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Mr. Chairman,membersof the Committees,thank you for the opportunity to appear
beforeyou todayto discussthe issuesof climate changeandnationalsecurity.l am Lee
Lane,a Resident~ellow at the AmericanEnterprisenstitute. AEIl is a nonpartisannon
profit organizationconductingresearchand educationon public policy issuesAEI does
not adopt organizationalpositions on the issuesthat it studies,and the views that |
express here amy own, not those of the organization.

The committeesareto be commendedor addressinghe issuescoveredn this morningOs
hearing.Theyareclearly of greatsignificancel regardclimatechangeasoneof the most
difficult issuesfacing the world andhaveworkedfor the last eight yearson developing
economicallyefficient solutionsto it. All of us, | think, are concernedwith AmericaOs
securityandthat of its citizens.So the committeeshavecertainly focusedon mattersof
prime importance to thAmerican people.

Summary
My remarks address three points:

First, climate changeposesa seriouslong-term problem for the U.S. and the world.

However,viewing it throughthe prism of nationalsecuritymay not providethe clearest
and most useful perspetive from which to think aboutthe difficult tradeoffs that it

presentsSomehaveworried that by worseningenvironmentabndresourceproblemsin

very poor nations,climate changemay posea risk to U.S. nationalsecurity.Ecological
problemsin poor countriesare,in fact, troubling for many reasonsput within the next
twenty yearsor so, expectedglobal warmingis likely to haveonly a modesteffect on

them. Moreover,as many distinguishedeconomistshave pointedout, in the nearterm,

effortstargeedat directly alleviatingthe underlyingenvironmentabndpovertyproblems
are likely to be far more costeffective in reducing problemsthan attemptsto reduce
greenhouse gases (GHGs) will be.

Second, from whatever perspectiveclimate policy is viewed it entails tradeoffs.
Achieving a balancedopolicy requirescareful consideratiorof the costsof mitigation as
well asits benefits.Greenhousgasoutputmustbe curbed,but hasty,unilateralcutswill

imposesignificantburdenson the Americaneconomy If ChinaandIndia do not join the
effort to curtail emissionsjt will yield little environmentabenefit. And attemptsto use
tradesanctiongo coerceChina,India, andothernationson GHG limits will surelyaddto
internationalconflict, not alleviae it. Finally, someof the technologiessuggestedas
possiblesolutionsto climate changethemselvespromptconcernsA large expansiorof
nuclear power would fuel proliferation worries, and by expandingbio-fuels we may
squeeze global food supply. Teadffs are unavoidable.

Third, new technologyis the key to successHalting climate changerequiresa zeronet
emissionglobal economy.TodayOsechnologiesare not closeto beingableto meetthis
goal at reasonablecosts, nor will incrementalimprovemaets suffice. But devising
transformationaltechnologiesand diffusing them globally could easily consumethe
remainderof this century. As time goeson, the risk grows that high-impact abrupt
climate changemight appear.lIt would, therefore,be prudentfor governmento explore



the various novel technologiesthat many scientistsbelieve might producesignificant
globalcoolingin ahighh-GHG world. At this point, thesetechnologiesemainspeculative.
But having them available might provide a vital margin of safety during the long

transition to an emissiefnee global economy.

Climate change and security

The long-term concern

As a humanitariarandeconomigproblem,climatechangedeserveseriousattention.The
harmful effects of climate changewill be hit hardestin tropical Third World nations.
There climate changemay addto water shortagesr degradequality. They may erode
agricultural forest or marine productivity. Higher sealevels may restrictthe supply of
arable landHigher emperatures magxpand the range of tropical diseases.

As political scientistThomasHomerDixon has observedgenvironmentalpressuresnay
promptimmigrationor intensify socialconflicts They mayworseninternationakensions.
Ultimately, legalordermay collapsewithin statesOr ecologicalstresamight triggerwhat
Michael Klare hasreferredto asOresourcaars@verwater,oil, land, or othersourcesf

wealth.In principle, by aggravatinghe existingstrainson resourcesglimatechangemay
add to the levels dtrife.

Gradual climate change and national security

Nonethelessduring the next twenty years, climate changeis likely to stay of only
secondaryimportance.Climate changesmore slowly than do most of the other factors
affecting nationalsecurity.If we think of the nexttwenty yearsasthe planninghorizon
for national security, the warming projectedby the IPCC seems,in comparisonwith
likely changes in economics and politics, relatively modest.

A backwardlook may illustrate the point. ComparetodayOpolitical, economic,and
technologicalenvironmentswith thoseof 1988. The changesare dramatic.To be sure,
climate,too, haschangedbut by comparisorwith, say,thefall of the SovietUnion or the
rise of China,thatchangeis marginal.Warmingmay well accelerateslightly during the
nexttwo decadesEvenif it does,though,its pacewill still lag far behindthat of other
major factors.HomerDixon, for example seesclimate changeas posinga major threat
only afterthe midpointof this centuryor evenlater.In manypoor countries populations
aregrowing, landis eroding,andwateris becomingscarcemuchmorerapidly thanthe
EarthOsemperaturas rising. And evenif climate changewere somehowhalted,unless
the direct sourcesof environmetal stressare alleviated, the problemswill go on
worsening

Otherfactorsalsocomplicateeffortsto view globalwarmingasa nationalsecuritythreat.
For most national security purposes global meantemperaturesnatter littte. What do
matterareregonal andlocal conditions.Yet, the climate modelsare muchlessaccurate
in predictingregionalresultsthanthey are in predictingglobal means.Thentoo, inter-
decadalvariationsin the climate systemcan easily frustrateattemptsto projectclimate



over shorterperiodsof time. Finally, environmentalstressmay be lessimportantas a
securitythreatthanis sometimesassumedAs a sourceof internationalconflict, factors
like governmentcorruptionor ineffectivenessamay be more important than ecologial
ones.To selecta casefrom the currentheadlinesthereis really no point in trying to
boost social order in Zimbabwe by limiting greenhouse gas emissions.

Policy implications

Climate change of the kind we are discussinghere,is potentially troubling primarily

becausadt interactswith otherenvironmentaproblemsin partsof the Third World. These
problemsalready exist. In principle, the rich countriescould interveneto ameliorate
them. Nobel laureate economist Thomas Schelling has often observedthat these
interventionswould aleviate Third World problemsmoredirectly, more swiftly, andfar

more costeffectively thana policy of reducingglobal GHG emissionslt is, for instance,
alreadyclearin SchellingOgiew thateconomiadevelopmenis the bestsingleremedyfor

the ills that climate change may visit on the Third World.

To expandon this point, the latest meeting of the CopenhagenConsensusgroup
identified a seriesof targetedaid measuresthat would provide relatively fast and
extremey costeffectiverelief in manyof the nationsaboutwhich we areworried. These
economistssuggestthat this aid could arrive much more quickly and pay higher
dividendsin povertyalleviation,andpresumablysocialpeaceandstability, thanemission
redudions. If this view is correct,focusingour efforts on climate changewould seemto
be looking at the problems from the wrong end of the telescope.

Abrupt climate change

The abovediscussiorfocuseson gradualand continuousclimate change Fasterchange
cannot,however,be entirely ruled out. In the past,climate hassometimesshiftedin the

courseof afew decadesThis hasled to atleastoneeffort to identify the nationalsecurity
effects of hypothetical abrupt high impact climate change.The problem with such
exercisess thatthe scienceis too uncertainto allow for muchusefulanalysisor policy

planning. The experienceof the 2003 report commissionedy the Pentagon(3ffice of

Net Assessmentilustratesthe point. In this report, the authorsas®rted: ORathethan
decade®r evencenturiesof gradualwarming,recentevidencesuggestshata moredire

climate scenario may actually be unfolding.O

Thereportproceededo sketcha seriesof Dantesqueonsequence®f these perhapghe

moststartling wasthat North Americaand Europewould be plungedinto a climatic arid

deepfreeze.Thesepredictionsof imminent doom, however,drew scathingcomments
from the scientific experts,and the latestIPCC report finds that the consensu®f the

modelsis that Europe,far from freezing,is likely to continuewarming throughoutthe

21% Century.lt is hardto seehow repeatingthe experienceof the 2003reportis goingto

provide a more useful guide to future policy than emerged from that effort.



Mitigation strategies

Difficulty of global GHG abatement

As ScottBarrettof JohnsHopkins hascommentedthe task of forging an international
agreemento curtail GHG emissiongequirescostly affirmative efforts by manynations,
an especially difficult challenge for the international system. Yet international
cooperationis essentialfor GHG controlsto be effective. While the United Statesis a
major sourceof greenhousgasemissionsit is notthe biggest.Chinais. Chinais alsothe
fastestgrowing source.China, however flatly refusesto curb emissionsn any way that
would slow its economic growth. So do otheopdut fast growing, nations.

Emissiongrom China,India, andsimilar countriesarerising so rapidly thattheir growth
is likely to swampthe effects of whatever America does. Thus, without the active
cooperatiorof the Asian and SouthAmericannations,the U.S. and Europecannoteven
preventthe continuedgrowth of annualemissionsYet the fast growing Asian countries
have refusedto acceptthe costsof controlling emissions,and at leastsomeeconomic
analysis suggests that they are being economically rational to continue doing so.

Problems raised by attempts to reduce emissions

Thisimpassehasbroughtsomein Congresgo the point of consiceringtradesanctionsas

part of legislationto control domesticGHG emissions.Such provisionswould clamp

sanctionson China, India, and other countriesthat refuseto adoptGHG curbs.Clearly,

this stepwould affect AmericaOgelationswith the countries it soughtto coerce Whether
the resultingconflicts would rise to the level of a nationalsecurityconcernis, | suppose,
a matterof judgment.It would certainly put additionalstrainson the internationaltrade
regime.Theseimplicationsof coerciveclimate diplomacyareworthy of consideratioras

part of the larger question.

Similarly, someof the technologiedikely to becomepart of a GHG reductionstrategy
poserisks of their own. Nuclear power has certainly raisedvarious security concerns.
Biofuels now standaccusedf worseningthe globalfood crisis. In bothcasesattempting
to greatly expandthe use of these technologieswould encounterserious resource
constraints.Future technologicalprogressmay erasetheseproblems,or at least ease
them That such progress will occur and when is, however, unclear.

My pointis not eitheranti-nuclearor antrbiofuels.l hopethatboth canplay a partin the
solution. Many othertechnologieswill alsobe neededBoth technologiesnvolve some
risk. Climate policy is about balancingtheserisks againstthose of climate change
whether or not we call the risks matters of national security.

The need for new technology

Without new technologiesthat lower the costsof cutting emissions,it seemshard to
believe that a global consensusn reducingemissionss likely to form. Fortunately the



long run outlookfor newtechnologyis fairly bright. Pastfundingfor researchn sciences
that are potentially relevantto greenhousegas reductionsmay meanthat many new
discoveriesare already,Ointhe pipeline.QAnd analysisdonefor the U.S. Departmenof
Energy has shown that speculative but plausible,progresson somekey technologies
could reducethe costsof stabilizinggreenhousg@asconcentration®y, literally, trillions
of dollars.

A closerlook, though,alsosuggestsautionand patience The technologicakolutionsto
climbing levels of greenhous@asesmay be slower than we would hope and lessthan
perfectwhenthey arrive. It is worth examiningfour importantreasondor believingthat
patience will be required.

First, solutionswill requirenew scientific knowledge not just new gadgetsThe widely
cited Hoffert et al 2002 Sciencearticle, observedthat existing technologiesand the
expecteextensims of themwerewnholly inadequateo the taskof stabilizinggreenhouse
gas concentrations.The article also argued that nothing less than multiple large
breakthroughs basicsciencecould createthe revolutionarynewtechnologieshatwere
needed.Howe\er, ex ante the outcomeof R&D is notoriously uncertain. Will the
progressenvisionedoy Edmondsmaterialize?f it does,when?Thereis far more doubt
than would be the case were we considering the simple extension of existing
technologies.

Seconda long lag often occursbetweenthe discoveryof new scientific knowledgeand
its first use in new processe®r products.Another lag is common before the latter
succeedn anengineeringandeconomicsenseAnd the perfectednnovationmay takea
long while to diffuse throughthe economy.EconomistNathanRosenberdasexplained
very clearly why the processis so time consuming,but the upshotis that the full
economic payoff of discoveriesin basic scienceis often realized only after several
decades.

Third, in the caseof climate, the lags are likely to be especiallylong becausethe
innovationsmustdiffuse acrosamostof the globe.Innovationsmadein Americaor Japan
may not fit marketand institutional conditionsin Chinaand India until they havebeen
adaptedto local conditions.Thoseconditionsmay differ widely from those prevailing
wherethe invention originated.In climate technology,therefore,we might expectthe
diffusion procesdgo be unusuallylong. An approacHike carboncaptureandstorag, the
use of which dependscompletelyon governmentpolicy, may have an especiallyhard
time in countries like China and India, where governments are most unlikely to foster it.

Fourth, at this point, we do not know what technologiesare likely to meetthe need.It
may be spacebasedsolar power. It may be nuclearwith fuel recycling. It may be
microbesthat producefuel. Or, to cite JaeEdmondsagain it may be somethingof which
we cannotconceiveuntil a future breakthroughin basic scienceopensour eyesto its
possibility. Oneimplicationis thatthe problemhereis quite differentfrom thatinvolved
in the Apollo or ManhattarProjects.There,the scientistshada relatively clearconceptof
what they were looking for. Here, our vision of the goahisch cloudier.



However,many of the innovationsneededo solvethe climate problemdependon new
discoveriesin basicscience.The economicrewardsof suchdiscoveriesalthoughthey
can be very large for society as a whole, are notoriously difficult to capturefor the
organizatiorthatmakesthe discovery As aresult,alargegapdevelopsdetweerthelevel
of private R&D investmentsandthe level that would be optimal for societyasa whole.
Patentstax credits,andsubsidiesaredesignedo remedytheresultingR&D shortfall, but
apparentlythey are only partly successfulThe gapbetweenactualR&D investmentand
the optimal level appearsto be large. In the U.S., for example,R&D investmentis,
according to some estimates, only about a quarter aftimal level.

A possible additional approach

Theseconsiderationsuggestthat the technologicalmeansof low cost GHG emission
cuts could be long in coming. As time goeson, the risk grows that high-impactabrupt
climate changemight appeaN althoughthe size of that risk remainshighly uncertain.
However,anotherfamily of technologiesnight provideanaddedmarginof safetyduring
the transition. The ideabehindthemis simple.Whensunlightstrikesthe EarthOsurface,
greenhousaasesin the atmosphee trap someof the heatthat is generatedA slight
decreasén the amountof sunlightreachingthe EarthOsurfacecould, in principle, offset
the warming. Scientistsestimatethat deflectinginto spaceonly 2 percentof the total
sunlight that strikes the Earth would be enoughto cancelout the warming effect of
doubling the prendustrial levels of greenhouse gases.

Scatteringthis amountof sunlight may be relatively easy.Pastvolcanic eruptionshave
shownthat injecting relatively small volumesof matterinto the upperatmospherecan
scatterenoughsunlightbackinto spaceto causediscernablecooling. The 1991 eruption
of Mt. Pinatuboreducedglobal meantemperatureby about.5 degreeCelsius. These
temperaturgeductionswvere apparenin just a few monthsand persistedor aboutthree
years.

Some scientists propose, therefore,to use modern technologyto create a carefully
engineeredanalogueto this effect. Proposalsto seriously study geoengineeringare
gaining adherentamongclimate policy experts.In late 2006, NASA andthe Carnegie
Institution jointly sponsored high level expertworkshopon the subject.The workshop
report observedthat suchdistinguishedscientistsas Ralph Cicerone,Paul Crutzen,and
Tom Wigley, havesuggestedurther study, andit noted, Promnenteconomistsuchas
William Nordhausand ThomasSchellinghavelong arguedthat the concept warranted
further exploration as we

| haveincludedas AttachmentA the ExecutiveSummaryof the NASA workshop.The
promising although untried state of geoengineeringtrongly suggeststhat the federal
governmentshoulddo the R&D neededto explorethis concept.Big questionspersist,
and expertscontinueto differ on the balancebetweenthe possiblebenefitsand risks.
Only resarch canresolvethe outstandinguncertaintiesin light of the long delaysthat
may occur before significant progress on mitigation, an R&D investment in
geoengineering seems prudent.
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In November of 2006 the NASA Ames Research Center and the Carnegie Institution of
Washington, Department of Global Ecology at Stanford University sponsored an expert
workshop on the use of solar radiation management as a strategy for coping with the
challenge of climate change.

The basic concept of managing Earth@radiation budget isto reduce the amount of
incoming solar radiation absorbed by the Earth so asto counterbalance the heating of
the Earth that would otherwise result from the accumulation of greenhouse gases.

Theworkshop did not seek to decide whether or under what circumstances solar
radiation management should be deployed or which strategies or technologies might be
best, if it were deployed. Rather, the workshop focused on defining what kinds of
information might be most valuablein allowing policy makers more knowledgeably to
addressthe various options for solar radiation management. The report concludes with
an appendix that describes important environmental science, engineering, and policy
research issues.

Solar radiation management concepts

The volcanic eruptions of El Chich—a and Pinatubo injected enough sulfate aerosol into
the stratosphere to decrease temperaturesin the Northern Hemisphere for 1to 3years
by several tenths of a degree Celsius. Repeating the aerosol injections and optimizing
them for cooling could amplify the impacts on global temperatures. Further research
could assess whether this approach could safely counter the significant increasesin
temperature that could occur by 2100 if anthropogenic greenhouse gas emissions
continue unabated. Research could determine, for example, whether injections of
sulfates or other materialsinto the stratosphere could diminish cooling in the Arctic
region, an area of seemingly high vulnerability to climate change.

Workshop participants also considered other approachesto solar radiation
management, such as a plan to raise the reflectivity of low altitude marine clouds. Work
has begun on designing seagoing hardw are capable of producing the upward directed
spray of mixed air and seaw ater intended to increase cloud reflectivity. Another
proposed approach wasto block some sunlight with an orbiting space sunshade. The
inner Lagrange point L1 point isin an orbit with the same one-year period asthe Earth,
in-line with the sun at a distance where the penumbra shadow covers, and thus cools,
the entire planet. A presentation on this concept proposed several approaches for
overcoming the various engineering and economic challenges a sunshade presented
although those challenges remain daunting.

These concepts have been the subject of some preliminary theoretical analysis, but none
have been tested in the field under controlled experimental conditions.

Solar radiation management as climate policy



Research into solar radiation management approaches could develop information
related to effectiveness and unintended consequences. Research could proceed in a
carefully graduated series of theoretical studies and experiments. If the deployment of
such technologieswere ever to come under consideration, having generated detailed
knowledge about the consequences of each option could be extremely valuable. On the
other hand, research may show that solar radiation management strategies would not be
feasible for any of a number of reasons.

Although the workshop did not address the issue of the circumstances under which
solar radiation management should be deployed, participantsQviews on this matter
appeared to span the gamut including (i) never, (ii) only in the event of an imminent
climate catastrophe, (iii) as part of atransition to a low-carbon-emission economy, and
(iv) in lieu of strong reductionsin greenhouse gas emissions. More importantly, the
discussion illuminated important differencesin the economic and political implications
of solar radiation management depending on whether deployment occurred in the face
imminent climate emergency or wasimplemented preemptively well in advance of
crisis conditions. Thusthe circumstances under which solar radiation management
might be deployed could have major implications for its economic and policy
implications.

Possiblerisks, uncertainties, and objections

One major focus of the workshop was to identify the factors that might militate against
research or deployment of solar radiation management technology. Participants noted
several such potential objections. These included:

¥ Solar radiation management systems are unlikely to perfectly reverse all climate
consequences of greenhouse gases and could introduce new changesin regional or
seasonal climate, so some climate change might be expected even with the deployment
of such systems.

¥ Modeling indicates that if a solar radiation management system were shut down
suddenly after prolonged operation the climate system could warm very rapidly.

¥ Injecting sulfur into the stratosphere would likely diminish spring Northern
Hemisphere stratospheric polar ozone levels, although the amount of diminution is
currently uncertain and extreme Antarctic-style depletion isunlikely.

¥ Solar radiation management will neither reverse nor exacerbate non-climate effects of
COzincluding fertilization of the land biosphere and acidification of the ocean.

Theworkshop scope focused on preliminary characterization of some elements of a
possible solar radiation management research program. Research into solar radiation
management could have implications for other approachesto addressing climate change
and could have various political consequences, both domestically and internationally.
These considerations may be important, but were beyond the scope of our workshop.



