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Mr. Chairman, memkers of the Committee,l amdelightedto appea before you today to discuss the
subjectof voluntary carbon offsets. By way of background, | ama Serior Fellow atthe Certer for

American Progress herein Washington, DC wherel run the blog ClimateProgress.org. | am author
of the recer book Hell and High Water: Global WarmingN the Solution and the Politics (Morrow,

2007) and have published ard lectured widely on climate science and solutions.

| servedasActing Assistart Seaetary atthe U.S. Departmert of Energy's Offi ce of Energy Effi ciency
and Renewahlle Energy during 1997 ard Principal Deputy Assistant Secretary from 1995 though

1998. In thatcapacity, | helped manage the larges programin the world for working with businesses
to develop and use cleanenergy tecmologies | hold a Ph.D. in physicsfrom M.L.T. All referencesin

this tegimony canbe found in my book or on my blog.

We are all grappling with the complexissue of how we canbed avoid catagrophic global warming,
whichisto say how we drive a signifi cart amount of money into projects that reduce emissions of

heattrapping greerhouse gases Offsets areone possible strategy. Yet

¥ if asmartcompany like Google canseriously think it cango greenby burning coal and then
buying offsets

¥ if asmartcompany like PG&E is bragging about a new program that allows customersto
offsettheir electicity emissions by measuressuch astreeplarting

¥ if something ascontroversal and unprovenasoceanfertilizaion canbe sold to the public
under the name carbon offset

¥ if the Vaticancanamounceits intertion to offsets all of its emissions with a Hungarian
foredry initiative

thenthere is something is very wrong about the general understanding of offsets.

| appreciate the opportunity to sharemy views on the subject, which arebased on dozers of

discussions with leadng environmertalists, energy experts, and companesover the pad fifteenyeas.

BACKGROUND

The quedion of how significart a contribution the voluntary market canmake to climate mitigation
canbe undergood only with a full appreciation of the scale of climate mitigation the nation and the
world must pursue. Global concertrations of carbon dioxide, the primary greerhouse gas arerising
atanaceeleraing ratein recert yeard\ ard they are already higherthanat any timein the pag 3
million years While asrecertly assix yearsago, most sciertists thought that neither the Greerand

nor Antarctc icesheets would contribute significartly to sealevel rise by 2100, both ice sheets are



alread/ losing mass, leadng Pemn State climate sciertist Richard Alley to note in May 2006, Orhe ice
sheet seem to be shrinking 100 yea's ahead of schedule O

Worse, the ocearOseatcontert will keepreradating heatinto the earth's atmosphereeven after we
eliminate the heatimbalance, meanng the planet will keepwarming and the glacierskeepmetting for
decaasafter we cut greerhouse gasemissions. Therefore, we must actin an GarticipatoryOfashion

and reduce emissions long before climate change is painfully obvious to everyone.

The plarethaswamedabout 0.8;C sincethe mid-19" certury, primarily becawse of humangererated
greerhouse gasemissions. If we don't shargy reverse theincreas in global greerhouse gas
emissions within the next decade, we will be committing the world to anadditional 2j to 3;C

warming by certury's erd, temperauresnot seenfor millions of years when Greerdand and much of

Antarcticawereicefree,and sealevels were 80 feethigher.

How fag canthe sealevel rise? Following the lag ice age, the world saw sustained metlting that
raisedsealevebk morethan a foot a decade. NASAOslamesHansenN the country's leadng climate

sciertistN believeswe could seesuch a catagrophic melting rate within the certury.

To avoid this fate, we must sharply reduce global carlon dioxide emissions from fossil fuel
combustion. As anexample of thekind of reductions required by climat change, both Florida
Governor Charlie Crist and California Governor Arnold Schwarzeregger have committedtheir states
to reduce greerhouse gasemissions to 80% below 1990 levek by 2050. The Sde Climate Act, which
Chairman Markey hassponsored, requiressimilar cuts. The United StatesClimat Action
ParhershipN agroup of businessesard leadng ervironmertal organizaionsN hasemtraced 60% to
80% cuts. Former Prime Minister Tony Blair committed the United Kingdom to a 60% reduction by
2050. All industrializednations, including the United States needto achieve reductions of 60% to

80%, which requiresemissions to peakin the next decade.

And yetgovernmertsN egecially herein United StatesN have beenslow to embracethe regulations
neectdto avoid catagrophe. Absert regulations, it is no surprise thatindividuals and companieshave
sought voluntary or unregulated strategiesfor reducing emissions, of which offsets areone of the

primeexamples



CARBON OFFSETS
Wikipedahasanexcellert introduction to offsets, which | reprint here:

Whenoneis unabe or unwilling to reduce one's own emissions, carbon offsetis the act of
reducing ("offsetting") greerhouse gasemissions elsewhere.A well-known exampleis the
plarting of treesto compensate for the greerhouse gasemissions from personal air travel.

The ideaof paying for emission-reductions elsewhere insteadof reducing by own acionsis
also known from the closely related concept of emissions tradng. However, in contrag to
emissions tradng, whichis requlated by a strict formal and legal framework, carbon offsets
gereraly referto voluntary acts by individuals or companiesthat are commonly arranged by
commercil or not-for-profit carlon-offset providers

A wide variety of offsetmethods arein use N while tree plarting hasinitially beena
mainstay of carlon offsetting, renewalle energy and energy conservation offsets have now
becaneincreasngly popular, and purchase and withdrawal of emissionstrading credtsis
also seerE.

The Kyoto Praocol hassarnctioned offi cial offsets for goverrmerts and private companiesto
earncarhbon credts which canbe traded on a marketplace. This hascontributedto the
increasng popularity of voluntary offsets among private individuals and also companies
Offsets maybe cheaper or more convenient altermativesto reducing one's own fossil-fuel
consumption. However, some critics objectto carbon offsets, and many have quegionedthe
berefits of certain typesof offsets (such astreeplarting), and other project.

No consersus set of rulesexist for determining whatis acredble and viahe portfolio of offsets. In

the absence of alegal framework, mary diff erert groups have come forwardto offer their own set of

standards, and many companeshave come forwardto offer offsets that arequedionable atbeg. Let

me focus on two of the most problematc typesof offsetsin the news. treesand oceanfertilizaton.

FORESTRY OFFSETS

Treesarevery popular offsets. Both the Vaticanand the utility PG& E have emtracedthem.
Unfortunately, they arelousy offsets, for many reasons. Adam Stein, the cofounder of TeraPass, an
offset company, recently noted several Gundamertal reasons exist to be wary of trees asa source of
carbon offsetsOin a post at the Gristmill blog:

The bigged oneistiming. A carlon offset represents not just a specific amount of greerhouse
gasreduction, but also a specific period in which the reduction takesplace One of the mast
badc principlesof offset quality is that, otherthings being equal, you wart to sponsor
reductions that aretaking place now, not at some far-off point in the future.

Unfortunately, treesgrow rather slowly. And particulady whentheyre small, they don't
sequeger much carlon. The small print on treeplarting offsets typically indicat a 40-year
maturity. If you buy atreebasedoffsettoday, you're sponsoring areduction that won't be
complete until 2047E .



A secand concernwith tree-based offsets is permanence. An offsetis only anoffsetif the
reduction is realand ongoing. Treeshave anunfortunate haht of dying or being cut down.
Paricularly giventhetimeframesinvolved, with all the attendart issuesover land rights, it
canbe very tricky to say whatwill happento anindividual foreg severaldecadsdown the
road Same offset companiesclaim to guard against this risk by padding their treeoffset
purchases but suchtactcsdon't seam to guard against large-scale deforegation.

There areadditional problemswith tree-plarting projeds, which | catalog below. But before
delivering the wholelist, | wart to provide some perspective to this downbeat picture.

Thefirst bit of pergectiveisthattreeplarting projects make up anextremely small
percenage of offsetting projects worldwide. For examde, reforegation accounts for 6 out of
1,783 projectsin the Clean Developmert Mechanism (CDM) pipeline. Consumersare
disproportionately aware of treesbecause such projecis make up a disproportionate share of
the tiny voluntary market As mentioned marketerslove thes projects becatse they're cheap
ard consumer-friendlyE.

A third concern, aftertiming and pemmarence,is measireablity. It's fairly complicatedto
measire the amount of carbon absorbedby a foreg; someplarting pracicescanactually
reault in anetrelease of carbon from the soil. A fourth is the aforemertioned sunlight
absorption issue [seebelow]. A fifth isthe possibility of "leakage," which means thatthe new
treesjust displacedeforegation, ratherthanreduceit.
Let me add that after blogging on this subject, | spoke to aforegry expert who works with carbon
offsetaggrecators, and he told me CEverybodyOselling offsets for things they were alread/ doing.O

Thatisthe so-called additionality problem.

For me, one of the bigged quedions about treesis what might be calledthe law of unintended
consequences Just asfossil fuel consumption turned out to have the unintended consequence of
climate change, tree plarting may have its own unintended consequence. Because forest caropiesare
relatively dark comparedto what they replace outside the tropicsN grass, croplands, or snowfieldsN
they absorb more of the sun® heaing rays that fall on them. That negatesthe O@rbon sinkObenefit

treeshave soaking up carlon dioxide.

A 2005 study by the Lawrence Livemrmore National Laboratory and the Carrege Institution of
Waghington, OCimate Effects of Global Land Cover Change Oexaminedthis issue and concluded
Onore resarch is necessary before fored carbon storage should be deployed asa mitigation strategy
for global warming. In particular, high latitude foreds probally have a net waming effect on the
EarthO<limate.O One of the authors, Carrege Instituti onOKen Caldeira, summarizedthe reaults this
way: (North of 20 degrees]l atitude] foregs had a dired warming influencethat more or less
counterbalancedthe cooling effect of carbon removal from the atmosphereOwhich led him to

conclude Oro plant foreds to mitigate climate change outside of the tropicsis a waste of time.O



One canervision two rare cageswhere tree offsets might work: certfied urbantreesand certified

tropical foreg preservation. The word GerifiedOis key in both caes LetOstart with urbantrees

Shacde treesin particular reduce the urban heatisland, providing directcooling aswell asreducedair
conditioning use. | would support urbantreesthat were 1) planted asshade treesand 2) part of an
overal heatisland mitigation strategy thatincludedlighter color roofs. That said, | am unaware of
ary treeoffset program that actually focuseson urbantrees\ primarily because they terd to be more
expersive to plant and more expensive to maintain and monitor thantreesoutside of cities which can
be plartedin large numberin a smal space (rather thanindividually overalarge city). Thetricky
partof urbantree plarting isto setup a cerifi cation systemthat ensuresthese treesare permarertN

and not, say, cut down by some landowner expanding their house or lost in a storm.

Tropical fores preservation is clearly both importart and diffi cult. The key problemisN How canwe
be sure thatthe projectisreaulting in anetincrea® in tropical tree Imagne plarting 1000 acresof
treesin Brazil, where the full extert of amual deforegation is not known precisely. How do we know
2000 acreswonObe chopped down somewhereelse in the country? Until countrieswith tropical
foredsjoin anintermational greerhouse gastreaty and are subjectto rigorous verifi cation strateges

treerelated offset projects will not deliver guararteed quartifi ab e benrefits.

Addressing this ObakageGproblem requiresa country-wide cerifi cation system. Reuters reported on
aforthcoming (Decenber 2007) UN report on this very subject ORedced Emissions from
DeforegationO(RED): CGRED schemeswould be run via national carbon accounting ard verificaion,
rather than being projectbased Remae sersing tectnology and Ogound truthing®checks would
verify reductions and monitor their OaditionalityQ(a net reduction) and Okakageman-mace damage
to fored carbon store9.0 In short, project-based fores preservation, which is how offsets have
typically beenconceived, is no good. Y ou must do geruine cerificaton, but again, this wonObe

cheapor easy.

LARGE-SCALE OCEAN FERTILIZATION

The law of unintended consequencescalls into quegion another potertial offset strategy. | am not an
experton large-scale oceanfertilizaton, though it must be said that few if any such experts exist. |
did do my PhD. thessresarch on physical ocearography at the Scripps Institution of Oceanography.

That work gave meagreatdealof insight and experienceinto the oceansystemN and a greatdeal of



regpectfor both professional ocearographersand the complex nature of the coupled ocean

atmospheresystem.

One of the leadng groups studying the ocearatmaosphere systemisthe Surface Ocean DLower
Atmosphere Study (SOLAS), anew intermational reseachinitiative aimedat achieving a Qquartitative
underganding of the key biogeachemical-physical interacions and feedacks betweenthe oceanard
atmosphere ard of how this coupled systemaffects and is affecied by climate and environmental
change!" Lag month the SOLAS Sciertifi ¢ Steering CommitteeN 18 leadng experts from 13
countriesN issueda Pasition Statemert on Large-Scale OceanFertilisation:

Large-scale fertilisation of the oceanis being acively promoted by various commercial
organisations asastrategy to reduce atmaspheric CO2 levels. However, the currert sciertific
evidenceindicaesthatthis will not significartly increase carbon trarsfer into the deepocean
or lower atmospheric CO2. Furthemmore, there may be negative impacts of iron fertilization
including dissolved oxygendepetion, alteredtrace gasemissions that affectclimate and air
guality, changesin biodiversty, and deaeasd productivity in other oceanc regons. It is
thencritical and essertial that robust and independert sciertific verification is undertaken
before large-scale fertilisation is considered Givenour pre<en lack of knowledge, the
judgenert of the SOLAS SSC isthat ocean fertilisation will be ineffecive and potertially
deleterious, and should not be used as a strategy for offsetting CO2 emissions.

The Referencesfor this statemert canbe found at http://www.solasint.org/.

In 2001, qceansciertists Salie Chisholm, Pqu Falkowski, and John Cullen wrote anarticlein
Science (Dis-Credting Ocean Fertilization.O They point out the leakage problem:

Degite the claims of the proponerts, carbon sequedration from oceanfertilizaion is not
easly verified Besdesmeasiring carbon flux profilesand comparing them with a control
basn, one would have to detemrmine what fraction of the natural storesof N [nitrogen and P
[phosphorus] usedup in the fertilizedpatch would no longer be availal e for phytoplarkton
growth in downstream oceanregons. This would require complex numerical models of large-
scale oceanphysics ard biogeachemistry, the pred ctions of which camot be validated
through small perturbations such aspatch fertilizai ons.

They also note that while no single applicaionOof small-scale fertilizaions subsidizedby carton
credts Qwvould cause sustained eccsystem damageO:

But if it is profitabe for one, it would be profitabe for mary, and the cumulative effects of
mary such implemertations would reault in large-scale consequences-a classic "tragedy of
the commons."

One simple way to avertthis potertial tragedy isto remove the profit incertive for

maripulation of the oceancommans. We sugged that ocean fertilization, in the openseas or
territorial waters, should never became eligible for carbon credts.

| excerpt the article atlength in the addendum to this testimony.



GOLDEN OFFSETS

What type of offset projects makes serse? The two key points arel) we needdeepreductionsin
greerhouse gasemissions ard 2) combustion of fossil fuelsN coal, oil, and natural gasN is
regonsible for over 60% of arthropogenic (human-caused) global wamming. Indeed, in the United
States fossil fuel combustion is regponsible for 85% of greerhouse gasemissions. Therefore, the
major focus of offsets should be fossil fuel combustion, and the bed offsets will jumpstartthe

trarsition to alow-carbon ecanomy.

The Gold Stardard (www.cdmgoldstandardorg) is aninterrmational standardfor offsets whose
project focus exclusively on reducing fossil fuel emissions atthe source. Asajoint statemert by
World Wildlife Fund and other ervironmental groups explained, the Gold Standard, only certifies
project that meetthe following criteria:

¥ theymust be erergy efficiency or renewalle erergy projects (this includes methare to energy
in certain circumgances;

¥ theymust pass asustainable developmert screerN i.e.theremust be evidencethat the project
ismaking areal contribution to sustainal e development and that it berefits the local
community;

¥ theymust only provide anenergy servicethat helps catalyse the trarsition to non-fossil fuel
basdenrergy systems Projecis which gererate credts from the degruction of industrial wase
gasessuch asHFCOsrenot eligible. These projects have little or no wider sustainable
developmert berefits; and

¥ they must follow a conservative, guided interpretation of the additionality requiremert thatis
necesary to demonstrate that a project deliversreal emission savings which would not have
occured anyway under Obisiness asusual®

The Gold standard explicitly excludesforegry projects. | would favor allowing 10% of offset
projects to be certfiedurbantreeprojects and certifi ed nationwide tropical fored preservation. Butin
gereralthe biasshould be for high-quality offsets, since thisis a voluntary and unregulated market,

and hence prone to abuse.

CONCLUSION

Let me conclude by specifically answering the quedions posed by the committeein reverse order.
Q4: Whatisthe future of the voluntary market, and what ought to be the relationship betweenthe
voluntary market and any future mardatory cap-and-trade regmein the U.S.?

A4: Oncethereisamandatory cap-and-trade regmein the U.S,, | believe the voluntary market will

essentially disappearor be foldedinto thatregme. Peqle may still wish to purchase offsetsin order



to became carbon neural, but thenthey will almost certainly simply purchase credts or allowances
on theregqulated, traded market. If thereare credble but inexpersive emissions reductions (i.e.
offsets), they will inevitally be captured by the marndatory cap-and-trade regme. If the emissions

reductions arenot credble, no one will buy them in avoluntary market

Q3: How canwe ersure that individual consumersand companesthat purchase carbon offsets are
getting what they pay for ard that offset projects have ervironmertal integity, with regard to both
climate and non-climat effecs? Are industry standard-setting initiatives adequate, or is there some
role for governmert regulation? If so, whatform should regulation take?

A3: | do not believe industry standard-setting is adequate, so the only way to ensure integrity in the
voluntary marketis governmert regulation. However, | am not certain regulation is worth pursuing
given1) the complexitiesand controverdal nature of offset projecs, and 2) the likelihoodN the
necesity, reallyN of amardatory regmein the near future. That said, amandatory regme will need
to setcredble and transparent protocols for greerhouse gasbaslinesand reductions. Such protocols
arealso neecedfor offset projects, so it might make sense for the governmert to begn a consensus-

based effort to develop those protocolsin any cas.

Q2: What offset project typesare most likely to be effective in mitigating climat change without
adverse side effects, and what typespresen the greaed problems?

A2: | have discussedthis atlength in my tegimony. The beg offset projects satisfy the Gold
StandardN erergy efficiency and renewalle energy invegmerts that meettough OaditionalityOtess
and that jumpstart the trarsition to alow-carlbon ecanomy. The typesof offset projects that present

the greaked problemsaretreesand geo-engineeing such asoceanfertilizaton.

Q1: How significart a contribution could the voluntary offset market make to mitigation of climaie
change, and what steps, if any, could increa® that contribution?

A1l: | don't believe the voluntary offset market canor will make a significart contribution to climate
change mitigation for two rea®ns. 1) The scale of climat mitigation the nation must pursue to avoid
catgrophic impactsis so greaf 60% to 80% reductions by 2050N that only a mardatory regme can
plawsibly actieve such cuts, and 2) We mustN and | believe we willN put in place a mardatory cap
and-trade regme within the next few yeasto have any reaistic chance of meetng the necesary
reductions. Such aregmewould renderthe offsetissue largely moot. | am not certain | would
recanmerd that Congress take steps to increas that contribution, but rather would urge Congress to

focus its efforts on developing and implemerting a mardatory regme.



ADDENDUM

An Excerpt from Chisolm et al., “Dis-Credting OceanFertlization,”
Scierce 12 October 2001: Vol. 294. no. 5541, pp. 309 - 310

Degite the concerns of many ocearographersand environmertal groups, the concep of industrial
oceanfertilizaion is winning advocates Proponerts claim that oceanfertilizaion is aneasly
controlled, verifiable process that mimicsnature; and thatit is an environmertally berign, long-term
solution to atmospheric CO, accunulation. These claimsare, quite simply, not true.

It isnot easly controlled A fertilizedpatch in turbulent oceancurrertsis not like a plot of land. The
ocears are a fluid medum, beyond our control.

It doesnot mimic nature. The proponents argue that oceanfertilizaton is similar to the natural iron
deposition from atmospheric dust, ard to the natural upwelling of nutrierts from the deepsea.Thes
aralogiesareflawed Phytoplarkton speciesthat bloom in regponse to upwelling areadapedto a
turbulent regme, and a complex mixture of upwelled nutrients that arepart of the natural nutriert
regereration cycle of the ocears. Furthemore, proposed dedgns emgdoy anartifi cial chelator, lignin
acid sulfonate, whichis desgnedto keepiron in solution and is chemically differert from
atmospheric iron sources Finally, in intersive commercial oceanfertilization, iron would be
deliveredto ecosystemsat ratesthat do not mimic the 1000-yeartime scalesof glacial trarsition
periods.

Degite the claims of the proponerts, carbon sequedration from oceanfertilizaion is not easly
verified Besdesmeasuring carbon flux profilesand comparing them with a control basn, one would
have to determine what fraction of the natural storesof N and P used up in the fertilizedpatch would
no longer be available for phytoplarkton growth in downstream oceanregons. This would require
complex numerical models of large-scale oceanphysicsand biogeochemistry, the predctions of
which camot be validated through small perturbations such aspatch fertilizai ons.

The proponents' claim that fertilizaion for carbon sequedration would be ervironmentally berign is
inconsistert with almost everything we know about aquatic ecesystems Fertilization changesthe
composition of the phytoplarkton community; it is predsely this feature that givesit the potertial for
increasng carbon flux to the deepsea Corregpondingly, the ocears food webs and biogeochemical
cycleswould be alteredin unintended ways. We have |earred this from inadvertert errichmert of
lakesand coagal waters with nutrierts from agricultural runoff, something we have beentrying to
revere for decades

Fertlizaion advocates try to counter these concerns by arguing that the ocears have alread/ been
compromised Indeed we have known for decadesthat humanacivitieshave reaultedin depeted
fisheries coadal europhicaion, heaw mefal accumulation, and rising dissolved CO; in the surface
waters But doesthis unintendeddeterioration justify large-scale, purposeful interference with ocean
ecaystems? The ocears provide valuab e ecosystem servicesfor the mainterance of our planetand
the sustenance of humansociety, ard the carbon cycle isintimately coupledwith those of other
elemerts, some of which play critical rolesin climate regulation. One camot sequeger additional
carlon without changing coupled biogeochemical cycles.

Models predct, for examgde, that sustained fertilization would likely result in deepoceanhypoxia or
anoxia. This would shift the microbial community toward organismsthat produce greerhouse gases
such asmethane and nitrous oxide, with much higher warming potertials than CO,. Some models
pred ct that Sauthern Oceanfertilization would change patterrs of primary productivity globally by
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reducing the availahility of N and P in the Equatorial Pacffic. The uncertintiessurrounding these
cumulative, long-term, consequencesof fertilizaion cannot be reducedthrough short term, small-
scale experimerts.

To us, the known consequencesand unceriaintiesof oceanfertilization already far outweigh
hypothetical berefits. Models predct thatif all of the unusedN and Pin Sauthern Oceansurface
waterswere convertedto organc carbon over the next 100 years(anunlikely extreme), 15% of the
arthropogenic CO, could be hypothetically sequegered. Becaise deepoceanCO, reervoirs are
evertually re-exposedto the atmasphere through global oceancirculation, this would not be a
permarernt solution. It is argued, however, thatit would buy us time. Givenboth the certain ard likely
consequencesof widegpread oceanfertilizaion, which at some critical scale would not bereversble,
we do not find thisjustifi caion compelling.

We are not arguing against selective small-scale iron enrichmert experiments desgnedto answer
guesgtions about how oceanecasystemsfunction. Such experimerts have provento be extremely
valuabe scientificaly and produce very trarsiern effects. Our objections areto commercialized ocean
fertilizaion--the scaled-up consequencesof which could be very damagng to the global ocears.

To put oceanfertilization asa carlon sequedration option into pergective, we needto remind
ourselveswhy CO; isincreasng in the atmosphereat such arapd rate and to ask how sequedration
could mitigate thisrise. Two basc carbon cyclesoperate on Earth. The first cycleisdrivenby
volcaric outgassing of CO, coupledto the metamarphic weathering of silicate rocks. This cycle
operakeson timescalesof millions of years The secand cycle involvesthe biological reduction of
CO, to organic matter and the subsequent oxidation of the organic matter by respiration. A tiny
fraction of organic carlbon escapesresiratory oxidation and is incorporatedinto the lithosphere,
forming fossil fuels. This process transfers carbon from the fag, biologically drivencycle to the slow,
teconically controlledcycle.

By burning fossil fuels, humans are bringing carbon from the slow cycle backinto the atmosphere
The biological sinksN chiefly foress and phytoplarktonN camot adust fast enough, and do not have
the capacity to remove all this arthropogenic carbon from the atmasphere. For carbon sequedration to
work asaclimate mitigation strategy, CO, must be sequegeredback into the slow carlon cycle.
Oceanfertilizai on doesnot do so; nor doesdirectinjedion of CO, into mid-oceanwaters another
proposed method for carton sequedration. Directinjection short-circuits the biological pump but it
maytrigger unknown effects on deepsealife and thus on biogeacchemical processes

Givenall of the risks ard limitations, why hasthe ideaof industrial scale oceanfertilization not been
summaily dismissed? One answer liesin carlon tradng. One neednot fertilize ertire oceanbasns to
sequegeranamount of carbon that could yield commercial berefits on this articipated market. If
sciertifi cally sound verifi caion criteria could be developed, relatively small-scale fertilizaions could
be very profitabe for individual entrepreneus. True, no single application would cause sustained
ecaystemdamage. But if it is profitabe for one, it would be profitade for mary, and the cumulative
effects of mary suchimplemertations would reault in large-scale consequences-a classic "tragedy of
the commons.O

One simple way to avertthis potertial tragedy isto remove the profit incertive for manipulation of

the oceancommans. We sugged that oceanfertilization, in the openseasor territorial waters, should
never become eligible for carbon credts.

11



