://unfccc.int/resource/docs/convkp/conveng.pdicessed February 9, 2009] commits signatory natio
stabilizing greenhouse gas concentrations in tim@sphere at a level that "would prevent dangerous
anthropogenic interference (DAI) with the climaystem." In an effort to provide some insight intapiacts of
climate change that might be considered DAI, awtlodthe Third Assessment Report (TAR) of the
Intergovernmental Panel on Climate Change (IPC&tifled 5 "reasons for concern" (RFCs). Relatigosh
between various impacts reflected in each RFC mgr@ases in global mean temperature (GMT) weregyad
in what has come to be called the "burning embegrdm." In presenting the "embers" in the TAR, @PC
authors did not assess whether any single RFC was important than any other; nor did they conclutiat
level of impacts or what atmospheric concentratimingreenhouse gases would constitute DA, a viiddgment
that would be policy prescriptive. Here, we deserigvisions of the sensitivities of the RFCs tadases in GMT
and a more thorough understanding of the conceyptlokrability that has evolved over the past &geghis is
based on our expert judgment about new findingkérgrowing literature since the publication of TR in
2001, including literature that was assessed iR Fourth Assessment Report (AR4), as well ditiadal
research published since AR4. Compared with resgpiisrted in the TAR, smaller increases in GMT ravey
estimated to lead to significant or substantialseguences in the framework of the 5 "reasons focam."

Snelgrove, P. V. R. and C. R. Smith (2002). "A nbspecies in an environmental calm: The paradaReospecies rich

deep-sea floor." Oceanography and Marine Biology Anual Reviewd0: 311-342
Available at: Deep-sea ecosystems are the most extensive aoterenosystems on Earth. Perception of the
deep-sea benthic environment has changed dranhaiitghe last century from one of an azoic, oleaist
species-poor habitat to one that is rich in spedibe early misconception was created, in parg\bgence of
vast, monotonous expanses of cold, dark sedimamtspith little obvious spatial or temporal hetzoeity.
Given that many species-rich ecosystems on Eagtblariously heterogeneous, it is surprising thateso
estimates of species numbers in the deep sea<(E0F. macrofaunal species) rival those for tropiaaiforests.
Although other estimates are more conservative $exgl05 macrofaunal species), it is clear thapesea
benthic habitats contain many species. The parafibigh deep-sea diversity has generated a nuniber o
explanatory hypotheses, including some that anenptly difficult to test and others that are theus of ongoing
study. Approaches include analyses of local, regjiaand global patterns, and experimental maniuiatwithin
habitats. Mechanistic generalisations are diffitnltnake because experimentation and sampling ageere
spatially and temporally limited, but evidence taadsuggests that small-scale habitat variabitity gatchy
disturbance, as well as global and regional vditgbmay play roles in maintaining deep-sea diitgrs he
importance of small-scale habitat variability aradghy disturbance has been demonstrated for osiyadl subset
of species, many of which are opportunists. Brodgrénces from global and regional patterns ofiggec
diversity are debatable because many areas remartygampled and causes of patterns are ambiguous.




Nonetheless, our understanding of diversity pastérhe deep-sea benthos has increased dramaticttie last
three decades. If the approaching decades holdsepertion of the surprises seen in the recent gast science
can expect very exciting discoveries from the deegan in the near future.
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Key Messages: Implications of direct air captur€02 by chemicals (DAC) for climate and energyi@ol
* DAC is not currently an economically viable apgeb to mitigating climate change.
« In a world that still has centralized sourcesarbon emissions, any future deployment that relremw-
carbon energy sources for powering DAC would uguad! less cost-effective than simply using the tasbon
energy to displace those centralized carbon souftess, coherent CO2 DAC until large, centraliz€d2C
mitigation postpones deployment of sources hava hearly eliminated on a global scale.
* DAC may have a role to play eventually in couimgemissions from some decentralized emissio3t
such as from buildings and vehicles (ships, platies)prove expensive to reduce by other means.
* Given the large uncertainties in estimating tbst of DAC, century-scale economic models of glabaR
emissions that feature “overshoot trajectories” matg on DAC should be viewed with extreme caution
* High-carbon energy sources are not viable optionpowering DAC systems, because their CO2 captunay
exceed the CO2
» The storage part of CO2 be economically viakégtare and storage (CCS) must be inexpensive asibfe at
huge scale for DAC to
* This report provides no support for argumentiauor of delay in dealing with climate change thet based on
the availability of DAC as a compensating strategyissions
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The sensitivity of Earth's climate to an extemaaliative forcing depends critically on the resgoafwater
vapor. We use the global cooling and drying ofatmosphere that was observed after the eruptidoomht
Pinatubo to test model predictions of the climatedback from water vapor. Here, we first highligite success
of the model in reproducing the observed dryingratie volcanic eruption. Then, by comparing model
simulations with and without water vapor feedbae&,demonstrate the importance of the atmospheyingiin
amplifying the temperature change and show thahowt the strong positive feedback from water vatiee
model is unable to reproduce the observed codlihgse results provide quantitative evidence oféfiability of
water vapor feedback in current climate modelschviis crucial to their use for global warming pajens.
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Recent measurements demonstrate that the "bacidiretratospheric aerosol layer is persistentlyalde rather
than constant, even in the absence of major valamiptions. Several independent data sets shaw tha
stratospheric aerosols increased in abundance 20 Near-global satellite aerosol data implygative
radiative forcing due to stratospheric aerosol gearover this period of about -0.1 W/m(2), redu¢hregrecent
global warming that would otherwise have occurf@dservations from earlier periods are limited luggest an
additional negative radiative forcing of about -WIm(2) from 1960 to 1990. Climate model projection
neglecting these changes would continue to ovenagti the radiative forcing and global warming imaag
decades if these aerosols remain present at cumakr@s or increase.
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The severity of damaging human-induced climategbalepends not only on the magnitude of the chbuape
also on the potential for irreversibility. This aishows that the climate change that takes plaed¢alincreases
in carbon dioxide concentration is largely irrevielesfor 1,000 years after emissions stop. Foll@axgessation of




emissions, removal of atmospheric carbon dioxideabses radiative forcing, but is largely compertsaly
slower loss of heat to the ocean, so that atmogpteenperatures do not drop significantly for atdel,000
years. Among illustrative irreversible impacts tehould be expected if atmospheric carbon dioxide
concentrations increase from current levels ne&rgsts per million by volume (ppmv) to a peak 5604600
ppmv over the coming century are irreversible drgson rainfall reductions in several regions coalglarto
those of the "dust bowl" era and inexorable seallgse. Thermal expansion of the warming oceariges a
conservative lower limit to irreversible global aage sea level rise of at least 0.4-1.0 m if 2&stury CO(2)
concentrations exceed 600 ppmv and 0.6-1.9 m fak @€(2) concentrations exceeding approximatel@d.,0
ppmv. Additional contributions from glaciers ané gheet contributions to future sea level riseuaeertain but
may equal or exceed several meters over the néeinmium or longer.
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In this article, | argue that impending ecologicatastrophe invites regulators a) to focus onleggry
effectiveness, and b) to afford little significartoehe legitimacy of regulatory action designe@vert such a
catastrophe. This implies that regulators will reso 'techno-regulation’ or 'code,’ leaving re¢e#s no option
but to comply with the rules. In addition, regulatonust adopt a much more sympathetic attitude rebsvaew
'high risk technologies.' In effect, against thekegiound of impending catastrophe, the precautiopenciple
will instruct that scientific uncertainty about thsks of new technologies, such as geoengineerirsgnthetic
biology, is no reason not to give those technobtfie green light.

Song, X., G. Zhou, et al. (2011). "Carbon sequégstrdy Chinese bamboo forests and their ecologdpeakfits:
assessment of potential, problems, and futureexgdis.” Environmental Review9: 418-428 DOI: 10.1139/a11-015
Available at: http://www.nrcresearchpress.com/doi/abs/10.1 113915

Bamboo is widely distributed in Southeast Asiaji@d, and Latin America. As a major non-wood forgstduct
and wood substitute, bamboo is of increasing istareecologists owing to its rapid growth and espondingly
high potential for mitigating climate change. Withong history of production and utilization of bame, China
is one of the countries with the richest bambooueses and largest area of bamboo forest, andaids p
unprecedented attention in recent decades to maregef its bamboo forests. This review summarikes
versatility of bamboo in terms of its ecologicahbk#ts including carbon sequestration, water anld so
conservation, its benefits for socioeconomic dgwelent, and its potential to mitigate climate char@erent
problems, and the future potential of and challertigeapidly expanding bamboo forests under botlemuse of
intensive management and the effects of global Wweynare also discussed.

Spokas, K. (2010). "Review of the stability of biac in soils: predictability of O:C molar ratio€arbon Managemerit
289-330
Available at: http://www.future-science.com/doi/full/10.4155/ch®.32

Biochar is not a structured homogeneous mateatier it possesses a range of chemical strucime:s
heterogeneous elemental composition. This vartglidibased on the conditions of pyrolysis andiioenass
parent material, with biochar spanning the rangeaobus forms of black carbon. Thereby, this aitity
induces a broad spectrum in the observed ratesacfivity and, correspondingly, the overall chemarad
microbial stability. From evaluating the currenbd¢inar and black carbon degradation studies, tedteei
suggestion of an overall relationship in biochabsity as a function of the molar ratio of oxygencarbon (O:C)
in the resulting black carbon. In general, a maddio of O:C lower than 0.2 appears to providenetimum, a
1000-year biochar half-life. The O:C ratio is adtian of production temperature, but also accotorntsther
impacts (e.g., parent material and post-produat@mditioning/oxidation) that are not captured soleith
production temperature. Therefore, the O:C ratidadprovide a more robust indicator of biochar #itgtthan
production parameters (e.g., pyrolysis temperaaancebiomass type) or volatile matter determinations
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aerosols and the impacts on clouds and climatéldgeiphical Transactions of the Royal Societ3@6: 4613-4626 DOI:
10.1098/rsta.2008.0201
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Previous studies have concluded that boreal fokeatm the climate because the cooling from stoohgarbon
in vegetation and soils is cancelled out by themwvag due to the absorption of the Sun’s heat byddré forest



canopy. However, these studies ignored the impddtsests on atmospheric aerosol. We use a global
atmospheric model to show that, through emissicorgénic vapours and the resulting condensatiaraltty of
newly formed particles, boreal forests double regia@loud condensation nuclei concentrations (feqprox.
100 to approx. 200 cmK3). Using a simple radiathvedel, we estimate that the resulting change incckdbedo
causes a radiative forcing of betweenK1.8 andK6. R&of forest. This forcing may be sufficiently largo
result in boreal forests having an overall coolimgact on climate. We propose that the combinatioeciimate
forcings related to boreal forests may result innamortant global homeostasis. In cold climatic ditions, the
snow-vegetation albedo effect dominates and béoesdts warm the climate, whereas in warmer clisétey
may emit sufficiently large amounts of organic vapmodifying cloud albedo and acting to cool climat
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transactions. Series A, Mathematical, physical,@mgneering scienc&§9: 842-867 DOI: 10.1098/rsta.2010.0327
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The human imprint on the global environment has hecome so large and active that it rivals sonth@freat
forces of Nature in its impact on the functionirfgtee Earth system. Although global-scale humaluéerice on
the environment has been recognized since the 18@08rm Anthropocene, introduced about a deagdehas
only recently become widely, but informally, usedhe global change research community. Howevertdim
has yet to be accepted formally as a new geologjwath or era in Earth history. In this paper, wefprward the
case for formally recognizing the Anthropocene asw epoch in Earth history, arguing that the atieéthe
Industrial Revolution around 1800 provides a lobstart date for the new epoch. We then explorenetrends
in the evolution of the Anthropocene as humanitycpeds into the twenty-first century, focusing loa profound
changes to our relationship with the rest of thim¢j world and on early attempts and proposalsifanaging our
relationship with the large geophysical cycles tirate the Earth's climate system.
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Over the past century, the total material wealthumanity has been enhanced. However, in the gfinst
century, we face scarcity in critical resources, degradation of ecosystem services, and the ero$ithe
planet’s capability to absorb our wastes. Equisyés remain stubbornly difficult to solve. Thisiaiion is novel
in its speed, its global scale and its threat éorésilience of the Earth System. The advent oAtitBropence, the
time interval in which human activities now rivdbbal geophysical processes, suggests that wetoeed
fundamentally alter our relationship with the plawe inhabit. Many approaches could be adoptedjimgrfrom
geo-engineering solutions that purposefully marmuparts of the Earth System to becoming actewastds of
our own life support system. The Anthropocenersrainder that the Holocene, during which compleman
societies have developed, has been a stable, acmbating environment and is the only state of thelE&ystem
that we know for sure can support contemporaryespcl he need to achieve effective planetary stesfap is
urgent. As we go further into the Anthropocene riske driving the Earth System onto a trajectory aogdvmore
hostile states from which we cannot easily return.
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Ocean acidification from the uptake of anthropagearbon is simulated for the industrial period #ACC
SRES emission scenarios A2 and B1 with a globgblenlicarbon cycle-climate model. Earlier studiesidied
seawater saturation state with respect to araganiteneral phase of calcium carbonate, as a keghla
governing impacts on corals and other shell-fornurganisms. Globally in the A2 scenario, water isdd by
more than 300%, considered suitable for coral gnowdnishes by 2070 AD (C®830 ppm), and the ocean
volume fraction occupied by saturated water deeefom 42% to 25% over this century. The largestukated
pH changes worldwide occur in Arctic surface watesdsere hydrogen ion concentration increases by 1i85%
(UpH=-0.45). Projected climate change amplifies therelase in Arctic surface mean saturation and pidrng
than 20%, mainly due to freshening and increasdeboauptake in response to sea ice retreat. Modgiraation
compares well with observation-based estimategjadonArctic transect and simulated changes have bee
corrected for remaining model-data differencesis tegion. Aragonite undersaturation in Arcticfaoe waters
is projected to occur locally within a decade amé¢écome more widespread as atmosphericddBtinues to
grow. The results imply that surface waters inAhetic Ocean will become corrosive to aragonitethwi



potentially large implications for the marine ecstgyn, if anthropogenic carbon emissions are nataed and
atmospheric CO2 not kept be- low 450 ppm.
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Leaching losses of N are a major limitation ofpcpsoduction on permeable soils and under heawalis as in
the humid tropics. We established a field trialha central Amazon (near Manaus, Brazil) in ordesttidy the
influence of charcoal and compost on the reterdfod. Fifteen months after organic-matter admix{@g0.1 m
soil depth), we added 15N-labeled (NH4)2S04 (29.5lkha—1 at 10 atom% excess). The tracer was rmezhsur
top soil (0—0.1 m) and plant samples taken at twazassive sorghum (Sorghum bicolor L. Moench) hsteve
The N recovery in biomass was significantly higimbien the soil contained compost (14.7% of appli¢thN
comparison to only mineral-fertilized plots (5.7#8t)e to significantly higher crop production durthe first
growth period. After the second harvest, the réerin soil was significantly higher in the chartemended
plots (15.6%) in comparison to only mineral-fer@d plots (9.7%) due to higher retention in sdileTotal N
recovery in soil, crop residues, and grains wasiigntly (p < 0.05) higher on compost (16.5%)addoal
(18.1%), and charcoal plus compost treatments {@)/id comparison to only mineral-fertilized plof0(9%).
Organic amendments increased the retention ofepfeitilizer N. One process in this retention Wasd to be
the recycling of N taken up by the crop. The refeeof immobilization, reduced N leaching, and gasdosses
as well as other potential processes for increasingtention should be unraveled in future studies.
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Application of organic fertilizers and charcoatiease nutrient stocks in the rooting zone of ¢rogbuce
nutrient leaching and thus improve crop productiaracid and highly weathered tropical soils. In elthrial
near Manaus (Brazil) 15 different amendment contimna based on equal amounts of carbon (C) applied
through chicken manure (CM), compost, charcoal,farekt litter were tested during four croppinglegcwith
rice (Oryza sativa L.) and sorghum (Sorghum bicaldin Wve replicates. CM amendments resultedha t
highest (P < 0.05) cumulative crop yield (12.4Mglhaver four seasons. Most importantly, surfadepd,
phosphorus (P), calcium (Ca), and magnesium (Mggwignificantly enhanced by CM. A single compost
application produced fourfold more grain yield (BP.85) than plots mineral fertilized in split amggaitions.
Charcoal significantly improved plant growth andudied grain production if fertilized with NPK in sgarison
to the NPK-fertilizer without charcoal. The highgelds caused a significantly greater nutrient ekpo
charcoal-amended Welds, but available nutrientsidtdlecrease to the same extent as on just mifeetiéized
plots. Exchangeable soil aluminum (Al) was furthestuced if mineral fertilizer was applied with cbaal (from
4.7 to Omg kgjl). The resilience of soil organidtea(SOM) in charcoal amended plots (8 and 4%Gaddss,
mineral fertilized or not fertilized, respectively)dicates the refractory nature of charcoal in parson to SOM
losses over 20 months in CM (27%), compost ame(@ieid), and control plots (25% loss).
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Volcanic sulfate aerosols in the stratosphere ywedignificant long-term solar and infrared rad&t
perturbations in the Earth's atmosphere and aufface, which cause a response of the climatersysiere we
study the fundamental process of the developmethi®f/olcanic radiative forcing, focusing on themgion of
Mount Pinatubo in the Philippines on June 15, 199&.develop a spectral-, space-, and time-depesa¢iof
aerosol parameters for 2 years after the Pinatulgtien using a combination of SAGE Il aerosol estions and
UARS-retrieved effective radii, supported by SAMAVHRR, lidar and balloon observations. Using thdata,
we calculate the aerosol radiative forcing with B&@HAM4 general circulation model (GCM) for casathw
climatological and observed sea surface temperé®8&), as well as with and without climate resgoge find
that the aerosol radiative forcing is not sensitovéhe climate variations caused by SST or thespmeric
response to the aerosols, except in regions wityingadense cloudiness. The solar forcing in thar mefrared
contributes substantially to the total stratospghkeating. A complete formulation of radiative fiog should




include not only changes of net fluxes at the tpsase but also the vertical distribution of atmesjghheating
rates and the change of downward thermal and feat isaliative fluxes at the surface. These foreind aerosol
data are available for GCM experiments with anytiapand spectral resolution.
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Global Environmental Chandg¥: 379-390 DOI: 10.1016/j.gloenvcha.2011.01.008

Available at: http://linkinghub.elsevier.com/retrieve/pii/SOEB011000094
Carbon capture and storage (CCS) is a controVeisizate change mitigation technology that hashbeeeiving
increased public and private investment over tls gacade in several countries. During this timgivarse
international network of professionals focusedtmadvancement of CCS technology has emerged. Witls
international CCS community, a shared perceptiah®falue of advancing CCS technology is generally
assumed, and this community has been influentilibying for increased support for the developn®@CS
in many countries and at the international levek phenomenon of an apparently shared perspeditivie\a
specific community relates to Haas' (1992a) desioripof the evolution of an epistemic community aor
knowledge-based network of recognized experts wiad 6nly hold in common a set of principled andsadu
beliefs but also have shared notions of validity arshared policy enterprise”. Understanding thiergxo which
a given community can be characterized as an egistommunity can provide insights about the effectess
of its policy intervention, its association wittetbroader public, and the success of communic#tmgnessages
that it wants to convey. The goal of this reseasdb begin to explore the nature of the CCS comityiuto
provide a preliminary characterization of the comityy and to consider whether and in what ways the
community might be considered to be an epistemienoonity or a compilation of multiple different ef@mic
communities. This characterization suggests thhbagh the CCS community may be influencing
decision-makers and successfully garnering polisaaport for advancing CCS technology, a potential
disconnect with the concerns of a broader publieserving of more attention and social scienceare$.
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Available at: http://ieeexplore.ieee.org/lpdocs/epicO3/wragper?arnumber=5462597
An analytical model is developed for estimating teat fluxes in the lower and upper parts of theaphere
that would result from possible increases in thbaa dioxide (CQ) concentrations and the ensuing temperature
changes. For a doubling of the £€ncentration by volume, the net heat flux tottbposphere is estimated to
increase by 22 percent, and for a quadrupling®ttncentration, the net heat flux increases bye3éent,
implying an enhanced energy input to the troposphdrere weather phenomena are initiated. As aragericy
measure in case efforts to reduce emissions areoassful, a geoengineering project is considereaitigate
the effects of a possible runaway global change.ddal is the restoration of the ancient circumalaguatorial
current by digging a trans-isthmian sea level camalugh the Isthmus of Panama using conventiomdinaiclear
civil engineering methods. This would restore #gm@perate climatic conditions that existed 3 milly@ars ago.
Other alternatives involving ocean iron seedingyagpheric injection of sulfates to increase reflggtto solar
radiation and shading the Earth with Mylar disdeetbrs, are discussed.

Stilgoe, J. (2011). "A question of intent." Nat@kmate Changé: 325-326 DOI: 10.1038/nclimate1225
Available at: http://www.nature.com/doifinder/10.1038/nclima2@’b
As the emerging field of geoengineering gains mutoma, researchers must question the motivationsteheir
experiments and maintain an open dialogue withpthsic.

Stone, R. (2010). "Marine biogeochemistry. Thesible hand behind a vast carbon reservoir." Sci¢Neav York,
N.Y.) 328: 1476-1477 DOI: 10.1126/science.328.5985.1476
Available at: http://web.bio.utk.edu/wilhelm/MCP.pdf
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For significant impact any method to remove,@©m the atmosphere must process large amourisrbdn
efficiently, be repeatable, sequester carbon foushnds of years, be practical, economical anchpkeimented
soon. The only method that meets these criterian®val of crop residues and burial in the deemocé/e show
here that this method is 92% efficient in sequésinaf crop residue carbon while cellulosic ethgroduction
is only 32% and soil sequestration is about 14%6iefft. Deep ocean sequestration can potentiafiyuca 15%
of the current global C£annual increase, returning that carbon back tp dediments, confining the carbon for
millennia, while using existing capital infrastruot and technology. Because of these clear adwesitag
recommend enhanced research into permanent sexjigestf crop residues in the deep ocean.
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Available at: http://www.nature.com/nature/journal/v472/n734R/472159a.html
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Curbing nitrogen emissions is a central environt@@eshallenge for the twenty-first century, arguarkiSutton
and his colleagues
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Climatic changes more rapid and extreme than ssdds/ the IPCC cannot be excluded, because of the
possibility of positive earth system feedbacks #mdsholds. Do today’s policy makers have to thiesé into
account, and if so, are the options different ftbowse considered today? The paper briefly sumnmatiztypes
of extreme climatic changes noted in the literaamd then evaluates the options to address themvimat-if
manner. Different from other studies, which usu#dlgk at only one type of measure, we consideoadber
portfolio of options: drastic emissions reductiangrammes, drawing greenhouse gases from the atresp
(“carbon dioxide removal”), “emergency cooling” dugh influencing the radiative balance of the ajphese
(“solar radiation management”), and finally adaiptabeyond the options considered seriously toBalitics
will have to decide on the choice or mix of “emergg’ measures, but research can ensure that se@iares are
based on the best scientific information. If throwgncerted international efforts to mitigate gresmrse
emissions low stabilization levels could be reaglsedh decisions may never have to be made. However
research in support of some form of a “plan B”eswwarranted, focusing on those options that hagemost
positive ratio between potential effectiveness f@adibility on the one hand, and environmental poldical
risks on the other hand. Such plan should notrbigdd to one set of options such as geo-enginearidgshould
explicitly take into account not only the relatibiss between the options but also the wide varrety
characteristics of the individual options in terofi®ffectiveness, feasibility, environmental riskad political
implications.
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Before the feasibility of ocean sequestrationrdheopogenic carbon dioxide can be evaluated caelglehere
is a clear need to better understand the potdnahdgical impacts of C@enriched (low pH and high pGP
seawater in regions of proposed disposal. We desbiere the first empirical study directly examghanimal
responses to dissolving GBydrates on the deep-sea floor. Using a remofadyaied vehicle (ROV) to conduct
experiments within Monterey Canyon, CA, we foundttkeveral species (both invertebrate and verebdad
not avoid rapidly dissolving flocculent hydratesemhattracted by the scent of food. Furthermoreleathire
were no apparent short-term effects of decreasednolile animals appeared to suffer from respisatiistress
due to increased pG@hen in close proximity to hydrates. Losses ohkigorganisms as a result of £O
disposal in the deep-sea may therefore be mor@sxeethan previously predicted from toxicologinabddels.
However, the extent of changes to surrounding sesvehemistry, and thus biological impact, is l&yge
dependent on CQelease method or the type of hydrate formed.
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In the dry forest of southern Madagascar, a regfaglobal conservation priority, formally protedtareas are
nearly totally absent. We illustrate how the com¢id existence of unique forest habitats in the Aydegion is
directly dependent on informal institutions, tabaagjulating human behavior. Qualitative intervigwsnap and
analyze the social mechanisms underlying foregeption have been combined with vegetation analgtes
species diversity and composition. Of 188 forestipes, 93% were classified as protected, and ithSau
Androy all remaining forest patches larger thara®ere protected. Eight different types of foresith a
gradient of social fencing from open access to atmomplete entry prohibitions, were identifiedaisgressions
were well enforced with strong sanctions of sigmifit economic as well as religious importance. ysed of
species diversity between protected and unprotdotedts were complicated because of size diffeasand
access restrictions. However, since, for exampleputhern Androy >90% of the total remaining fosrer is
protected through taboos, these informal instihgicepresent an important, and presently the amghanism
for conservation of the highly endemic forest speciWe conclude that social aspects, such ashetafs and
legitimate sanctioning systems, need to be analgmedncorporated along with biodiversity studies f
successful conservation.
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The large burden of sulfate aerosols injectedtimostratosphere by the eruption of Mount Pinainki®991
cooled Earth and enhanced the destruction of palamne in the subsequent few years. The continugestion
of sulfur into the stratosphere has been suggested‘geoengineering” scheme to counteract globaiing.
We use an empirical relationship between ozoneetiepland chlorine activation to estimate how #pgroach
might influence polar ozone. An injection of sulfarge enough to compensate for surface warmingezhby
the doubling of atmospheric G@ould strongly increase the extent of Arctic ozdegletion during the present
century for cold winters and would cause a consiolerdelay, between 30 and 70 years, in the expheet®very
of the Antarctic ozone hole.
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The problem of global warming arises from the dwdl of greenhouse gases such as carbon dioxidebuoning
of fossil fuels and other human activities thatra@the composition of the atmosphere and altgyoiudg
longwave radiation (OLR). One geoengineering sotubeing proposed is to reduce the incoming surghyn
emulating a volcanic eruption. In between the inicgnsolar radiation and the OLR is the entire weatind
climate system and the hydrological cycle. The ipration and streamflow records from 1950 to 2604
examined for the effects of volcanic eruptions frehChicho "n in March 1982 and Pinatubo in Jun@119
taking into account changes from El Nin “o-South@stillation. Following the eruption of Mount Pinab in
June 1991 there was a substantial decrease irppagion over land and a record decrease in rusodf river
discharge into the ocean from October 1991-Septef¥82. The results suggest that major adversetsffe
including drought, could arise from geoengineesgotytions.
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American Geophysical Unid®il: 428-428 DOI: 10.1029/EO091i045p00428-04

Available at: http://www.agu.org/pubs/crossref/2010/EO091i04BB-04.shtml
As the climate warms along with rising levels tthaspheric carbon dioxide (COZ2), geoengineeringdess
suggested as an emergency option to cool the pk@netpossibility is implementing a solar radiation
management project, such as injecting sulfate akra#o the stratosphere or deploying a solar $kade,” to
counteract global warming by decreasing the amotistinlight that reaches Earth's surface. Howevegtobal
intervention would have different regional impaéier instance, geoengineering could result in cesgée
precipitation and increased droughts in some regiaith serious consequences for some human pigngdat
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Oceanic high-nitrate, low-chlorophyll environmehts/e been highlighted for potential large-scade ir
fertilizations to help mitigate global climate clggn Controversy surrounds these initiatives, bottné degree of
carbon removal and magnitude of ecosystem impRotvious open ocean enrichment experiments hawensho
that iron additions stimulate growth of the toxigediatom genufseudonitzschia. MostPseudonitzschia species
in coastal waters produce the neurotoxin domoid @A), with their blooms causing detrimental marin
ecosystem impacts, but oceaR#&eudonitzschia species are considered nontoxic. Here we demaoashrat the
sparse oceanieseudonitzschia community at the high-nitrate, low-chlorophyll @eeStation PAPA (50 degrees
N, 145 degrees W) produces approximately 200 pd-DA) in response to iron addition, that DA alters
phytoplankton community structure to ben@geudonitzschia, and that oceanic cell isolates are toxic. Given t
negative effects of DA in coastal food webs, thHasdings raise serious concern over the net beaafit
sustainability of large-scale iron fertilizations.
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A rapid response assessment report released byWdlEark World Environment Day 2009 indicates that
boosting investments in conservation, restoratimhraanagement of natural ecosystems will not oatyome
important, but will provide our best and most efifez way to slow down climate change and accelerate
sustainable development and the achievement qfaberty-related Millennium Development Goals.
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Concerns about the risks of unmitigated greenhgaseemissions are growing. At the same time, denfie that
international policy agreements will succeed instderably lowering anthropogenic greenhouse gassoms is
declining. Perhaps as a result, various geoengirgesolutions are gaining attention and credibidisya way to
manage climate change. Serious consideration isrtly being given to proposals to cool the plahetugh
solar-radiation management (SRM). Here we analgzethe unique and nontrivial risks of geoenginegrin



strategies pose fundamental questions at the acetietween science and ethics. To illustratentippitance of
integrated ethical and scientific analysis, wenekey open questions and outline a coupled sfieathical
research agenda to analyze SRM geoengineering satspdVe identify nine key fields of coupled reséar
including whether SRM can be tested, how quickirméng could occur, normative decisions embedddubin
different climate trajectories are valued, andiesissues regarding distribution of the harms lagrefits of
geoengineering. To ensure that ethical analysescangled with scientific analyses of this form of
geoengineering, we advocate that funding agenemsynize the essential nature of this coupled relsdsy
establishing an Ethical, Legal, and Social Implmas (ELSI) program for SRM.
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This paper is in response to the Editorial Essa@tutzen and the Editorial Comment by CiceronthenAugust
2006 issue of Climatic Change. We reprise the exiddrom atmospheric nuclear weapon testing irl8&0s
and 1960s which is salient to the mooted maintemafan artificial sulphate aerosol layer in theréo
stratosphere, including a hitherto and now posthusnmpublished analysis of the 185W Hardtack d&malso
review recent investigations by ourselves, whicheheonsiderable bearing on some relevant questions
concerning meteorological dynamics, aerosol cheynistd physics and the photo-dissociation of stfateric
sulphuric acid.
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Reports of rising global average surface tempegadiave raised interest in the potential for ergyimg Earth’s
climate, supplementary to ongoing efforts to redy@e=nhouse gas emissions and prepare for clirhatege
through adaptation. Proposed climate engineericlini@ogies, or direct, deliberate, large-scalerimetions in
Earth’s climate, generally aim at either carborxidie removal (CDR) or solar radiation managemeRN$
Whereas CDR would reduce the atmospheric concentrat carbon dioxide (C§), thus reducing greenhouse



warming, SRM would either deflect sunlight befaresiaches Earth or otherwise cool Earth by increpsie
reflectivity of its surface or atmosphere. In coaitilg this technology assessment, we focused pityrar the
technical status of climate engineering and thevsief a wide range of experts on the future ofaede1 Our
findings indicate that ¢ climate engineering tedbgaes are not now an option for addressing glabalate
change, given our assessment of their maturityrial effectiveness, cost factors, and potentakequences.
Experts told us that gaps in collecting and modgtiimate data, identified in government and sdiienteports,
are likely to limit progress in future climate engering research. « the majority of the expertsamsulted
supported starting significant climate engineerieggarch now. Advocates and opponents of reseastiibled
concerns about its risks and the possible misugs mésults. Research advocates supported batasach
concerns against the potential for reducing risemfclimate change. They further envisioned a fufederal
research effort that would emphasize risk managgrhame an international focus, engage the publit a
national leaders, and anticipate new trends andldpments. ¢ a survey of the public suggests tlepublic is
open to climate engineering research but is coreckabout its possible harm and supports reducing CO
emissions.

Valdes, P. (2011). "Built for stability." Nature Gsriencet: 414-416 DOI: 10.1038/nge01200

Available at: http://www.nature.com/doifinder/10.1038/ngeo1200
State-of-the-art climate models are largely uetbstyainst actual occurrences of abrupt changealhuge leap
of faith to assume that simulations of the comiegtary with these models will provide reliable wiagof
sudden, catastrophic events.
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A greenhouse gas emission trading system is caregldan important policy measure for the deployné@Cs
at large scale. However, more insights are neededher such a trading system leads to a suffitight CQ
price and stable investment environment for CCSayement. To gain more insights, we combined Workigc
an applied general equilibrium model for globalipplnalysis, and MARKAL-NL-UU, a techno-economic
energy bottom-up model of the Dutch power genematictor and CQOntensive industry. WorldScan results
show that in 2020, CQprices may vary between 20 €/t€i@ a Grand Coalition scenario, in which all couegr
accept greenhouse gas targets from 2020, to 4D£iCan Impasse scenario, in which EU-27 contintges i
one-sided emission trading system without the piigito use the Clean Development Mechanism.
MARKAL-NL-UU model results show that an emissioading system in combination with uncertainty does n
advance the application of CCS in an early stdgerdtes at which different G@batement technologies
(including CCS) develop are less crucial for introtion of CCS than the GQrice development, and the
combination of biomass (co-)firing and CCS seemsrguortant option to realise deep £€mission reductions.
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Challenges." Environmental Protection

Available at: http://gocompose.net/media/book-30.pdf
The law and policy framework governing potentiedéan disposals in the Antarctic is surveyed usimyrtautical
images. First, the “tangle of legal currents” isatébed with a focus on six global agreements geleto ocean
dumping and the 1991 Protocol on Environmentaldetain to the Antarctic Treaty (Madrid Protocolher
Madrid Protocol strictly controls the disposal aistes generated in the Antarctic region througtouaremoval
obligations. Second, the “sea of challenges” sumding effective control of ocean dumping is hightied. Those
challenges include ensuring full adoption and imp#atation of international agreements relevant&aa
dumping, getting an effective governance grip ogaocfertilization projects, and securing strong plamce
with the two key global agreements targeting oahanping, the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter729_ondon Convention) and the 1996 Protocol to the
London Convention.

Verlaan, P. P. (2009). "Geo-engineering, the LathefSea, and Climate Change." CCLR The Carboni&aié Law
Review3: 446-458

Available at: http://www.ingentaconnect.com/content/lex/ccld2@0000003/00000004/art00007
Plans to address climate change increasingly diechroposals for geo-engineering projects, whoeetsfare
likely to be global, at best only partly predictabhot necessarily wholly benign, and extend beybea




objective. Geo-engineering proposals should recdétailed, precautionary scrutiny by the internadio
community, which requires sophisticated internatldagal instruments and implementation systemsstMo
advanced are proposals for climate-related geaseeging projects that involve or affect the oceaguiring
assessment of their compatibility with internatidasv of the sea. This paper summarizes these pedpo
reviews the applicable legally binding global instients and their mechanisms to assess and regulate
geo-engineering, and examines their implicationgém-engineering in responding to climate chaiige.
concludes that geo-engineering projects must gatistiite of mandatory international legal requieets that are
dedicated to protect and preserve the marine emvient, or they cannot legally proceed
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Temperature-induced mass coral bleaching causartpiity on a wide geographic scale started when
atmospheric CO(2) levels exceeded approximatelyp®20. When CO(2) levels reached approximately 3#0,p
sporadic but highly destructive mass bleaching ecuin most reefs world-wide, often associatedh vk Nifio
events. Recovery was dependent on the vulnerabiflitydividual reef areas and on the reef's previoistory
and resilience. At today's level of approximateBy $pm, allowing a lag-time of 10 years for seageratures to
respond, most reefs world-wide are committed tarawersible decline. Mass bleaching will in futurecome
annual, departing from the 4 to 7 years return-tfnEl Nifio events. Bleaching will be exacerbatgdie effects
of degraded water-quality and increased severehweavents. In addition, the progressive onsetefn
acidification will cause reduction of coral growahd retardation of the growth of high magnesium
calcite-secreting coralline algae. If CO(2) levae allowed to reach 450 ppm (due to occur by ZIBM at the
current rates), reefs will be in rapid and termibetline world-wide from multiple synergies arisiingm mass
bleaching, ocean acidification, and other environt@leimpacts. Damage to shallow reef communitidk wi
become extensive with consequent reduction of bérdity followed by extinctions. Reefs will ceasebe
large-scale nursery grounds for fish and will cdadeave most of their current value to humanityere will be
knock-on effects to ecosystems associated witlsreef to other pelagic and benthic ecosystemsil&i@O(2)
levels reach 600 ppm reefs will be eroding geolagitructures with populations of surviving biogstricted to
refuges. Domino effects will follow, affecting maoyher marine ecosystems. This is likely to haventtde path
of great mass extinctions of the past, adding @cctise that anthropogenic CO(2) emissions coujgdrithe
Earth's sixth mass extinction.
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Available at: http://www.ncbi.nim.nih.gov/pubmed/21753799
The long-term effects of ocean warming on prokacycommunities are unknown because of lack oDhisal
data. We overcame this gap by applying a retrosmectolecular analysis to the bacterial community o
formalin-fixed samples from the historical ContimgdPlankton Recorder archive, which is one of timgést and
most geographically extensive collections of mabimdogical samples in the world. We showed thatrduthe
last half century, ubiquitous marine bacteria @\brio genus, includiny/ibrio cholerae, increased in
dominance within the plankton-associated bactedgaedmunity of the North Sea, where an unprecedented
increase in bathing infections related to thesedn@cwas recently reported. Among environmentaibides,
increased sea surface temperature explained 458& ofiriance ivibrio data, supporting the view that ocean
warming is favouring the spread of vibrios and rbaythe cause of the globally increasing trend &irth
associated diseases.
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New evidence that the climate system may be eslbpesensitive to the build-up of greenhouse gasebthat
humans are doing a poor job of controlling theflueiht has animated discussions around the pasgibfl
offsetting the human impact on climate through &mgineering’. Nearly all assessments of geoengimgbéave
concluded that the option, while ridden with flaarsd unknown side effects, is intriguing becausgsdbw cost
and the ability for one or a few nations to georagr the planet without cooperation from otheesglue that
norms to govern deployment of geoengineering systeith be needed soon. The standard instruments for
establishing such norms, such as treaties, arkelylio be effective in constraining geoenginearsduse the




interests of key players diverge and it is reldyiveasy for countries to avoid incon- venient intgional
commitments and act unilaterally. Instead, efftsteraft new norms ‘bottom up’ will be more effeei Such an
approach, which would change the underlying intsreEkey countries and thus make them more willong
adopt binding norms in the future, will requireiaet open research programmes and assessments of
geoengineering. Meaningful research may also reqadtual trial deployment of geo- engineering systeo that
norms are informed by relevant experience and cammespect through use. Standard methods for etienal
assessment organized by the Intergovernmental Bar@limate Change (IPCC) are unlikely to yieldfuke
evaluations of geoengineering options because s important areas for assessment lie in the ibglrie,
harmful, and unexpected side effects of geoengimgemnot the ‘consensus science’ that IPCC doek halso
suggest that real-world geoengineering will betarlore complex and expensive than currently thobghbtuse
simple interventions—such as putting reflectivetiplas in the stratosphere—will be combined withnpather
costlier interventions to offset nasty side effects
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Available at:
http://www.foreignaffairs.com/articles/64829/dagelictor-m-granger-morgan-jay-apt-john-steinbruaad-kat/the-geo
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As climate change accelerates, policymakers mag teaconsider "geoengineering” as an emergenategly to
cool the planet. Engineering the climate strikestnas a bad idea, but it is time to start takirggriously.
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This article explores international governancaessrelated to a possible future use of geoengimgeachniques.
Despite the serious arguments against geoengiige@aticy-makers may start to take an interest in the
medium term. The article identifies non-technidamcteristics of geoengineering which might infice
governance models, and then discusses three bppaosahes: through the United Nations, by one state
unilaterally, and through a consortium of states.eXamination of international legal instrumentgeads none
that would pose an insuperable barrier to geoergimg Finally, the article argues for early explkoon of the
technological, environmental, political and regaigtissues raised by geoengineering, to maximieekances
of good, science-based multilateral decision malfiapd when geoengineering’s day arrives.
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Available at: http://doi.wiley.com/10.1002/asl.351
The effect of altitude and latitude of sulfatecs® injection into the stratosphere on climatstislied with Earth
system model INMCM. The model includes the generaulation of the atmosphere and oceans as wall as
sulfate aerosol component, and is used to deterthnmost effective injection scenario for reducihg@nges in
temperature and precipitation at a global leveliarttie Arctic

Volodin, E. M., S. V. Kostrykin, et al. (2011). 'tf8ulation of climate change induced by injectiorsoffur compounds

into the stratosphere." Izvestiya, Atmospheric @eganic Physic47: 430-438 DOI: 10.1134/s0001433811040116

Available at: http://www.springerlink.com/index/10.1134/S0003831040116
An atmosphere-ocean general circulation modeuding the atmospheric chemistry and carbon cycle wsad
to perform numerical experiments to simulate theseguences of geoengineering. Out of the five eomiss
scenarios considered here, the scenario wherajdation of sulfur compounds occurs near the equatan
altitude between 22 and 24 km can be considerenhtist efficient in the sense of a maximum decre@ase
globally averaged surface temperature. We constideequilibrium distribution of the sulfate aeroaod
changes in temperature at the Earth’s surface tagifferent altitudes, in precipitation, in ozonencentration,
and in primary plant productivity caused by geoangring.
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Available at: http://www.ncbi.nim.nih.gov/pubmed/11919621
There is now ample evidence of the ecological ttgaf recent climate change, from polar terrestoiaropical
marine environments. The responses of both flodafaumna span an array of ecosystems and orgamaatio
hierarchies, from the species to the communitylfe@espite continued uncertainty as to community a
ecosystem trajectories under global change, ougweexposes a coherent pattern of ecological changess
systems. Although we are only at an early stadberprojected trends of global warming, ecologreaponses to
recent climate change are already clearly visible.

Wang, Y., B. Fu, et al. (2011). "Effects of vegematrestoration on soil organic carbon sequestmaiomultiple scales in
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Available at: http://linkinghub.elsevier.com/retrieve/pii/SOB16210001803
Soil organic carbon (SOC) sequestration by vegetaestoration is the theme of much current redea8ince
1999, the program of “Grain for Green” has beenl@mgnted in the semi-arid Loess Plateau, Chinaclipe
represents the largest vegetation restorationigciivChina. However, it is still unclear for ti#OC
sequestration effects of vegetation cover changatural succession promoted by the revegetatfontgfat
different scales under the semi-arid conditionghisa study, the changes in SOC stocks due togbetation
restoration in the middle of Loess Plateau wenenaséd at patch, hill slope transect and small vgated scale
from 1998 to 2006. Soil samples were taken frord fier the determination of cesium-137 (137Cs) 8QC
contents. Vegetation cover change from 1998 to 20@6e small watershed scale was assessed usoygdaplic
Information System. The results showed that craptaansforming to grassland or shrubland signifilyan
increased SOC at patch scale. Immature woodlawdeVer, has no significant effect. When vegetatiovec has
no transformation for mature woodland (25 year$,@@DC has no significant increase implying thaC3tas
come to a stable level. At hill slope scale, thygecal vegetation cover patterns showed diffe@0C
sequestration effects of 8.6%, 24.6%, and 21.4%h ft698 to 2006, and these SOC increases mainljtedsu
from revegetation. At the small watershed scaleC S@cks increased by 19% in the surface soil lay@~20
cm soil depth from 1998 to 2006, which was equinete an average SOC sequestration rate of 1909¢-t 1
km- 2. Meanwhile, SOC contents showed a signifipasitive correlation (P < 0.001) with the 137Csgeintory
at every soil depth interval. This implied sign#it negative impacts of soil erosion on SOC secatést. The
results have demonstrated general positive eftdategetation restoration on SOC sequestrationudtipte
scales. However, soil erosion under rugged toptyrapodified the spatial distribution of the SOC @esfration
effects. Therefore, vegetation restoration was gdae be a significant carbon sink, whereas, enosiwuld be a
carbon source in high erosion sensitive regions fidsearch can contribute to the performance sissag of
ecological rehabilitation projects such as “GrairfGreen” and the scientific understanding of thpanois of
vegetation restoration and soil erosion on soibcardynamics in semi-arid environments.
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Available at: http://www.annualreviews.org/doi/abs/10.1146/aenenergy.28.050302.105444
Variability of the atmospheric and oceanic cirtigias in the earth system gives rise to an arrayatdirally
occurring dynamical modes. Instead of being spgiiatlependent or spatially uniform, climate vaildpin
different parts of the globe is orchestrated by @na combination of several climate modes, andalohanges
take place with a distinctive spatial pattern rdsiamg that of the modes-related climate anomalsnate
impact on the dynamics of terrestrial and marimesiphere also demonstrates clear signals for the rfbects. In
this review, we view modes as an important attamftclimate variability, changes, and impact ampleasize
the emerging concept that future climate changgsbaamanifest as changes in the leading mode<sdflimate
system. The focus of this review is on three ofl#a@ling modes: the North Atlantic Oscillation, tBieNi™
Decadal Oscillation. no-Southern Oscillation, amel Pacific
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Experiments suggest that biomass-derived bladsotatbiochar) affects microbial populations and soi
biogeochemistry. Both biochar and mycorrhizal asgmns, ubiquitous symbioses in terrestrial ectesys, are



potentially important in various ecosystem servigew/ided by soils, contributing to sustainablenpla
production, ecosystem restoration, and soil cademuestration and hence mitigation of global clen@tange.
As both biochar and mycorrhizal associations abgestito management, understanding and exploiting
interactions between them could be advantageous. e focus on biochar effects on mycorrhizal aissions.
After reviewing the experimental evidence for seffiects, we critically examine hypotheses pertajrimfour
mechanisms by which biochar could influence mydaaihabundance and/or functioning. These mechansms
(in decreasing order of currently available evidegagpporting them): (a) alteration of soil physate@mical
proper- ties; (b) indirect effects on mycorrhizamtigh effects on other soil microbes; (c) plantgius signalling
interference and detoxification of allelochemiaafsbiochar; and (d) provision of refugia from fuhgeazers.
We provide a roadmap for research aimed at tetftese mechanistic hypotheses.
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The first generation of open-ocean iron enrichs€b®93 to 2005) have all had broadly the samegdesi
Enrichment of patches of ocean was typically o &rh length-scale, and experiments were of a duraif
weeks. These scales were dictated by what couldecoently be achieved from research vessels, usiagrs to
track Lagrangian patches. The extrapolation of expntal findings to the larger scales requiredcanbon
sequestration by ocean iron fertilization (OIFMestmany uncertainties, to answer which, longeatttum (i.e.
months) and larger scale observations (100 to 2@(ekgth-scale) are required. However, to extrapdiaa
timescale of decades and to the scale of oceandyasich observations must be conducted in pafaltel where
possible assimilated into) detailed models of thesges and biogeochemistry of the fertilized wat€rsr present
understanding suggests that any carbon sequestvatiaccur as the net result of changes in thesaa flux
integrated over millions km2 and many years, amdardy realistically be assessed by modelling. At role
of the observational studies will be to make suddefs as accurate as possible in their simulaaos
predictions. We present a scheme for the designsetcond generation of ocean iron-enrichments eseds$ the
challenges that are evident in linking the modgliamd observational components of such studies.
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Food production in China is a fundamental compooéthe national economy and driver of agricultymalicy.
Sustaining and increasing output to meet growingaitel faces significant challenges including clintange,
increasing population, agricultural land loss aothpeting demands for water. Recent warming in Clina
projected to accelerate by climate models with @ased changes in precipitation and frequency tkeexe
events. How changes in cereal production and veat@fability due to climate change will interacttiwbther
socio-economic pressures is poorly understoodirikyng crop and water simulation models and twanacies
of climate (derived from the Regional Climate MoB&ECIS) and socio-economic change (downscaled from
IPCC SRES A2 and B2) we demonstrate that by th@2@#e absolute effects of climate change areivelgt
modest. The interactive effects of other driveesrsggative, leading to decreases in total productic-18%
(A2) and -9% (B2). Outcomes are highly dependentliomate scenario, socio-economic development payhw
and the effects of CQertilization on crop yields which may almost tibtaoffset the decreases in production. We
find that water availability plays a significantiting role on future cereal production, due to toenbined
effects of higher crop water requirements (duditbate change) and increasing demand for non-alguiel use
of water (due to socio-economic development). Withamlaptation, per capita cereal production fallali cases,
by up to 40% of the current baseline. By simulatimg effects of three adaptation scenarios we shawfor
these future scenarios China is able to maintaircggita cereal production, given reasonable assangpabout
policies on land and water management and progmesgicultural technology. Our results are opttinis
because PRECIS simulates much wetter conditiomsahaulti-model average, the €€rop yield response
function is highly uncertain and the effects ofrerie events on crop growth and water availabiligylgely to
be underestimated.
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In 1976, John D. Isaacs proposed to use wave eteigvert the density structure of the ocean jamehp deep,
nutrient-rich water into the sunlit surface layérbe basic principle is simple: a length of tubattached to a
surface buoy at the top, and a one-way valve dbdtt®em can be extended below the euphotic zoaettas a
conduit for deep water. The vertical motion of tieean forces the attached valve to open on the slopm of a
wave and close on the upslope, thus generatingndpwavement of deep water to the surface oceahoigh
Isaacs’s wave-powered pump has taken many foros, énergy production to aquaculture to the morenec
suggestion that artificial upwelling could be usedtimulate primary productivity and carbon sednag®n, the
simple engineering concept remains the same. la 4008, the authors tested a commercially available
pump (Atmocean) north of Oahu, Hawaii, to assesddgistics of at-sea deployment and the duralulitthe
equipment under open ocean conditions. This testdeae as part of an experiment designed to eeatuat
recently published hypothesis that upwelling ofevatontaining excess phosphate (P) relative togptn (N)
compared to the canonical “Redfield” molar ratiadléN:1P would generate a two-phased phytoplankiooni
The end result of this field experiment was raptvery (<2 h for a 300-m transit) of deep watethe surface
ocean followed by catastrophic failure of pump mats under the dynamic stresses of the oceanicemaent.
Wave-driven upwelling of cold water was documerfteda period of 17 h, with a volumetric upwellingte of
45 m3 h-1 and an estimated total input of 765 mBubfient-enriched deep water. The authors disthess
deployment of a 300-m wave pump, the strategy ngpgaa biogeochemical response, the engineeririeogas
faced, and the implications of these results fauriiexperiments aimed at stimulating the growth of
phytoplankton.
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Gattuso and L. Hansson. Oxford, United Kingdom,dddfUniversity Pressl76-191.
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Projected anthropogenic warming and increase$ €ncentration present a twofold threat, botmfodimate
changes and from G@irectly through increasing the acidity of the aeg. Future climate change may be
reduced through mitigation (reductions in greenkayes emissions) or through geoengineering. Most
geoengineering approaches, however, do not adiregsoblem of increasing ocean acidity. A combined
mitigation/geoengineering strategy could remove tigficiency. Here we consider the deliberate tigacf
sulfate aerosol precursors into the stratosphdtie. dction could substantially offset future warghand provide
additional time to reduce human dependence onl fogts and stabilize C{concentrations cost-effectively at an
acceptable level.
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No-analog communities (communities that are cortipoglly unlike any found today) occurred frequgrnh the
past and will develop in the greenhouse world efftiture. The well documented no-analog plant conitias of
late-glacial North America are closely linked t@be|” climates also lacking modern analogs, charaztd by
high seasonality of temperature. In climate simaolet for the Intergovernmental Panel on ClimatergieaA2
and B1 emission scenarios, novel climates aris2lliy) AD, primarily in tropical and subtropical regs. These
future novel climates are warmer than any pres@nates globally, with spatially variable shiftspnecipitation,
and increase the risk of species reshuffling intare no-analog communities and other ecologicgiriges.
Most ecological models are at least partially patamized from modern observations and so maydail t
accurately predict ecological responses to theselmtimates. There is an urgent need to testdhastness of
ecological models to climate conditions outside eracexperience.
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The geologic storage (GS) of carbon dioxide (Ci®2merging as an important tool for managing carbdhile




this Journal recently published an excellent revaé¥S technology (Bruant, R. G.; Guswa, A. J.;i&é\. A.;
Peters, C. A. Environ. Sci. Technol. 2002, 36, 2284&A), few studies have explored the regulatornjrenment
for GS or have compared it with current undergroujection experience. We review the risks and laguy
history of deep underground injection on the U.Sintand and surrounding continental shelf. Qurtineant is
selective, focusing on the technical and regulaspects that are most likely to be important seasing and
managing the risks of GS. We also describe cutredérground injection activities and explore hoesthare
now regulated.
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The addition of iron to high-nutrient low-chloroph(HNLC) oceanic waters stimulates phytoplankttading
to greater primary production. Large-scale ar@ficicean iron fertilization (OIF) has been propoas@ means of
mitigating anthropogenic atmospheric CO(2), buintpacts on ocean ecosystems below the photic aene
unknown. Natural OIF, through the addition of ileached from volcanic islands, has been shownharere
primary productivity and carbon export and so camsed to study the effects of OIF on life in tkean. We
compared two closely-located deep-sea sitdd( km apart and both a#200 m water depth) to the East
(naturally iron fertilized; +Fe) and South (HNLO)tbe Crozet Islands in the southern Indian Océam.results
suggest that long-term geo-engineering of surf@aeamic waters via artificial OIF would lead to sfgrant
changes in deep-sea ecosystems. We found thaFthareéa had greater supplies of organic mattetsripuhe
seafloor, including polyunsaturated fatty acid aatbtenoid nutrients. The +Fe site also had greltesities and
biomasses of large deep-sea animals with lowetdefeevenness in community structuring. The spgecie
composition was also very different, with the +ke showing similarities to eutrophic sites in atbeean
basins. Moreover, major differences occurred intéxa at the +Fe and HNLC sites revealing the afuoie that
surface oceanic conditions play in changing anatiiring deep-sea benthic communities.
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One of the most pressing and globally recognitzedienges is how to mitigate the effects of glalalironment
change brought about by increasing emissions @nir@use gases, especially CO(2). In this revievewaduate
the potential contribution of four biological appaies to mitigating global environment change: cetdy
atmospheric CO(2) concentrations through soil cademuestration and afforestation; reducing predict
increases in global surface temperatures througjieasing the albedo of crop plants; and fertilizing oceans to
increase primary productivity and CO(2) drawdowre ¥énclude that none of these biological approaates
'magic bullets' capable of reversing environmedii@nges brought about by increasing emissionseaingrouse
gases. However, it is possible that increasing atbpdo and soil carbon sequestration might cantgibowards
mitigation on a regional scale. In the absencegélly binding international agreements to reduc¢2}
emissions, we propose that: increased efforts aderto identify novel biological mitigatory stratesj further
research is conducted to minimise the uncertaiptiesent in all four of the biological approachesdatibed; and
pilot-level field work is conducted to examine fleasibility of the most promising strategies. Fipgai is
essential to engage with the public concerningeggras for mitigating the effects of climate chahgeause the
majority of the biological approaches have effegtste possibly of a negative nature, on ecosysemwices and
land usage.

Woolf, D., J. E. Amonette, et al. (2010). "Sustaiesbiochar to mitigate global climate change."iatcommunications

1: 56-56 DOI: 10.1038/ncomms1053

Open Access Article* Available at:
http://www.pubmedcentral.nih.gov/articlerender.Ragitid=2964457&tool=pmcentrez&rendertype=abstract
Production of biochar (the carbon (C)-rich sobdnfied by pyrolysis of biomass) and its storageoits frave
been suggested as a means of abating climate cbgrsgguestering carbon, while simultaneously gliog
energy and increasing crop yields. Substantial tiaicgies exist, however, regarding the impactac#y and
sustainability of biochar at the global level. listpaper we estimate the maximum sustainable ieapotential
of biochar to mitigate climate change. Annual matssions of carbon dioxide (CO(2)), methane andu#
oxide could be reduced by a maximum of 1.8 Pg C@(2puivalent (CO(2)-C(e)) per year (12% of current




anthropogenic CO(2)-C(e) emissions; 1 Pg=1 Gt),tatad net emissions over the course of a centyr{3d Pg
CO(2)-C(e), without endangering food security, kettor soil conservation. Biochar has a larger atevrchange
mitigation potential than combustion of the sam&aunably procured biomass for bioenergy, excegnifiertile
soils are amended while coal is the fuel beingatffs
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Anthropogenic emissions of carbon dioxide (CO2)steadily increasing the concentration of thiegh®use
gas in the Earth's atmosphere. The possible lamg-tensequences of this elevated concentration leavi®
proposals for a number of large-scale geoengingadhemes that aim to enhance or augment natokal f&ir
CO2. One such scheme proposes deploying a largberurhfloating “pipes” in the ocean that act t@nslocate
nutrient-rich seawater from below the mixed layetite ocean's surface: the nutrient supplied shenidnce the
growth of phytoplankton and consequently the expbdrganic carbon to the deep ocean via the bicddg
pump. Here we examine the practical consequendbgsacheme in a global ocean general circulatiodel
that includes a nitrogen-based ecosystem and tigedchemical cycle of carbon. While primary producis
generally enhanced by the modeled pipes, as expehteeffect on the uptake of CO2 from the atmespis
much smaller, may be negative, and shows consildesphtiotemporal variability.
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Iron fertilization of macronutrient-rich but bigaally unproductive ocean waters has been propfused
sequestering anthropogenic carbon dioxide JCThe first carbon export measurements in thel@watOcean
(SO) during the recent SO-Iron Experiment (SOFeX)dgd (1900 t C exported per 1.26 t Fe added. This allows
the first realistic, data-based feasibility asse=snof large-scale iron fertilization and corresgiog future
atmospheric COv prognosis. Using various carboireaymdels, we find that if 20% of the world’s sudaocean
were fertilized 15 times per year until year 21i0@ould reduce atmospheric GOy ]15 ppmv at an expected
level of (1700 ppmv for business-as-usual scenarios. Thusd@asthe SOFeX results and currently available
technology, large—scale oceanic iron fertilizatigpears not a feasible strategy to sequester gaitpeaic CQ.
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The future of tropical forests has become one @fi¢hnic issues in climate-change science. A nurobstudies
that have explored this subject have tended tosfocuthe output from one or a few climate modetsctvwork
at low spatial resolution, whereas society and eosadion-relevant assessment of potential impacigires a
finer scale. This study focuses on the role of atieron the current and future distribution of huinggbical
forests (HTFs). We first characterize their conterapy climatological niche using annual rainfaltlamaximum
climatological water stress, which also adequadelscribe the current distribution of other biométhin the
tropics. As a first-order approximation of the puial extent of HTFs in future climate regimes defi by global
warming of 2(°)C and 4(°)C, we investigate charnigase niche through a combination of climate-cheaang
anomaly patterns and higher resolution (5 km) ndmsirrent climatology. The climate anomalies azewkd
using data from 17 coupled Atmosphere-Ocean Gearallation Models (AOGCMs) used in the Fourth
Assessment of the Intergovernmental Panel for Gértdange. Our results confirm some risk of foreseat,
especially in eastern Amazonia, Central Americaarts of Africa, but also indicate a potential éxpansion in
other regions, for example around the Congo B&dsie.finer spatial scale enabled the depiction o il
resilient and vulnerable zones with practicallyfukdetail. We further refine these estimates bysidering the
impact of new environmental regimes on plant wedtanand using the UK Met Office land-surface schémhe
the HadCM3 AOGCM). The CO(2)-related reduction liarp water demand lowers the risk of die-back aamt ¢
lead to possible niche expansion in many regiohs.analysis presented here focuses primarily onotygical
determinants of HTF extent. We conclude by discuygstie role of other factors, notably the physiaabeffect
of higher temperature.
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The effects of ozone depletion on global biogeauhal cycles, via increased UV-B radiation at tteatk's
surface, have continued to be documented overasiedpyears. In this report we also document varedtects of
UV-B that interact with global climate change besmthe detailed interactions between ozone deplatio
climate change are central to the prediction amduation of future Earth environmental conditiofikere is
increasing evidence that elevated UV-B has sigaifi@ffects on the terrestrial biosphere with intgoair
implications for the cycling of carbon, nitrogerdasther elements. Increased UV has been showrmltmén
carbon monoxide production from dead plant mattéeirestrial ecosystems, nitrogen oxide produdtiom
Arctic and Antarctic snowpacks, and halogenatedtsuizes from several terrestrial ecosystems. Neglvest on
UV effects on the decomposition of dead leaf mat@onfirm that these effects are complex and sgespecific.
Decomposition can be retarded, accelerated or reamaihanged. It has been difficult to relate efexftUV on
decomposition rates to leaf litter chemistry, as thvery variable. However, new evidence showsdifécts on
some fungi, bacterial communities and soil faursa tould play roles in decomposition and nutrigiiog. An
important new result is that not only is nitrogemaling in soils perturbed significantly by incredsgV-B, but
that these effects persist for over a decade. thsgan cycling is temperature dependent, this figdilearly links
the impacts of ozone depletion to the ability @ik to use nitrogen in a warming global environiméhere are
many other potential interactions between UV amdatie change impacts on terrestrial biogeochenigees
that remain to be quantified. There is also newl@vte that UV-B strongly influences aquatic carbitmopgen,
sulfur, and metals cycling that affect a wide ranfjkfe processes. UV-B accelerates the decomipositf
colored dissolved organic matter (CDOM) entering $ba via terrestrial runoff, thus having imporeffécts on
oceanic carbon cycle dynamics. Since UV-B influenibe distribution of CDOM, there is an impact &f-B on
estimates of oceanic productivity based on remesiag of ocean color. Thus, oceanic productivétyneates
based on remote sensing require estimates of CDGMkbditions. Recent research shows that UV-B fianss
dissolved organic matter to dissolved inorganidoarand nitrogen, including carbon dioxide and amionm
and to organic substances that are either momssreadily available to micro-organisms. The exdéthese
transformations is correlated with loss of UV albsorce by the organic matter. Changes in aquaticgpyi
productivity and decomposition due to climate-reththanges in circulation and nutrient supply, Wiaccur
concurrently with increased UV-B exposure, haveesgistic influences on the penetration of lighbiaguatic
ecosystems. New research has confirmed that U'¢taftee biological availability of iron, copper aather trace
metals in aquatic environments thus potentiallg&tfhg the growth of phytoplankton and other micgamisms
that are involved in carbon and nitrogen cyclingefie are several instances where UV-B modifieaithesea
exchange of trace gases that in turn alter atmoisptigemistry, including the carbon cycle.
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Downwelling ocean currents carry carbon into taeplocean (the solubility pump), and play a roleantrolling
the level of atmospheric carbon. The formation oftN Atlantic Deep Water (NADW) also releases hedhe
atmosphere, which is a contributor to a mild clienizt Europe. One possible response to the incirase
anthropogenic carbon in the atmosphere and todksille weakening of the NADW is modification of
downwelling ocean currents, by an increase in gadamcentration or volume. This study assessesas$is of
seven possible methods of modifying downwellingents, including using existing industrial techréguor
exchange of heat between water and air. Increasirigon concentration in downwelling currents is pratctical
due to the high degree of saturation of high ldetsurface water. Two of the methods for increasiegrzolume
of downwelling currents were found to be impradtiead four were too expensive to warrant further
consideration. Formation of thicker sea ice by pmg@cean water onto the surface of ice sheetwisest
expensive of the methods identified for enhanciogrvelling ocean currents. Modifying downwellingeam
currents is highly unlikely to ever be a compeétimethod of sequestering carbon in the deep obeamay find
future application for climate modification.




