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An Earl Action Climate Change
It ~The target was set even though the negotiators had no way of knowing how costly it

would be to attain. Understandably, countries are reluctant to implement a policy that

Wa ic McKihbi'i i., could potentially be very costly and whose benefits are uncertain. Although there is

Pr.Ac%',r 4 ~~some flexibility built into the Protocol to smooth costs across countries, the total cost

Econonics tI'r results from the overall targets.
A.Aulrnli:-n Nation

\Nmrcsidcnt Senir More importantly, only a subset of countries are part of the agreement and those

Blnoking r,sttto, countries are expected to create new international institutions and laws that can

accommodate the various mechanisms at the foundations of the Protocol. The most

problematic are international trading of emission permits., which requires a system

of monitoring and enforcement that is unlikely to be feasible in the near future, and

the Clean Development Mechanism, which rEquires detailed and costly evaluation

of carbon-reducing investment proposals in developing countries on a project by

project basis.

VVI i has it been so difficult Solving the rrohleml
to take the ext step ofSo what can be done? A number of realistic proposals have been
to take the ewt step Ofmade. One, from Resources for the Future, a Washington, D.C.-

implemsenting the Kyoto based environmental research organization, would place a cap on
the prices of emission permits that each nation would issue. This

Protocol? The simlflpe answver would guarantee that the cost of implementing the Protocol would

is that miechanisms within not exceed a set level.

the Protocol aire too complex A~n alternative is the McKibbin-Wilcoxen (MW) Proposal, devised

I ~~~by the author and Peter J. Wilcoxen, a professor of Economics at

and require too many new the University of Texas at Austin. It proposes a fundamental re-

institutional developments to thinking of the approach embodied in the Kyoto Protocol-Fixed
targets and the international trading of emission permits. Both

be -plausible. proposals have evolved over time and can be considered "early
action policies," while countries still attempt to solve the problems

with the Kyoto Protocol. This brief lays out the key features and advantages of the

MW proposal and its attractiveness as an early action policy.

The fC1ldli1lb1hllWICOll400 Proposal
Rather than centralize the process of reducing carbon emissions and creating new

international institutions, it is better to coordinate responses across countries (what

Richard Cooper of Harvard calls an approach of agreed actions) in an explicit way so

that each country would pay the same price for emitting carbon. Furthermore, it is
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Policy for All CouAtipes
appropniate at this stage to create property rghts over emissions of carbon dioxide
from burning fossil fuels only. WAhile it would be nice to include alternative gases and
sinks as part of a policy, as in the Kyoto Pro ocol, it is an administrative nightmare
to deal with them in the near
term and adds enormous
complexity to the task. In the Rev~ sEmensts of the Mcaibin-Wicoxeo proposal
future these could likely be
added without compromising All eou rtries create two assets:
the system. i

* a iemission permit which is required by fossil fuel

The key innoation of thedustries to supply a unit of carbon annually'

MW proposal is that it would a ~emission endowmlent which gives the owner an
creat t~o missins-reated nission pennit every year forever.

assets and associated markets All cou tries create two domestic markets,-
for both in each country. The
two assets are designed to set a domestic emission permit trading system with a fixed

a long-term goal for ice of $US5 l per ton, of carbon in Annex I countries
emissonsgandelmi thel short a4 a cap Price of $UOSIO in non-Annex I countries;
runsscosts Fortunaitey the shrt dmestic emission endowment trading system with. a ,4I

run coss. Forunatel, the IQ ,d price.
two markets also would 4
create a mechanism for In 200 , all tountries are allowed to make a once-only
managing risks associated alloittli a of emission endowments domestically based on
with climate change policy Kyoto t Ygets for Annex I countries and current emissions plus
within each economy so that a perce tage to be determined for non-Annex I couintries.
little else would need to be Trading in both markets begins in January.2001.~

done to implement - a Permits must be reconciled against production or imports of
consistent and simple carbon onan annual basis at the top of the carbon production
market-based approach to chain-coal mines, oil refin eries, gas refiners Production that
tackling the climate change is xpat ed is exempted.

issue. Every decade there is a meeting of the Conference of the
K ~~~~~~~Parties ao the UNFCCC to evaluate the extent of abatement

The first asset is an emission and the state of climate science,. and to negotiate a new price
permit. This certificate would for per its.
entitle its holder to produce
one unit of carbon per year.
Each permit would have a date stamp and be v lid only in the year issued. The second
asset is an emission endowment, which is a cer ificate that would permanently entitle
the holder to an annual emission permit. The emission endowment is like a
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government bond, or like stock in a corporation, while the emission permit is the

dividend the corporation pays each year to people who hold the shares. The stock

value is the expected value of future dividends.

There is a critical difference between the two asset markets. The endowment

Every ten. years, there market would be one in which the supply of carbon is fixed (the goal of
I ~~~~policy) but the price is flexible. The government cannot issue more endow-

would be a negotiation mentsL after the initial allocation but can buy back endowments in future

between al countries years if the target for emissions is to be tightened. Because the endowment
is perpetual, its price would reflect the expected future price of emission

in which the price' fr permits in each year (which is analogous to the relationship between the
K ~~~~~~~~~~stock price and the dividends of a company).

enis~sion permnits is
agreed to and fned for We treat the market for emission permits-where the price is fixed, but the

output of carbon is variable-quite differently because the permit market is

the next d ecade. directly related to the short-mun cost of carbon. Every ten years, there would

prisbe a negotiation between all countries in which the price for emission

prisis agreed to and fixed for the next decade. The price of permits would be fixed

ieaheconomy by governments selling additional permits into the market after the

permits generated by the endowments have been fully utilized. Thus, a producer that

wants to produce a unit of carbon for domestic use can get A permit in a given year

~~~ A ~~~~by either having an existing emission endowment, purchasing an emission

endowment in the endowment market (sold by another private holder of an

endowment), or purchasing an emission permit in the permit market that is either

supplied by 'A private owner of a permit or the government.

We propose that the initial price of the annual permits-which would determine the

marginal cost of emitting carbonn-be set at $10 (U.S.) per ton of carbon, in 1990

dollars. The price would be the same in all markets in all participating countries, and

thus the cost of removing carbon at the margin in each economy would be identical

in the short run. No complicated system of international trading in permits or global

monitoring would be required-addressing- a central flaw in the current Kyoto

Protocol. Moreover, the value of permits in the United States would not depend on

how permits are generated in other countries.

In contrast, the price of endowments would be flexiblle, reflecting the outcome of

market forces, the period of fixed permit prices in the near future, and the expecta-

tions of private actors as to what is likely to happen after the current negotiation

period. In making spending and investment decisions, industry and consumers would

be expected to respond to both the short-run price signals-which are kno'n for ten-

year periods-as well as the long-run price signals, which are market determined. The

purpose of separating the endowment market from the emissions market is to ensure
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that, over the long, run, emissions do not eXC ed a given limit. The annual emissions
permitting process cannot accomplish this o jective since it operates on the basis of
a fixed price (the emissions fee), not a fixed quantity,

The initial allocation of endowments would beup to each government. We Overall, Ike nationally-
propose giving a significant portion to fossil f el industries as compensation
to shareholders for the capital losses of sign fcant.structural change that based emissions permnt
would result from raising carbon prices, an to galvanize support for the at no mn
policy We also would allocate a portion to evey person in the economy. The
initial allocation of endowments would crtate a natural constituency pro gramt is far more
supporting climate change policies because bhe value of the endowments I
in future years would depend on the comm tment of the government to appealing than the
pursue sound environmental policies. This Wuld create a mechanism for Kyoto Protocol.
enforcement of the agreement that is exclusi eto each country. -*

How Can Developing Countries Del nu11ceu To Participate?
In discussing carbon emission reductions, it is important to distinguish between
Annex i countries and developing countries. F ilure to do so would undulyvinhibit the
growth of the developing world and would not attract their support for a global
system that is absolutely crucial for a succes.sful policy.

Accordingly, it is appropriate in the case of An iex I countries to use the Kyoto targets
as the endowment allocation within each economy. For developing countries,
however, it is only reasonable to allow endow nents far in excess of current require-
ments (the precise levels being subject to in ~ernational negotiation). With endow-
ments greater than requirements for permits over the next several decades, the price
of permits in these countries would be zero, ' nd thus there also would be no short-
run costs. In contrast, the price of endowme ts in developing economies would be
positive, since the price would reflect the expected future price of permits. Thus, a
price signal can be introduced to the deve oping world that will affect current
investment plans without entailing short-run costs.

A developing country can therefore begin to contribute to a reduction in emissions
with a firm commitment in the form of endowments. This reduction will be realized,
however, only when emissions actually bump up against the endowment limit. The
faster a country's economy grows, and thus tie faster pace at which emissions are
growing, the more rapidly the endowment constraint will become binding.

meanwhile, carbon intensive industries will have fewer incentives to move from
Annex I countries into developing countries ii order to avoid the carbon charge in
industrial countries, because all countries will he participating in the overall
emissions reduction program. The different al endowment system-one for first
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world countries, another for developing countries-also would have the added benefit

of factoring in the cost of' emissions in decisions by foreign private investors when

decisions are made about whether to commit funds to developing countries.

Overall, the nationally-based emissions permit and endowment program is far more

appealing than the Kyoto Protocol. All institutions would he created and

Th ke jolectiv'ejbr, managed within each economy. Breakdownslin the infrastructure of any

those interested ingiven market would not spill over to markets in other countries. To be sure,
those interested inthere would be fluctuations in the amount of' global emissions, but such

-notino -onsible ariations would be within a downward trend. Furthernore, decentral-

~~1OI~~~~ P ~~izing responsibility for taking action to individual countries would make the

.. ..... .. climate change policy whole program more sustainable than the Kyoto alternative, which requires

participation by all countries in an international permit-trading regime.

ito allow each country
* ~ ~~t rnits pormAnother advantage of the approach proposed here is that the decennial

to ~~~~~~~negotiation on the permit price would allow a great deal of flexibility.

~*A*ZY~' ilhiou depending on Monitoring of emissions and the extent of induced abatement activities

I ~~could be undertaken more easily than in a global program. If information

other countries, changes, then the price of permits could be changed by international

agreement. The endowment market would reflect this information immedi-

ately and would enable more rapid but cost-minimizing adjustment, if required.

An Early Action Fropo~aI
The permit and endowment approach can and should be easily implemented in the

United States and all other countries as an early action policy. By establishing such

a system with a low initial price for permits, all domestic institutions that would be

required-if and when the Kyoto Protocol is implemented-would be created in the

meantime. To move from the fixed price system that we propose to a flexible price

system under the Kyoto Protocol, all that is required is to remove the government

intervention from the permit market in 2008 and allow international trading of the

permits at the same time. Alternatively, and more likely, countries that implement the

MW proposal would Find that it works so well in providing price signals to consumers

and industry that there will he no need to move to the Kyoto style system in the

coming years.

summlary
The key objective for those interested in promoting responsible climate change policy

is to allow each country to run its program without depending on other countries hut

on an overall framework that provides constructive incentives for private actors to

control emissions efficiently. The proposal outlined here would accomplish this

objective, ensuring sufficient flexibility for private actors, providing incentives for

developing countries to commit to the system, and creating constituencies within all
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countries to sustain the agreement-all wit onut the need for cross-border inter-

vention.

Finally, raising the price of carbon by a kn wn amount in the short run would

establish the insurance premium to be pai( for climate change prevention over

co mi ng years, whilIe re d ucing thLe sh ort-ru n u i c ertain ty for inve stme nt pl an n ing an d

creating a market that accurately prices carhon emissions for long-run planning

purposes. Credible price signals can guarantee that emissions of carbon will be lower

than otherwise would have been the case. Permaps emissions will not be low enough

as time proceeds and we gain better information and improved climate science. But

a flexible system of emissions reduction can c al with this over time.

Starting now with small but significant actior is far better than continuing to argue

over the Kyoto Protocol and failing to implement policies that could make a

meaningful start toward emissions reducti n. The current situation generates

enormous uncertainty for investment decisio s and compounds the cost of climate

change.,
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'Voyag 2 wa cairied out in the Gulf of Mcd,,c in early Therefore, we havc designed a technology demosnisnion using themay 1993. One 9 square Mile Patch was &7flhlized using the long-lived icelated iron fertilizer in the *INIC wiutes of theenhanced cheWed uoon-conrwwwjx pellets. The Ocean conditions equatorial Pacific COce. Tho fixtilized patch will be 5,000 squnrewere munch more benign (no Ome got seasick) and we werc able to miles in area anid designed to sequester betweena 600,00 andfollow the patch for six days. The pellets acted as cxqccte4 2,000,000 tons of C02 The Parch wili be laid by a chemical tankedisCbmlling the chelated ium over a period of four days. The result tha will traverse a Vital P~h' stating at a floating buoy that iswas a bloom of large diatoms that averaged five timaa, baclcgroumd mnaintained as the ocrnter of the pattemn at all times. Whbn Ithe 5,000and reached seven timcs backgrouws Further increse, m squam Mile (80 miles in diamete) patch has been completed, inphytoplankton W&a rstrmictcd by the absence of the next required appraomately four to five days, the commercial ship will return to&Mrdh=9 element, probably Phosphorous, nitrate or. both. Hoever, pr twi ev ac iha rncnenino o4rMF6eOtaoij ns ove ithm er ioncrae Of t h athgv siae in the Ocean, 8A increase of about 20 to 40 times backgrown& Eased60tsofdia toms pPer ton of felte rtili'& zer pellets, Or 1,30 tons Of on patch dissipation mzces determined ftom the fronEx studies tn thediatms er on f celaed ronadded to the waters. Both voyages smie general Pacific location, the reduction in concentfration fromin the Gulf of Mexio were in low mintient, low cbkwrophydl (U4L) di~asion for the cnter of the -ac is expected to be about 2%/Wsxers, vwtich are not favorable to the production of large bloms.uig h 0dy f h et cetfctemo eerhvseA fift voyage, scw~EE ha bee oodco dnteSut n uinig the mo0 advaysof the ls cientloyfic euam od aresteasrhvesseltO0ean' southof New Zealand. Ironsulfate Awa"'b ot 20mi ofusn the sikngbomtadsnwcer theipotocy wincludngdirecth reasponsetoPatch on days 1,3,5 and 7 to keep the concentration ofi ovd rn the saiking bion. s T mc he patchhvese will cotmcsoir therapnsec toeait about 1.0 Iminlar versus a background of 0.01 '7molar. Thc Patch, raking samples to oompare with the backgroundchlorophyll concentnation went up by a factor of six and biomass by measauteents mae& before the perch is laid and, lter;s outside of thea factor of fthee vch a preponderane of diatoms hi the bloom The patch. The acadeadc tam will measure all relevant envfonmternalincrase in biowass was slow~cr in these frigid wattrs than at the frfl im9unil the impacts vanish, wtich is expected to take about 20equator and the bloom concenntion vzs less. However, the bloom days.Thon f r steisonn gre1lasted for about one month, as measured by satellite imagery.
This area is ova- 2,000 miles from any reef system, and inThese experimcnits have added greatly to our biowledge of water 10,000 to 15,000 feet deep that have high oxyen oontentthe biodynainics. and chemistry of the *ocesa Other recent Therefore anoxija that can ocair in shallow waters will not be ameasurements have fntrher increased our understadiag. These Problem. Red tide and noxious alga typically ocau only in shallowhave included the tethered buoy systems (TAO buoys) as weall as the waters so should nDa be a cancera. We wifl not be adding any newSeaWiPS satellite, instrumented buoys and drifter sysemrs These xgaMISMS to the mesan Only increasing thie wnumers of those alreadysYSteMs have, for the first time, provided continuous lneasunweenrs there. This controlled expqaiient will parallel the upwdllings thatOf the Ocean su1rface as well as at deptha, instead of isolated occur off of the coast of Peru in all but the El N-ifo conditions, so wcMeasuremenats forom intermittent ship cruisms This great increase in expect the ewviroment~aj impacts to be benign.data has provided enough undersawding that we can now design atedinolory deosrto ie at prvn h 0 eusan Ponsible Comrnerdalizationpotential of Ocean ferdlizatioa Should the increasing C02 content of the atcrosphare beMaimed Technology Demonstmtjon ~determined to have adiverse imnpacas, the fhrther demonsntrton ofAl~e Tcnll g eosnit this tecrcimlogy can provide a solution, relieving the conocrnsAUof thesc previous expermcnta voyag e, les regarding the contmiuous inoreasc of these adverse impacts CO2Providing a comipelling case far iron lertilization ;n IMIt' waters. qequesrcring could then be carried out in the equatrial Pacific anddid not provide a solid basis for evaluating thL potential for carboni in other I INWjC weaae, 4tpcoialy off' of Antarctica, the main arcasscqnestatioit The fertilie patches were all so snall that they of the ocemn that have a high capacity of sequesteriing C02. Forwere all edge; tme, is, the diffusion in the ocean surface water is so instance, if all the Co, in the atnosphere wiere sequesterod in thepreat that the result Of the featlizaiton, especially the amount of the ocean. it would raise the avcrage concenrmation Of ('02 in the oceanbiamass that sinks below the thetrinoclin, could not be measued, by only about 12%/. The ocean cbemistry would not be altered

TecnolgyDemonstration Area-

Figurel1. Location of PlaedTechnologyDemonstratioA
Por Presentaton azACS Nailone! Meeting, Fuel Chemistry DivisonAprill 3, 2001 PageS3 of 4
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Abstract

Recent articles in Scecmagazine indicate that the US and Canada
may be a net sink for C02, not a net source. Natural sequestration by
agriculture and trees appears tc be the cause of the decrease in the
atmospheric CO2 content of the winds as they blow from west to east over
North America. This sink is expected to diminish over time so that other
sinks will be required. To maintain the balance, perhaps the best additional
sink is by means of CO2 seqa rng through sur face fertilization of the
deep tropical ocean, which can handle the impact of a growing population
and economy while removing the future pressure on agniculture land for
additional CO2 sequestration.'
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Pr'oposed US Policy on Confrot Of 002 Content of the Atmospher e

Proposed US Policy on Controj of C02 Content of the Atmosphere

Executive Summary
The recent increase in the carbon dioxide (002) content of theatmosphere has given rise to concerns of possible adverse effects on climateand a call for early actions to address these concerns. Debate on these mattershas centered on the Kyoto Protocol and the subsequent COP-6 meeting, Thegeneral tenor of these debates has been that the US, as the producer of 24% ofthe 002 released into the atmosphere from burning fossil fuels, is mainlyresponsible for the problem and must bear the largest cost of solvng it Such"soljution" does not include the major use of sinks to remove the CO2 from theatmosphere but only the emissions. "
This view completely ignores thve fact that the US, Canada and Eurasia donot add CO, to the atmosphere but, rather, remove it due to the large terrestrialsinks produoed by their forestation ard agriculturel- The most recent studyindicates that the wind, blowing from the East Coast of North America out overthe Atlantic, has a lower concentration of 002 than the wind blowing in aver theWest Coast, making North America a lamge terrestrial sink,2'3. This sink has beenmodeled but its extent and permanence is controversial.4-5 Therefore, the USneeds to develop and prove, scientifically, technologies that can add to this sinkand are low cost, environmentally benign, high capacity and long-Jived&Development of sinks, such as sequestration by fertilization of the open oceansurface is an approach that meets these criteria. With new technologies the UScan address the concerns of people regarding the 002 content of theatmosphere and can welcome other nations to join in this-endeavor looking toreduce the net CO% production of the world, perhaps to zero, should this prove tobe necessary in the future.

Introduction
The C02 content of the atmosphere has risen from about 285 ppm to 367ppm over the past 50 years. This has produced concerns in many people thatadverse effects will follow, including global warming, sea level rise, destructiveweather patterns, increase in tropical disease and reduced food productionworldwide> While there are some positive effects that have been measured, suchas increased plant growth and increased nighttime temperature in the Arctic,peoples' concerns remain and must be addressed. This has been done on smallscales by increasing the efficiency of energy production and energy use, gettingmore value from each pound of carbon burned as well as small tree planting andsaline aquifer injection projects to produce sinks. Wind and solar energyproduction has received large incentives. There has also been a large shift fromcoal to natural gas, which decreases the 002 produced per unit of heat orelectricity generated but with the increases in natural gas prices, at aconsiderable cost, In the US there has been an emphasis on increasing the fuelefficiency of cars and several states have mandated that electric utilitiesdecrease the net 002 emitted per kilowatt-hour produced. All of this is not

1
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Proposed US Pab)oy on Control of CO 2 i otent of the Atmosphere

sufficient to take care of peoples' oncems, so an international agreement has

been sought to move the process fowrd.

The Kyato Protocol
An international meeting sheld in December 1997 to seek agreed-upon

C02 emissions reductions from th developed countries, embodied in the Kyoto
Protocol. The agreement sets ou goals for developed countries averaging 5.2%
below 1990 emissions by 2008 to 2012- This wo.uld mean a reduction of about
:30% for the US due to our growin economy and population. The agreement
mandated reductions that must be verifiable, deliberate (rather that a result of
standard practice), permanent an avoid saturation and leakage. They must not
include things that would happenanyway and they must "hurt". Trading of C02

credits were discouraged, leaving increased efficiency and reduced GNP the
methods of choice- Developing cuntries were excused on the basis that -

countries like the US were the on is that caused the problem and should feel the
pain of the solution- Emerging na oris like China and India also had no
responsibility and can continue to increase their C02 emissions vMthbut limit. The
European nations expected to rea :their goals by increased efficiency and
conversion from coal to natural ga s and nuclear energy. The basic reasoning
was that the US, with 24% of the 02 Cproduction, is. the major cause of the
problem and therefore should sf ir the major loss in GNP, shifting energy-
intensive industries to develop~ing iations.

Cop-s6
After the Kyoto Protocol wssigned a series of meetings wbre held to iron

out problems and set up workable guidelines to reach the intended goals. These
culminated in COP-S in The H-ague during November 2000. The meeting was
contentious, with the Europeans aemanding no C02 trading across country
boundaries and restrictions of CO2 credits for sequestration, including soil and
trees, with no ocean sequestratio included. The US demanded 002 credit
trading and broad sequestering its as a part of relief for a growing economy
and population. In spite of major oncessions by the US the meeting broke up
with no agreement, leaving the Kyoto Protocol in limbo. This essentially dlears
the slate and gives the US an op ortunity for a fresh approach to meeting
peoples concerns.

Background for Suggested Approach
A new US policy approach is suggested based on two facts:

It The US and Canad take out more 002 from the atmosphere than
they emit, providing anet 002 sink, not a source,

2. The harnessing of ingenuity and creativeness can solve the
problem previously tought to be intractable by such means as
enhanced sinks for C02.

Published studies have sh wnthat North America and Eurasia are not net
emitters of C02 to the atmospher . but take more 002 out of the atmosphere by

:2
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agricuiture and growing new forest trees than they put in by burning fossil fuels.'The US and Canada are also net sinks for C0)2, as reported in the most recentstudyY2, This is due to the planting of trees in the great plains and increases inagriculture from irigation and enhanced farming methods. When anew forest isplanted it sequester-s C02 until it matures to the point where the rotting of deadtrees emits as much C02 as the live trees absorb1 a climax forest. While theoverall trend for the North American net 002 sink appears secure at this time, thevariation in the values around this trend are large. ' 5 Significant effort will beneeded to continue the net sink for the area, including increasing the efficiency offossil fuel use and increasing the use 'of non-carbon energy sources such asnuclear, hydropow~er and solar-driven devices. The stabilization of the NorthAmerican net sink can be enhanced by the increase in land productivity in the US'from new farming technology which is releasing land to provide fir new forestareas, further delaying the return to a" balance of' emission and sequestration ofCO2 in the US and Canadian land area.6 The amount of net sink of 0C2,including emissions from fossil fuel burning, is expected to fall slowly in the yearsahead. The key is that North America is a part of the solution to peoples'concerns, not the problem. While these studies have been available for sevei-alyears, they remain controversial. More measurements of CO2 content of theatmosphere need to be made to characterize the overall C02 flux and moremodeling must be carried out to decrease the margin of error in the predictions.The key point is that sinks count. The enhancement of sinks should be acornerstone of the new US policy going forward.
The Impact of New Technology

The inventiveness of mankind will continue to solve problems, includingthis one- The key is to continue the present trend of diminishing 002 emissionsper person and per dollar of GNP. While we can expect this trend to continue,and perhaps accelerate, the greatest gains are expected to be in C02.sequestration. Several technologies are under investigation but one,sequestration of 002 in the deep ocean by fertilization of the ocean surface,appears to have'the greatest potential. Here a chellated iron fertilizer of the typethat is currently sold in local garden shops is spread on the ocean surfacea Thisproduces a bloom of plant life, mostly diatoms, which double or triple every day,using up the fertilizing elements, after which they die and sink through thethermocline at about 75 feet per day and are trapped in the deep ocean. Thistechnology has been tested in five separate iron fertilization voyages, all of whichproduced a bloom. They were all too small (about 9 to 30 square miles) to allowfor measurement of the amount -Of biomass sequestered- This can be done in aproposed technology demonstration voyage in the equatorial Pacific with a 5,000square mile fertilized area7.
The technology to be demonstrated is:

* Low cost, about $2.00 per ton of C02 sequestered.
* Environmentally benign since it does just what the ocean does naturally in

upwellings, only in a different place.
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* Long lasting since the deep a waters only come back to the surface
through upwellings after an ave rage of about 1600 years-

* High capacity since just the wers of the Pacific Ocean vest of the
Galapagos Islands could, if ne ssary, sequester about 400 million tons of
002 per year with the continuo is fertilization of about 3 million square miles
of deep open ocean- This amc un-t Of C02 sequestered is 20% of the 2000
million tons of C02 that the Us puts into the atmosphere from burning fossil
fuels and making cement.

* Of low ocean impact since 400 million tons is miniscule in comparison to the
total 002 equivalent content of the ocean, which is 145,000,000 million tons.

* Without problems of ackditionalit since this process does not reduce other
sequestration or loss of 002 ftmthe atmosphere due to other human
interventions.

The US needs to have availabi a atechnology of this kind in order to keep its
net 002 production negative in the future and to have the ability to help to
assuage the concerns of people a tthe impacts of other countries such as
India and China as we go forward. To do this the US should carry out continuing
demonstrations of the technology ncluding measurement of local atmospheric
CO2fluxe&-

Rc amnended Policy

The US should take the vA that we Will continue to help the world to
cope with the possible adverse ef scs of the ina-ease in the C02 content of the
atmosphere, should they arise. T'is can be done completely unilaterally and
outside the Kyoto Protocol. The LS can continue to be a net sink of 002 as we
have in the past and can take ste s to develop technologies that will assure that
this will continue after the forest a id agriculture Sinks balance the fossil fuel C02

production in the future.I
The US should use these t cnologies to address the concerns of other

nations resulting from the increase in 002 content of the atmosphere to reduce
the rate of increase, or even to re erse it, if this should become necessary. We
should invite other nations to join with us in this endeavor.

IOiais, et at, "A large northem hemisphere teretra CQ02sink indicaed by the 1 tP2C ratio of afrnospheric

COT", Science Ws9, pp, 1098-1102
2 Tans and White, "in balance, wth alife help fivm the plants", Scince 281, pp 183-184.
3 Fan, et al, "A large terrestrial carbon sink in North America implied by aftospheric, and cowenic carbon
dio~dde data and mnodels", Sdenoe 28Z 18 0 1998, pp 442-44&-
4 Fuwig, I., 'Variable caton sinks, Scince 290 ppl3l3.
5Bousquet, et al, "Regional changes in carondecde fluxes of land and ocans since 1980, science 290,

17 Nov 2000 pp 1342-1346.
6 Ausubel, .J.H., -The great reversalt nature's chance to restoe land and set. TedinologY)n Sodety, 22
~20C0) pp 289-301.

Markets, et al, -The sequestration of carbor dioxide in the deep ocean by ferilitatiort', paper 400847, ACS
National Meeting Aug 20-24, 2000-
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* Dais SubsNNSA Cuts Fundfing For

Toe O'n Q)F P toimDsposl aclty
BY GlEORar LoDSENZ

SolU tion The atioali Nuclear Security Adminifstrationl will Scrap fiscal year

BY 4A DAVIS sigual major change in tDS. nucleair inauptrlifr Dpoiy

NNS" a semi-autonomous agetey within the Energy Department tbat

Eager to solve a key part of rams thU.S. lurlear woaponS oGMPlex,said it wouldnot proceBd u0Ct yes

CalforniAas nery puzzle, Gov. Gray with th psiijli of theb-socdlled immobilization facilitY, whiv h previously

Davis unvivetd. a proposal late Tues- wiis so AV 4 key pan of DOE's dual-trick progrsmn0disl*sc; Of surPlus

day aimed at ensuring piyxnent for IWeap plutonium,

uawurProduiced by so-canled qual*f- NI'1l indicated toe decision was dictated by budget constraints, And

Zn facilities. But his annOUflCentMC sugg's d tbe immobiizationl facility Was being delayed, not killed. It also

annnyedutiliticl and Angered QFs. acdC cedn ihtether tracklof the Plitrnium didlSulP prgrm

* Davis (D) said he wants to Mave Which£lfraV til ulupuoniUitodxdodrMO,

quickly to resolve the needs Of the fuhls 
thcomeiil 

eato*

qualifying fhcillty 0 w.er.-many.-of A' tAad O i k midst of the budget CyclfOr~f'

wha have received little Or DO PAY.- at'tain"'NAsi na statement. 4"The administrationl is looking

ment for their powei sinca h~oea last ye ttar.etad rgam o the next fiscal yeIar 'and wants to tansr the

Ta that and, the Califo otrniapubUC Cdli- Aalbe Cnluda .04

tie's Commissionlf will vote au Dais, ot ~ ~ CnffUdI!
4

proposal Tuesday, the governor said, Se a o F lsF at n P hi g

again by April 1. 
-t.P lu taP lan

: ap "ebecome pivotal Of late CC 2-Less AMuliP L tft
bocluic they have takmn up to 3,100

mepWarts otPOawr ofine in Caliot 
BY CHRIS HOLL

nam due to the Inability of the state's cara fteSnt aienotAdPbi ok omte

nea8rly lbplupt inxestor-oW Udutili- Tb haie no h eae ~ adPbi ok omtt

ties to pay' for tli pOWCT. If $be stutfl Wedinisdy tried but failed to get eutlironmrntulists to sign On to has vision

had access to the pawer, it wo1uld not of a uti-poflliuiit regulatotry program that would regulate utility cmis-

have needed to implement the state- siona ofslu ix .ntogeni oxides and mercury but make carbon

wilde rolling blackouts that tcook place diaxiceisol usvlty

Mond-Ay and Tuesday this weck. So lobr.Sih(-.. r sdsc a regime at a Clean air

* Mthaugh ost of tofacilities art subco ~ m centW and the natio'sMenerY

small, altogether QFS produ~ce about needs utaiiki.telenarguofheainsavoiitfl

30 Percent of Caiifafliii'5 power, a COMEpltl 
u imyso

wlir'sasgment than any single power it do~

*genexatot inthe state; according to the TX4 krtib~ulUr Haik1ns, said emissions trading programs fAvOred by

California Energy Cominilsdi.n Smlt* LWould not -work without a urn limnk on carbon dioxide.

While larger generttofl have be- The oxctngve focused on legislation SmiSh Is drafting that would'

gun selling power to--.md receiving integlat reuao fkyuilt oltft nd extract sigificant emis-

naywentfr~~mt8S~~~Rion 
'reductions from utilitie0 in exchange for giving the industry a

of Water Resources, QF owners are cc bitreut thet no new endijsion. reduction reqtisemntslt would ehne

locked into long-termf contracts with dov by the EavironmeLU plrofectiora'Ag0DCY fore numbsrof yezrs-

donncieDW ailing Pacific Gas & Bloc- as idsupport the Concept of inregrated regulation becauSe it would

nic andSouthen Caliornia dison. gift the grdattr cettainty On. their long-terraZiSgilatory costs. However .

The sall guemta*Whie have the ut-~~atcnetsfee a clear setback when President Bush-

specil feeralstats asqualfyin We g 8 plnri&-CCll announcedhe was opposed to anY

(Conf~~flU~d~fl payeE) cur omlii~~it 
(oaunaied an page 4)

AnVITION OPVBIGBTWMA~hBXAEit Iswu to reprodU this page *ithout writIten pcrtui'ofl from the publisher.
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C02-Less Multi-Pollutant Plan... (C~onfinued from page Ooe)

Despite Bush's announcqinent. carbon reductionamfldatbs tat force the Clean Air Act With U4.S. energy
Smith has remained enthusiastic them to cbmige fuels or make other policy, Linda Stlimiz, (orifier deputy.
about the concept, saying he wants to eicpensive changes later in the de- Energy secretary and now an artor-

reqilre utilities to cut SO2, Nat and Cade. nay with investcr-o*ntd utility ci
mercury but aliow voluntary C02 "We think that a target for carbon ants, said Congress must ensure ta

IUTS.c' .mtbaedalcn.needs to be an intqral part of (the] adutlies not be required to phase out
.InTha van, mit ased awkns.legislation," Hawkins said, noting their use of coal. Instead, lawmakers

to assume that greenhouse Ias reduc- the success of udlities in cutting 802 must establish policies to unsure that
lieins are being made in other sectors redaction casts unader the ca p -and- technologies are developed to allow

through a nuite of government pali" trade Acid Rain Program. By finding coal to be burned more cleanly lid

cics. -emission reduction mntpatiss that efficiently, she said.
'If we Mike aRH those Assuinp- account for alt1 fbux pollutants, utill- Struti, a key player in tke onact-

tions, why is it necessaxy to regulate tics will lower the cost of compliance inen of the 1990 Clean Air Act
specifically the power plants' emis- for eaph pollutant, he said. Amendments'and the 1992 Energy

sious of ebatrbon Smith aaked. "Axe Smith asked if it would be enough Policy Att. said the jiawer Crisis. In
you insisting that irbeccommand and to give credits to utilities that, in:the California And other Western, stakes
control, -end-of-pipec, end of power courSe of cutting S02, Nxand mmer- is, duhp in some 'measure to thei diffi-
plant cemission-connuols on carbon?. cury. also voluntarily reduce C02 ;ulty Senerators have had in obtain-

* Ha~wkins rtplied that onyrovamnon- emissions directly or indirectly., jnj Nat offsets for new power

tzlisms don't necessarily like 0cm-- through planting treces, for example. planta-r-partqulilly in California,
zmand-and-control regulation any' Hawkins replied: "Well, a credit She noted that in response to, the
more than industry does, buzt said if is useful if there is an obligation that crisis, Wzahington Gov. Gzy.Locke
utillbes arvn'tasked tocat CO2falong one applies the credit to, but if you (D) baa asked EPA for waiveUs froIze

with S02, Nat and mercury, the don't have any obligaticis to limit fmderal emissions limits to allow the
.economics. of pollution contro;l fi- carbon then whether or not you pur- uase of diesel generators to keep his
nearing could had many utilities to sue an opportunity to reduce carbon sW at' lights on.
adapt amimsionr abatemennt strattegies is going to be pretty questiaaab~le, "These units an far dirti Ir, by five

that could leave themo-and thbeir bocapso why arc You doing it?", or six orders of magnitude, than coal-

ratepyerzfinaciafl vulerabe to In discusuing how to harmonize fired plants," Sttmtz said.

Plutonium Disposal Facility Funding Cut .. (Frm Paoone)
"In thisipartienlar Wro Ca area continuing it coaveralon, into MOX fbid because the plutonium would

tlIA MO:filt dsgm and cons~uctiba-but arc havii to; undergo expensive purificatien processes.
opting to ]igok at other aspects, such as the imanobiliia- In addition, Clinton adminiDsbtraion officials said

tics facility, in possibe jtr-bud~get cycles."iuohiao was needed so-the United States could
NNSA otfcials hid no other details on budget have a dual-trairk plutonium disposal strategy that

considerations, but other sources ha'&c said the agency is assured there would be a viable disposal method if one
facicg signlllcaat cats in its nonprolifaratioa isogam~s. nethod or the other were to run into technical problems.

..However, some sources said the budget cats could rImmobilization also has had strong support fromn
providn-a pretaxt for killing the immoabilization progamin *ntinucleai greups who are opposed to Xfuel
and using ekisting ZOE facilities to discos. of the. beceuse it would makce commercial use of weapons-
plutonium materials that are suppb sed tobe virfe . usable plutonium, raising proliferation concerns.
*That would represent a major departure from DOE's Not 4wrprisingly, those groups expressed alarm at

plutonium disposal program, as decided upon by the NNSA'u funding decision. b
depamnet severl yuan agpfllowing an exhaustive'oar quite disturbed that they apsrto b

programznatin review. I; also would deviate from the defutiidng the itmmpbiliti~on prograM," said.Tom
* tatas of a U.S.-Russian agreement under whiab~both Cletents, an official with theaNuclear Control Institute.

countries agreed to use both MOX fuel and ftmmabilza,- "It's prudent to keep this track open and operative."-
dion to pal rid of 50 tons of Bur-plus plutonium each. However, immobilization has bcezn viewed witr muspi-

The mmmobilization facility, to be built at DOE's cion by some DOE officials who say existing nuclear
* $vanjn h River Site in South Carolina, is supposed to rpoi ng h3yo22Ga SavanIah River could be used to

prepare for dispqsal 17'imetric torns of pintomdumrips fpuonu eiuswtou h xes n
contaned in scrap Materials leftoaver from past nuiclear U~bt fbidn h mollhlnchy

weapons production. The materials aus to be vitrified r~ te d Mo -a w udmfiiny

placed inside large cauniters of high-level radioactive South Carolinals politically powerful conreioa
waste for underground disposal. The vitrification dalepatiou. wbioh w~ants to keep the aging canyons
process is aimed at immobilizing the Waste in a hi ~ilny z'inmg to miantain jobs.
radioactive package so the plutonium cannot leak Ea -Using thse canyons also could reduce the cost and
-thie'envkonment or be recovered for weapons use. complexity of toe MOX eflbrt, which is Turwing into

The scrap material it considered unsuitable for 4Wficulry in developing plutonium purfi~cation processes.
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Refraining the Climate Change Debate
The United States Sho ld Build A Domestic Market Now

for Greenhouse Gas Emissions Reductions
Ion Naimqn and Debra S.Knopman

Forget the dead-end debate about wn ether the Kyoto climate change treaty negotiated in

1997 is too much, too soon, or too lit-tl , too late. Even if this particular agreement is never

ratified by the Senate, the United States still needs a plan to help stabilize the build-up of

greenhouse gases in the atmosphere. 7[e plan proposed here harnesses market forces and

rewards businesses, goverrnments, dindividuals when they take action to reduce

greenhouse gas emissions. Following this course, the United States could begin to address

the climate change threat without slowing economic growth.
Fossil fuel combustion, forest destruction, and intensive animal agriculture haVe

pumped up atmospheric concentration-s of greenhouse gases like carbon dioxide and

methane to their highest levels in 160, )00 years. By the end of the next century, greenhouse

gas concentrations are expected to be twice what they~were at the dawn of the industrial

age. Studies of past climate, using ice cores from Antarctica, Greenland, and other historical

evidence, show a dlose connection beteen high concentrations of greenhouse gases and

higher global average temperatures. Hgher temperatures could raise sea levels and alter

current climate patterns. For the United States and other industrialized nations, climate-

induced changes in seasonal temper atures, rainfall, storms, drought, and floods could

prove costly but ultimately marxageable. Many developing countries withweak economies

and even shakier social structures wilhave a much harder time adapting to these changes,

particularly if they occur rapidly.' - a
The climate change threat is uniely to go away any time soon. Based oni current

science, greenhouse gas-triggered cage is likely to happen-but just when; where, and

how bbvious its effects will be are hig yucran 2 The dilemma is how to devise a policy

whose benefits won't be seen for genrtosye whose costs will be felt now. The lag time

between action and reaction is so ong that even if nations immuediately cut back on

emissions of greenhouse gases, atmos pheric concentrations would not decline appreciably

for dlose to a century.3

'Congress -ea enp larz and paralyzed bj th'scientific anid economic

uncertainties surrounding climate cage. For the last two years, Rep. Joe Knollenberg (R-

MI) has led the charge in Congress to iriixpose a ban on Administration action to implement

the Kyoto treaty except for basic research on climate change.4 Action on once-promidsing

legislation to grant credits to busiriesses that take voluntary actions to reduce greenhouse

gases has now stalled:' - I

There is a viable, near-term lternative to the false'dchices of the 'Kytdtc or Bust"

debate. Government, business, and idividuals live with uncertainty about bad weather
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and economic downturns every day, and have found ways to act prudently. Businessesand consumers buy all sorts of insurance and other financial products to reduce financialrisks. Public agencies build damns, reservoirs, and levees to reduce the risks of floods anddroughts. Property owners make buildings earthquake-proof and lower risks of physicaldamage. Businesses diversify their interests and investments to buffer their bottom linefrom economidc downturns.

Congress shoulddget over its Kyoto complex and adopt a"no regrets" market-basedpolicy that deals sensibly with the threat of climate change. The policy has three objectives:

Put the United States on a path that leads to real reductions in national greenhouse
gas emissions;
Minimidze the costs of emission reductions to businesses and taxpayers; andEquitably spread the costs and benefits of U.S. climate policy across the economy.

Traditional Regulation Won't Do

The first generation of environmental regulation (so-called "command and control")simply wasn't designed for the greenhouse gas problem. Because of the diversity ofgreenhouse gas emissions sources and even greater diversity of processes for reducinggreenhouse gas enussions, traditional, prescriptive regulation would be impractical,inefficient, and politically unsustainable.6 Under the first generation approach, Congressdecides which industries should be regulated, and government regulators tell businesseswhich technologies to use to comply with regulation, based on their estimates of &rporate
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costs of compliance. Then,by setting deadlines for compliance, regulators decide when and

how much pain the companies shoud endure to comply with the rules.'
The greenhouse gas challeng~ presents an opportunity to advance a 'second

generation" model of market-basedcinentives and information disclosure that recognizes

the significant environmental impact from consumers, consumer products, service

industries, and numerous goverrnmeit agencies. In a second generation approach like

emissions trading, goverrnment sets eenvironmental goals and rules, but lets the private

sector determine optimal ways of acheving the goals under the rules.8 Som~eeonomists

still prefet a direct, across-the-board tax on treenhouse gas emissions or on the carbon

content of fuels, but a broad, new tax is unlikely to gain public acceptance anytime soon.9

Build a Market Now

The single most important action Con ess could take is to establish a domestic market for

greenhouse gas emission credits. A arket would provide a positive economic incentive

for companies, public agencies, and cnuesto reduce their emissions. A market would

encourage those with the lowest ineetlcosts to make reductions first. Building a

market would increase the value of olnaygreenhouse gas reductions taken by many

comp anies. Further, an orgatiized mar ewould reduce speculation about economic effects

of climate change policies by demon trating real-world costs of emissions reductions.'0

The U.S. pioneering experience with controlling sulfur dioxide emissions shows that

a properly designed emissions trading market works. The trading program, established by

the Clean Air Amendments of 1990, sets a graduated series of "caps"1 on total national

emissions of sulfur dioxide. The governmuent allocates credits to electric utilities

corresponding to the amount of sul dioxide emissions permissible under law; these

credits can then be traded among th utilities and others. The "cap and trade" program

lowered sulfur dioxide emissions bel w the required levels at a cost of less than $1 billion

compared to an estimated $4.5 billioi price tag for conventional "command and control"

regulation."11

Here's how Congress should ntiate a market for greenhouse gas emissions:

Authorize a "cap and trade" prgam that would initially set a limit on overall

greenhouse gas emissions co responding to year 2000 levels;

Specify initial allocation of credits to existing generators of greenhouse gas

emissions, setting aside 5 per -ent of credits to auction for new market entrants;

Reduce the overall cap by 1 percent each year;

Require those who receive tal credits to pass them through to customers who

indirectly reduce their greenlouse gas emissions;

Include government agendes as full market participants with the same

responsibilities as companies
Push government purchasing toward more energy-efficient and climate-friendly

goods and services;
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Implement a greenhouse gas information disclosure program to corruunicaterelevant environmental performance information to the public and financial
markets; and
Phase out the administrative allocation of emission credits over 10 to 15 years andgraduallyr replace with an auction of em-is sions credits.

With a national cap on total emissions declining by only 1 percent each year a~d fhe abilityto purchase emissions credits, the potential economic impact of the emissions -market onenergy-intensive industries would be Minimal. Indeed, last year's economy offers hardevidence of this proposition: preliminary numbers from 1998 suggest that emissions barelyincreased (0.4 percent) as the economy continued to expand (3.9 percent growth).'2Getting an emissions trading market up and running would reduce the e&onomicrisk that governmentnmight require businesses to take abrupt action later. Companies couldreduce emidssions gradually instead of being required to rapidly retire capital equipment.Further, the market would create economidc opportunities fix companies and individualswho participate in the trading directly.

Figure 2. U.S. greenhouse gas emissions by gas for 7998 in million metric tons of carbon equivalent. (HFCs arehyd rofluoro carbons, PFCs are perfluorocarbons, SF6 is su~ijr hexafluoride, and C02 is carbon dioxide).'3

Other Carbon CDo~dde 27.9 (1.55%)Nitrous QCdd 103.1 (5.2)
HFCs, PFCs, SF6 39.5 (2.19%

Methane 165.2 (9.16%)

C2(nrgy) 1,467.6 (81.38%)

Source: Energy Information Administraton, 1999
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An Emissions Trading Market offers Multiple Incentives

Reducing greenhouse gas emissions means changing sources and efficiency of energy use.
Nearly 85 percent of greenhouse gase produced within U.S. borders arise from fossil fuel
combustion for energy use; the rest co mes from methane from landfills, coal mines, oil and
gas operations, and agriculture.

By 2000, the greatest source of demand growth for electricity in the United States may
well be home office equipment, not aluminum. smelters.'4 This means that a successful

greenhouse gas emissions reduction program will need to extend beyond the largest
industrial companies, and engage aimc st every sector of the economy, including commuters.
More than 30 percent of U.S. gree house gas emissions come from energy used by
commercial and residential activities ike lighting, heating, and cooling offices and homes,

and operating computers and electrica I appliances. Driving cars and trucks and other forms
of transportation account for another third of total emidssions-about the same fraction as
industry.

Figure 3: U. S. prmary energy consumption and sources of greenhouse gas emusswons by economic sector for 1997."'

U.S. Primary Energy Consumption Carton Dioxide Emissions
By End-Use Sector, 1997 From, Primary Energy Consurolion. 1997
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The vast majority of U.S. corn ':anies do not yet perceive much value in greenhouse
gas emissions reductions in the absence of clearer regulatory policy. As an executive at a
large electric utility remarked, 'We'ye done the voluntary program and have the -green

stamps. Before we do more, we need to know how we can redeem these 'green' stamps."
En other words, companies need to know that a broad, viable, and stable national
marketplace will develop before drangmore voluntary activities with' uncertain
payoffs._ I . I

In Europe, Australia, and irthe U.S. informal "over-the-counlter" (OTC) capital
market, companies and governminets have been experimenting with greenhouse gas

emidssions trading." Without aforma market, however, the price of reductionisvaries widely
from trade to trade, and only the companies with the largest emissions parti cipate. For
example, in some projects to reducegreenhouse gas emissions and store carbon,-prices range



from pennies per ton of carbon dioxide emissions avoided to over $5 per ton avoided. Abroader and more transparent market would iron out these inconsistencies in pricing.Some of the most successful corporations in America (and the world) have alreadydevised long-range greenhouse gas emissions reduction programs.'3 To tap the full powerof the marketplace-including the unique skills of financial intermediaries-Congress needsto formally establish U.S. policy, national emission caps, and rules for measurement andenforcement.

Key Features of a Domestic Emissions Trading Market
Congress should direct the President to establish a"cap and trade' emrissions credit programmodeled on the successful sulfur dioxide emissions program. Credits would be defined interms of a ton equivalent of C02. The sulfur dioxide program covers only a few thousandpower plants that are responsible for 70 percent of the domestic sulfur dioxide emissions.In contrast, reduction of greenhouse gas emissions needs to come from virtually all sectorsof the economy that contribute to emissions, including consumers of fossil fuel-generatedenergy.

- abkle. Proposed recipientsaf initial grembhousgasmsoaflocatio~is accountingforbehveeni70-80 percent of totalU.S. emissions of carbon dioxide.

RCPIENTS OF INITIAL ALLOCATION CREDITS APPROX.

dustrial co-generaton fadilities 
-00

Pbli aec es fdea, regional, state, and local) -00
*Large organizains wit commuters (over 10,000 employees) _000

Market Players in the industrial sector would be allocated credits to cover theiremissions in the year 2000. They would then be free to undertake greenhouse gas reductionactivities or purchase credits equal to the amount by which their annual greenhouse gasemissions are expected to exceed their allocations'. Large greenhouse gas emitters in the non-Ni'industrial commercial and transport sectors also would be allocated credits based on year2000 emissions. I II
In addition, there would be an important role for third parties like environmentalbrokerage firms. Brokers who help connect willing buyers and sellers' would not receiveallocations, but would be allowed to buy and sell credits, aggregating e-inrissions from smallerparties who would otherwise not have the time or money to play in" the market. Byexpanding the community of participants in a regulated market, the incremental burden ofthe regulation (if any) on an individual economic sector would be lower thanritthat sectorwere singled out for attention.
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Table 2. Summary of rules for the proposed do retid 'green house gas emissions trading market.

FEATURE RULE RATIONALE

Authority to allocate A federal interagency - Greenhouse gas emissions credits are public
credits group ~~~~~I goads transferred to the private pn ubi

sectors. -

Base year for allocating Year 2000 Market operations should begin from

credits peetlvluigtebs vial

Transferability Fully transfera le to third Small businesses and consumers can gain
parties dieteonmcbneisfomrdcn

Form of allocation Credits f&J-arbon dioxide,, Other greenhouse gases should be added

credits (C0 2) and othe gases after the first several years of market
(when added to the operations.
market) expressed as
metric C0 2 ton 5using
international conversion
standards.

"Pass through" Direct emitrs required to Businesses that save energy can obtain

requirements pass along credits for greenhouse gas (GHG) emission credits if

energy efficieny I they reduce their demand fMr GHG-

improvements to their producing electricity.
customers as a If companies fail to pass through credits to
requirement fc r receiving customers, then they lose their entitlement to

allocation credts. "free"' credits and instead have to buy credits
an auction market.

Third-party allocations Third parties a t provided Organizations that build or retrofit energy-
initial allocatic ns may efficient buildings should be allowed to

aggregate sav rgs of obtain GHG credits. Manufacturers that

customers or cther small lease energy-efficient computing systems
generators anc apply for could obtain GHG credits as part of deals

GHG emission credits. with customers who get them from direct

Organizations receiving emidtters, like their power supplier.
initial allocati ns are
required to pas sthro'ugh
verifiable areits.

Annual reduction in AllGHG alloctions To achieve real reductions in greenhouse gas

cap on emissions reduced by I percent per emissions gradually, the cap on allocations
year. needs to decline in an incremental and

predictable way. The "grandfathering" of
allocation credits will be phased out over
time and replaced by auctioning.
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Expanding the scope of a regulated greenhouse gas market can change the politicaldynamic from 'whose ox gets gored' to how different industries can cooperate to identify- the least costly solutions for reducing greenhouse gas emissions on a national basis. Thisprovision secures an economic incentive for financiers to support greenhouse gas emissionreduction activities. For example, several firms have put together deals that would result in* the trading of about 10 million tonts of carbon dioxide emidssions.'9 These "demonstration"trades were limited, not by corporate economidcs, but by lack of federal action ortestablishingan organized market framework.

Tablee 3. Examples of emis sions trading that could occur in the proposed domestic market, assuming the 'passthrough "requirement.

POTENTIALSELLER POTENTIL BUYER
Ower of power plan tconverts from coal to natural gas Owner of ca-fire poer plant used for peak loads* uilig o er who reconfigures lighting, heating, and Industrial emitter seeking to avoid expensive upgradesair conditioning to gain energy efficiency of a soon-to-be-retiredi facility

Parcl dlivry ervce pgrdestruk feetto include Regional air quality hind purchases and retires credits

Privtely opertea cashfor lunk r" p ogra - - Conservation organization retires credits

Begniningmin 2001, the federal government should begin a process of making marketallocations for other greenhouse gases such as methane and nitrogen oxides which haveproportionally greater effects than carbon dioxide Over time, other key greenhouse gasesshould be included. ' Other specific feitures of the market are discussed below.

Disclose Emissions Data

Large emitters throughout the economy-including major energy users such as governmentagencies, the service industry, and transportation companties-should publish estimates ofgreenhouse gas emissions in a standardized format to be placed on the Internet The federalgoverrmlent would use these estimates to set allocations. This disclosure would enhance theinformation base on whidch market participants can act and also allow the public toincorporate information on greenhouse gas emissions and developments into their privatebuying decisions.
Information disclosure can be a powerful tool. The Toxic Release Inventory (TFI),-created by the 1986 Emergency Planning and Community Right to Know Act, hasdemonstrated that the mere public disclosure of legal toxic emissions stimulates corporateefforts to reduce emissions substantially. Indeed, if companies misrepresent their emissionsin TRI, the goverrnment imposes stiff penalties. In the chemidcal industry alone, emissions perunit of revenue have fallen by over 50 percent in the last five years, although overallemiussions in some sectors have risen.2 ' Similar requirements to disclose greenhouse gasemissions should lead to high levels of compliance and stronger incentives, to improvegreenhouse gas emissions estimation methods.'



Small emitters of greenhouse ga 5es should have a choice about whether to participate

in the market or not. If they choos to not participate, they should be -exempt from

mandatory reporting and administra yeallocations. If they choose to enter the market as

a buyer or seller, they should submit to appropriate reporting requirements. In some cases,

these smaller players may be able to capture the "low-hanging fruit' of cheap emissions

reductions compared to industries tha: are already intensively working to mi'untnvze energy

costs.
Companies that purchase ener efficient products should be allowed to buy and sell

credits in an emissions trading mark at. The pass-through provision enables them to get

credit for greenhouse gas emissions r ductions as a consequence of their actions. Congress

should direct the U.S. Environmental Protection Agency (EPA) to expand product

information standards such as Energ Star to increase the market pull for products that are

more greenhouse gas efficient. The E.A allows companies to use their Energy Star "seal of

approval" if the products meet EPA's crteria for energy efficiency. The program takes credit

for encouraging gains in the efficienc of over 3,200 products in 25 product categories.' The

advance has been achieved by thousa ds of companies who purchase energy-efficient office

equipment and other goods, however, evnthough they are not necessarily direct emitters

of greenhouse gases.

Allocate Rights to Emit Now, Audti n Later

The heart of the political challenge of establishing a greenhouse gas emissions market is how

the government distributes enmission credits to initiate the market. Either the government

could hand out the credits for free, called "grandfathering," or it could auction the credits and

use the revenue generated from the a cinto reduce payroll taxes or pay down the national

debt?24
In the market proposed here, inital allocations are based on grandfathering existing

large sources of greenhouse gas e missions. Grandfathering .avoids compelling major

greenhouse gas emitters to bid for the "right" to continue their operations. In the early stages

of the market, 5 percent of the credit should be set aside for auctioning, among new market

entrants. Over time, the auction set-aside should be progressively increased. -

Company-specific allocations of greenhouse gas emission credits would be granted

by the federal government on the bass sof a 1 percent per year reduction for the next 10 years,

using the year 2000 emissions as a bas eline.? This level of certainty would be more amenable

to companies than other, less predic table schemes to adjust emissions caps.I

Energy suppliers and others %ho receive grandfathered allocations wouldbe required

to pass through credits to customer who demonstrate real, net reductions in energy use.

T'his 'pass through" requirement is essential to broadening participation in the market to

include companies, property owners, and others who adopt more energy-efficient products

and processes.
The missing players in eproposed market are personal vehicle owners.

(Commercial fleets are included.) T ere are several approaches that could be taken to deal

with their inclusion in the market. "e simplest is to build on California's experience with

major employers who can earn air quality "credits" from actions to reduce emissionls taken

-9-



by their employee commuters. In the spirit of this proposal, third partie's like cities orenv ironmental groups could organize vehicle owners on a strictly voluntary basis withinregions, aggregate their emissions through a certification process, and gain entry to theallocation or auction process. Alternatively, the vehicle emission problem could be dealtwith using modified fuel efficiency standards."6

Circumscribe the Role of Government

The yearly reduction in allowable greenhouse gas emission credits should be the same foreach regulated entity: 1 percent of the previous year's cap. This takes the government out ofthe controversial role of estimating an individual company's economics and opportunitycosts. Neither government nor trade associations have a good record of determining the netcosts, if any, of environmental regulations on private firms. An across-the-board reductionleaves the government with a smaller, well-defined role of administering a database ofemnissions estimates; determining greenhouse gas emission goals on the basis of thoseestimates, providing a legal forum for trading greenhouse gas credits, assuring the publicthat goals have been obtained, and adjudicating disputes that may arise.

Regulate Government Agencies as Market Players

Federal and state government agencies should not receive a carte blanche "carve out" fromemissions limits, but rather should be required to meet greenhouse gas targets based onestimated 2000 emissions-.just like private sector actors. The federal government is the-largest energy consumer in the United States. The economic burden on pnivateentities-which may well be more energy-efficient by virtue of their economicincentives-wiln be reduced if govern-ment agencies and nonprofits are also required toshoulder their proportional share of the burden. In fact, President Clinton signed anexecutive order in June 1999 to push federal agencies toward greater energy efficiehcy andlower greenhouse gas emissions.2 '
A few states like Oregon and New Jersey are already moving on this front. A pilotprogram underway in Portland, Oregon, estimates the greenhouse gas emissions-of variousmunicipal departments, and provides a model for assessing incremental changes by othersin the public sector.'

Uncle Sam Can Buy Green Too -

In addition to participating in an emnissions; trading market, federal procurement couldgenerate a very significant market signal to support greenhouse gas efficiency effortsthroughout the economy. The federal government is the largest single customer in theUnited States, If other govemnmententities.for example, states and municipal agencies-areincluded, the public sector may represent over 5 percent of the buying power in the UnitedStates. A federal procurement initiative that encourages agencies to add greenhouse gasemissions per unit of production to their lists of buying criteria could have aftremendousimpact on companies supplying goods and services. In the past, federal Procurement has
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been responsible for the rapid development of solar photovoltaics, wind turbines,

aeroderivitive turbines, supercondu ting transmission, and several other significant

contributions to current efforts to red ceatmospheric greenhouse gases.

If public agencies are clever, t-ey may be able to meet their 1 percent emissions

reductions per year through better pro -uement without incurring any incremental costs. If

that is not possible, agencies could con act for greenhouse gas emissions redudtibn services

from energy service companies. Simu rated by the June 1999 Executive Order, some federal

agencies are already moving toward geen procurement, but much more could be done.29

If a gencies still can't meet their annua greenhouse gas reduction targets by either of these

means, they could be permitted to p -chase credits in the market, subject to limitations on

direct conflicts of interest.

Seed a Futures Market

Buyers and sellers in oil, electricity, gro in, and other commodity markets limit their exposure

to big swings in commodity prices thr ugh the use of option and other derivative contracts. 30

Market players in greenhouse gas e isions trading also should be allowed to purchase

option contracts to limit their risk of losses when the price of greenhouse gas emin-ssions

credits rises or falls. For example, a hdge against an increase in price of a greenhouse gas

emnissions credits may be the purchase of an option contract that offers the right to purchase

10 million tons at $1.00 per ton. With ththedge, an electric utility could proceed with its less

than $1.00 per ton activities, but kn w that if the market price went to $2.00 a ton, the

company's additional costs would be limited if it still had to purchase more credits to meet

its requirements.
To price these option contracts, the financial community and buyers and sellers of

emissions credits and options need to know that there will be some stability in government-

set "rules of the game" for reducing E eenhouse gas emissions. For example, as additional

greenhouse gases are added to the tra ling market, the government would need to maintain

consistent definitions of trades and oher emissions reduction actions allowable under the

law. However, the market-not gover ment or think tanks-should set prices for credits and

options contracts. Government carot and should not be in the business of estimating

business compliance costs which va widely among firms and across sectors.

Additional Measures To Streng, hen the Domestic Policy

Congress should take other low-cost actions to strengthen the proposed climate change

policy such as:

Provide an "early bird" credit for voil ntary action on greenhouse gas emissions reductions and

storage projects in advance of the domestic market's operation.

Two bills are pending in Congress to do just this." To maximize future flexibility when a



domestic emissions trading market is activated, Congress should place a cap of 2 percent ofthe U.S. annual greenhouse gas budget that could be allocated to these voluntary actions.
Expand scientific work and field testing of means to measure "carbon sinks," the consumption ofcarbon by trees, crops, soil, and oceans.

Among the most innovative approaches to reducing greenhouse gas emissions are actionsthat enhance the uptake of carbon by soils, forests, croplands, and water bodies-called".sequestration." Unfortunately, several practical problems preclude the use of carbon sinksas part of the backbone of a U.S. trading regime over the next several years.32 For the timebeing, greenhouse gas sequestration projects should be treated separately from greenhousegas emissions reduction efforts. The Unidted States should commit to a five year schedule todevelop a scientifically acceptable approach to dealing with carbon sinks."

Set the rules to grant credits from investments in developing countries that yield verifiable, netreductions in greenhouse gas emissions.

U.S. negotiators should'co'ntinue to push for establishing rules to provide credits forinvestmnents in developing countries that result in net reductions in greenhouse gasenmdssions..<aued "joint implementation" in the United States and the "clean developmentmechanism mn the K~yoto protocol. Even if the Kyoto treaty fails, these investment ruleswould still offer some consistency in crediting international actions that would have valueunder a different climate change treaty. U.S. companies could provide developing countrieswith the technologies to control greenhouse gas emissions as their economies grow. Aninternational agreement could further stipulate that developing countries would be requiredto submit large joint implementation projects for competitive bid. 3

Stimula te research on innovative energy and other technologies.

Research and development of new energy technologies depends on relative prices, of energyand on the private sector's perception of consistent federal and state tax and regulatorypolicies. By developing a market for greenhouse gas reductions and a framework forrewarding companies that figure out ways to achieve reductions, the government wouldlikely spur more development of new technologies than it would by tinkering with the taxcode."

Conclusions

A domestic emissions trading market is a model second geheration program. The proposed"cap and trade" program for greenhouse gas emissions harnesses market forces and keepsthe government out of the business of choosing technologies to accomplish an environmentalgoal. Further, a wide variety of market actors could actually profit from making climate-
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friendly economic choices under the se ond generation model for greenhouse gas emissions
reductions.

This proposal avoids reliance an int rnational organizations and developing countries'
actions. At the same time, it would put the United States within striking range of the Kyoto
targets within the next decade or so, ad serve as a market-oriented model for action by
other countries-a necessity for dintr shing the climate change threat over the long term.

The proposed market reduces econo ic costs and dislocations by spreading the burden of
domestic greenhouse gas emiission reductions throughout the economy, including
consumers, rapidly growing service idustries, and government. While industry has been
the primary target of the first generati n of environmental regulation, it is only responsible
for about one third of total U.S. eenose gas emissions. Hence, spreading the
responsibility for emissions reduction increases fairness and decreases costs for the high
greenhouse gas emissions industries, amajor concern voiced by organized labor. 3

The time has come to drop the rancor and mistrust engendered by the Kyoto treaty, and

address the threat of climate change without shortchanging the U.S. economy.
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The Power Elite
By Brody Mullins

U The nation's largest energy providers and users will Institute; Thomas Kuhn, CEO of the Edison Electric In-

launch a broad coalition today to generate support for stitute; Barry Russell, president of the Independent Pe-

a new national energy policy. The high-powered coali- troleum Association of America; Jerald Halvorsen, pres-

tion, dubbed the Alliance for Energy and Economic ident of Interstate National Gas Association; Jack Gerard,

Growth, plans a multimillion dollar campaign to per- CEO of the National Mining Association; and Joe Colvin,

suade members of Congress to back plans to increase CEO of the Nuclear Energy Institute - also hold con-

U.S. supplies of coal, oil, natural gas and nuclear fu I. siderable power in the coalition. Most of the big energy

The coalition, to be unveiled at a news confere ce, groups were required to pump $100,000 or more into the

will sponsor television and radio comm ercials, host me- coalition as an entry fee.

dia events, lobby White House staff and members of Con- The coalition also will include hundreds of other cor-

gress and brief House'and Senate staff. "The cou try' porate members, representing virtually every industry

needs a new energy policy, and there needs to be one involved in the energy sector - from the developers of

group to push the ball forward," said Darrell Henr , di- advanced computer systems that pinpoint energy re-

rector of public affairs for the American Gas Associal ion, serves far below the earth's surface to the companies

who helped organize the group. that pipe, ship and haul fuel to refineries and generators

The alliance will provide a "united voice in sup 3ort to the commercial and residential consumers who use

of a national energy policy, a structure to guide and co- the final product to power assembly lines, forklifts and

ordinate an advocacy effort and a vehicle to enlisl the cell phones. Some of these members will be required to

support of the American public," said Bruce Josten the pay at least $5,000 to sit on a steering committee. But the

U.S. Chamber of Commerce's executive vice preside it of bulk of the coalition's members will not be required to

government affairs, in aletter sent to 875 trade ass cia-- support the group financially.

tions earlier this month.
In recent interviews, lobbyists who helped shape the U Nevertheless, some of the energy industry's smaller

group said they have patterned the alliance on a s ring players have refused to join the Alliance for Energy

of coalitions designed to support other industry p iori- and Economic Growth because they believe they will

ties, such as the Tax Relief Coalition and another (oali- be dwarfed. "If I were to participate, I am lucky if I am a

tion that backed the congressional repeal of ergonomics small fin on the small fish," said one association head

regulations. "Before you can pass any major piece of leg- who declined to join. Other lobbyists complain that

islation, you need to persuade people that there iE real the coalition will be dominated by energy-producing

need to act," said one coalition organizer. companies and will ignore consumers.

The energy coalition will be unveiled today with i ore The coalition also has come under fire for reversing

than 100 members, but its organizers believe it will soon course and deciding to hire an executive director. Some

double or triple in size - making it one of the large t en- lobbyists complain that it does not make sense to hire

ergy coalitions ever assembled. The full coalition hopes a full-time executive. "A lot of companies are saying,

to be in place when the White House unveils its national 'Why are we hiring a Washington office and paying as-

energy policy in two weeks. sociation dues just to start a new coalition and hire a

The alliance will be led by a full-time executi e di- chief executive?"' asked Don Duncan, vice president of

rector - who has yet to be selected from a handful of re- government relations for Phillips Petroleum Co., which

maining candidates - and a management com ittee will not become a paying member. "In my opinion, it's

stacked with K Street heavyweights, including Jc sten, a waste of the trade association's members' money," he

National Association of Manufacturers Senior Vice Pres- added.

ident Michael Baroody, American Iron and Steel Institute Even so, Duncan may join the Alliance because he be-

CEO Andrew Sharkey and American Forest and Paper As- lieves it will play an important role in putting energy pol-

sociation CEO Henson Moore. icy on the nation's agenda. Said Duncan, "The coalition

The heads of Washington's largest energy trade g oups has a tremendous value in getting the issue up front and

- including David Parker, CEO of the American Ghs As- center."

sociation; Red Cavaney, CEO of the Americaneteu -CON'TA CT BMULIJNS@NAT1ONALJOURAAL COM
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Mass. Announces Emissions Rules AP U.S. News
Updated 5:46 AM ETApril 24, 2001 TV to Air Death Chamber

By JOHN McELHENNY, Associated Press Writer Tapes
Education Is Focus in House.

BOSTON (AP) - Massachusetts will become the first state to Senate
limit carbon dioxide emissions from power plants under clean- U.S. Launches Suicide Plan
air rules set to go into effect in June. WorldWary:bou Buh

Missile Plan"t
The new standards unveiled Monday by acting Gov. Jane Swift C .onviction in 196.3 Chu~rch
also will limit mercury emissions and require deep cuts in Bornbing"
emissions of sulfur dioxide, which causes acid rain, and smog- Bush Pese oia ecrt
causing nitrogen oxide. Reform*

Bush Defense Plan Stirs
The regulations will apply to the state's six dirtiest power Crit-ics"
plants, which produce 40 percent of the electricity used in Nuclear Ilns ection Site To
Massachusetts. Close

More Evidence in Professor
"This sets the bar for any other state that is doing power plant Death
clean ups," said Conrad Schneider, a spokesman for Clean Air Piece of Diallo Door on,
Task Force, a national enviroinmental advocacy group that AuctionI
monitors power plant emissions. "And it sets the bar for the, Students EyeFuture i pc
national debate for what the level of reduction should be in Tourism
federal legislation." Fla -Teen May Face Life for

-Shooting"*
Va. Ends Genetic EvidenceProposals to limit carbon dioxide emissions surged onto the Limit

national scene last month when Swift's fellow Republican, Sammy the Bull's Son is
President Bush, reversed a campaign pledge to push for carbon Arse
dioxide power plant limits. ueus

Case"He and I, in this case, came to a different conclusion," Swift, OlderFreiher eveTw
said as she announced the new Massachusetts regulations. *c,., n 'k-i.

http://news.excite.cominews/ap/oi O4 2 4/05/plant-emissions 5/2/2001
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Power plants would be required to cut avei age carbon dioxide prne-indyfma

emissions by 10 percent under the new reg lations. Many Sen ti s stondv t~oratfin

scientists believe such emissions are causi g the Earth to warm

significantly.

Efforts to cut carbon dioxide emissions ha: e often presented a Shop Excite
political challenge for state officials becau e the reductions

have little direct impact locally.

"I know that climate change is a global pr blem - but that doesU

not mean we should sit around and wait for global solutions,"

said state Environmental Affairs Secret Bob Durand.
Britannica 2000 S2.04
Palm VX BMB S3~94S5

A spokesman for the Competitive Power Coalition of New Breathe - Fa~ith H... S1I.49

England, an industry group, said the strict rules would lead to -RunlOff Game S29.98

higher electric rates and increase the risk (f outages. Swift Collections
dismissed that prediction, noting that several new power plants GIFT ZONE

were planned for the region. A TO ZODIAC
SENSUAL ZONE

On the Net:

EPA global warming site: h :p/~/www-e z. ov loa arin

Archive: Wed-May-2 Tue 1 Mon-Apr 30 au L29 Sat 28
Fri 27 Th-u26
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CLIMATE CHANGE: Entergy to hold C02 emissions at 2000 level
J.L. Laws, Greenwire staff writer, May 4, 2001

'Entergy Corp., a power producer which serves some 2.6 million homes and businesses in
the Southeast, on Thursday became the first U.S. utility to pledge it will cut emissions of
the greenhouse gas carbon dioxide (C02).

Working with the green group 'Environmental Defense, New Orleans-based Entergy plans
to cut C02 emissions to its year 2000 level of 50 million tons, even though it plans to

*increase power generation by 25 percent over the next five years. The company plans to
,spend $25 million making improvements to its domestic fossil fuel plants, which generate
17,500 megawatts of electricity for its customers in Arkansas, Louisiana, Mississippi and

-east Texas, said Arthur Wiese, Entetgy's vice president for corporate communications.
The company does not yet know how much the effort will cost, Wiese said.

One of the main reasons Ent~rgy decided to cut C02 emissidns is the threat its home state
faces from a rise in sea levels due to rising global temperatures, Wiese said.

In March, President Bush broke a campaign pledge to regulate utilities' C02 emissions,
saying C02 is not a pollutant under the Clean Air Act and that such regulations would
adversely affect both U.S. energy supplies and the economy. Later that month, Bush
rejected the Kyoto Protocol, a 1997 agreement requiring industrialized countries to cut
greenhouse gas (GHG) emissions an average 5 percent below 1990 levels no later than
20 12, saying it was unfair because it excused developing countries from mandatory GHG
cuts.

"We are not taking a pot shot at the Bush administration. We are simply doing what we
think is responsible to do, and what we hope other companies will decide to do as well,"
Wiese said. "We do not need to wait for all of the countries in the world to come up with
a plan for us to go ahead and get this done."

A press release from Environmental Defense on the Entergy pledge made no reference to
Bush's record. Another environmental group, however, took advantage of a Ford Motor
Co. announcement to toss a dart in Bush's direction Thursday.

Ford's corporate citizenship report, released Thursday, announced the creation of an
executive team to find ways to fight global warming, prompting Sierra Club lobbyist Dan
Becker to say Bush should "give Bill Ford and Jac Nasser a call about the effects of
global warming." Ford previously announced it would increase the fuel efficiency of its
sport utility vehicles 25 percent by 2005. Ford's report said the team will focus on the
automaker's five-year production cycle, "complex economic and social forces" that
impact land, vehicle use and fuel prices while trying to maintain value for its
shareholders.



Wiese said Entergy's nuclear assets, use( to produce electricity sold on the open market,

will not be counted toward its C02 redu tion target. The company will work with

Environmental Defense to design programs to reach its target, he said.

"Entergy's first priority is to reduce gree house gas pollution within our own operations.

We expect to achieve at least 80 percent of the reduction in this way," Entergy CEO J.

Wayne Leonard said in a written statem nt. "Entergy also believes that extending our

reach outside our walls for ways to redu e greenhouse gas emissions will stimulate

innovation and create incentives for finding new ways to aggressively cut pollution in the

most practical, cost-effective manner possible."

Environmental Defense Executive Director Fred Krupp said: "As we have learned from

past experience, it is possible to cut emi sions and' still provide products to customers and

profits to shareholders. Entergy's leader hip in this arena should encourage other electric

utilities to take similar steps to reduce p )ilution."
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A Climate Policy That Works
William K. Reilly

President Bush and Christie Whitman, the administrator of the Environmental
Protection Agency, have now definitively abandoned any intention to regulate
carbon dioxide from utilities and confirmed that they oppose the Kyoto Protocol,
the international treaty to fight global warming.

Many the world over are speculating on the significance of these moves, some
countries concl uding they can relax their own efforts to reduce greenhouse gas
emissions, others despairing that the United States may not lead on the
environmental issue of the era.

Is there another way to address the problem of climate change while
accommodating the Bush administration's concerns about the science and the costs
of a climate policy? Is there a conservative response to global warmiing?

I believe that a distinctive Bush policy on climate could involve three parts. First,
the administration should ask the National Academies of Science and of
Engineering to review the scientific evidence on climate change and the
availability of energy-efficient technologies -- both issues on which the president
has expressed concern. The Intergovernmental Panel on Climate Change has
recently concluded that anthropogenic emissions have "contributed substantially"
to warming. The National Academies could be asked to review the panel's
findings, along with the state of technologies. In this way, President Bush could
fulfill his campaign promise to follow the science on climate.

Second, the administration should ask the private sector what it can achieve by
way of energy efficiency. What is practical and cost-effective, and how quickly
can it be done? It is little known, though quite astonishing, that 11I major
companies, eight of them American, have committed to reducing greenhouse gas
emissions by a total that exceeds the reductions required of Britain under Kyoto.
United Technologies, I.B.M., Baxter, Polaroid and others have committed to
improve energy efficiency, or to cut carbon dioxide, by at least 25 percent.
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emissions. Fifty percent of the tax would be imposed on energy production (including nuclear power) except

renewables; 50% of the tax would be based or carbon emissions. Some European count ries have~mndfifi-d<=

their energy taxation to fit the model discussed-bv th, - _, -

And those who say these are only COr itments shciuld look at DuPont, the nation's

largest chemical company, which has already reduced its greenhouse gas emissions

by 50 percent and promises to cut them by 65 percent by 201 0. It has also pledged

that 10 percent of its energy n eeds will be met by renewable sources by that time.

Aftr cnsutin caefuly ithcomanics, the administration should identify

realistic goals for the major sectors of mahe ecoomy Aubtonia excutives, forleexample,

have indicated that their industry Car Ot maetesbtnilcags called for by

Kyoto in the next seven years but cou d achieve maj or improvementsr inm10rtoa15

years. The president needs to get the utmblcdmaisadgte morant.

industries to spell out what they can cheve and then cmi oteegas

Finally, we must realize that very feA countries are cu~tting emissions; most will

not come close to equaling the reductions required of the United States by the

Kyoto Protocol. Many nations would~ support the a'dministratiofl if it instead made

a coviningcomitment to abide b7 the 1992 international convention to combat

global warming -- which President Bash's father siged Sucwhil alom agreeings twoul

exceed the goals of Kyoto over a Ion erproftm.Sc omtet ol

permit a more orderly replacement ofcapital equipment and put to rest concerns

that energy taxes are required or that electricity supplies would be disrupted.

President Bush and many in the Sen te have decried the K5'oto Protocol's failure to

require cuts in greenhouse gases from developing countries. But the United States

must have a cogent, credible policy before it can speak with authority to

developing countries.

China, second only to America in its emission of greenhouse gases, has actually

rdced its carbon emissions over t e past five years. The Chinese,inaefoto

curb suffocating air pollutioli, have reduced coal subsidies, switched to cleaner

transportation fuels and converted power plants to natural gas from coal. Helping

the Chinese to make further progres could be'another distinctive element of the

Bush climate policy..

In sum, there is another way: Revie the'-state of science and technology, involve

the private sector, set realistic goal, 'and seriously engage developing countries.

This is the path toward energy efficiency and progress on the environment.
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ABSTRACT.

Te6chnological advancements in United States (U.S.) municipal solid waste (MSW)

disposal and a focus on the environmental advantages of integrated MSW management have
greatly reduced the environmental impacts of MSW management, inclfding g'rednhouse~gas
(GHG) emissions. This study was conducted to track changes in GHG emissions over time from

the managemnent of MSW. A baseline' 1974 MSW management strategy, consisting of limited
recycling and landfills without gas collection, was compared to today's integrated MSW
management strategies that include recycling, cbmposting, waste-to-energy combustion, and

landfills with gas collection and e'nergy recovery. Included in the analysis are the benefits of-

materials recycling and energy recovery to the extent that these displace virgin raw materials and

fossil fuel electricity production, respectively. The impact of MSW management decisions on

cabon sinks is also addressed:±

The results show that the actions taken in U.S. communities have significantly reduced
potential GHG emissions. GHG emissions from MSW management in 1974 were estimated to

,.be 36million metric tons carbon equivalents (MMTCE). Yet, even with doubled waste'
generation today, using modem MSW management techniques has lowered estimated GHG
emission'sto6 1 0 MMTCE. Without today's MSW managemeht practices, annual GHG emissidns
would be nearly 51 MMTCE. Thus, more than 41 MMTCE per year are being avoided as
compared to potential GHG emissions if 1974 practices were still being used.

INTRODUCTION

One of the most difficult challenges faced by U.S. cities is the management of MSW. -

Local officials have made difficult decisions for more than a century regarding the proper -

management, environmental impacts, and costs to collect, recycle, transport, and dispose'of
MSW. The results of those decisions directly impact residents. Selection of collection,

transportation, recycling, treatment, and disposal systems can determine the number of recycling



bins under a sink or in the backyard, the day people must place their garbage at the curb; the
truck routes through residential streets, dthe time that people might awake to the sound of
garbage trucks rumbling through alleys ad streets. Thus, MSW management can be a
significant local issue for municipalities. I

However, MSW management also is an issue of global significance. The MSW
management decisions made by mayors, county executives, and city and county councils and
boards can impact the release of GHG ei issions that are attributed to global climate change.
GUG emissions can trap heat in the atm speeand lead to warming the planet and changing our
weather. According to the U.S. Enviro etlProtection Agency's (EPA's) latest inventory of
GHG emissions,' the waste management sector represents about 4% of total U.S. anthropogenic
GHG emissions. However, the waste m nagement sector offers broad opportunities for GHG
reductions due to linkages to other secto s (e.g., energy, industrial processes, forestry, and land
use change). The potential for global cli ate change due to the release of GHGs is being debated
both nationally and internationally and ha led to investigating ways to reduce GHG emissions
from MSW management.

This study is one such investigati that was conducted for the U.S. Conference of
Mayors through funding by the Integrate IWaste Services Association. The study examined the
effect of local MSW management decisi ns on GHG emissions during the past 25 years. The
scope of the study included all activities :at play a role in MSW management from the point at
which the waste is collected to its ultimai e disposition. The MSW management options included
in this study were collection, recycling, c psting, waste-to-energy combustion, and landfills
(with and without gas collection and eneigy recovery). The environmental aspects of fuel and
electricity consumption were included, as well as the displacement of virgin raw materials
through recycling and the displacement of fossil-fuel-based electrical energy through energy
recovery from MSW. The GHG emissio s studied in this analysis were carbon dioxide (C0 2)
and methane (CR 4). Other GHG emissions such as perfluorocarbons (PFCs) and nitrous oxide
(N 20) were not included. The impact of SW management decisions on carbon sinks was also
addressed using EPA's Office of Solid Wste WARM model2 and is discussed in the sections on
carbon sequestration and storage.

The technical analysis for this stu iy was conducted by Research Triangle Institute (RTI)
under the direction of EPA's Office of Research and Development using data and a decision
support tool developed through a cooper tieagreement between EPA's Office of Research and
Development and RTI. Representatives fomn the U.S. EPA, RTI, Integrated Waste Services
Association, U.S. Conference of Mayors, Solid Waste Association of North America,
Environmental Industry Associations, W ste Management Inc., and ICF Consulting worked
cooperatively to review this analysis.

2



METHODOLOGY

To calculate the GHG emissions from MSW management, a general MISW management
strategy used by cities in 1974 was examined as a baseline and compared to today's general
strategy. Data from the years 1974 and 1997 were used in this analysis to estimate GHG
emissions 25 years ago and today. 1997 is the most recent year for which comprehensive
information is available about MSW. However; when more recent data were available for
specific assumptions (e.g., 1999 recycling rate), the analysis incorporated such information
accordingly. As illustrated in Figure 1, most MSW in 1974 was disposed of in landfills without

modem technology (e.g., liners, leachate collection systems, and landfill gas control systems) and
with limited recycling. The majority of the world's population still dispose of MSW in this
manner. More advanced methods, such as waste-to-energy combustion and landfills with gas
collection and energy recovery systems, were not widely used in 1974 and still remain widely
unavailable around the world due to their cost and other factors.

Mixed Waste 930I Landfill =Without
Collection Gas Control~

Presorted
Rresorted11% Material

RecyclablesRecovery
Collection ~~Facility

Materials to Reprocessing

Figure 1. 1974 Waste Management Scenario.

Today's general MSW management strategy is illustrated in Figure 2 and inclaldes 'an
'integrated mix of recycling, composting, waste-to-energy combustion, and landfills. Each
technology plays an important part in reducing GHG emissions that would otherwise be released

into the atmosphere. Figure 3 shows the mix of waste management technologies used in 1974
compared to today. The methodology used for this study is intended to illustrate GHG reductions
from integrated solid waste management strategies. Due to changes in waste volume,
composition, and rate of emissions per ton of waste, this study was not designed to compare
GHG reduction potential between specific MSW management technologies (e.g., recycling
versus combustion).

3



IYard Waste _ _ 5% Ya rdWst
Collection Composting

Collection ~~~~~Gas Control

Recovery

15% ~ithEnrnbgy n_ -Ash Landfill

Presorted 23% Presorted
Recyclables Recoverya
CollectionReory

MateriaIs to Reprocessing

Figure 2. Today's Waste Management Scenario.

1974 ~~7% ody*Recycling

*Waste-to-Energy

HLandfill

28%

Figure 3. Past and Present Techn logies Used to Manage U.S. Waste Generated
(Note: Today's Recycling Level Today Includes Recycling [23%] and Composting [5%]).
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The methodology used in this study is based on a holistic approach using life-cycle

assessment and frill cost accounting. The recently completed decision support tool for North

America was used to calculate the GHG emissions resulting from MSW management practices.

(The decision support tool and life-cycle inventory database for North America were developed

through a cooperative effort between EPA's Office of Research and Development, RTI, and its

partners-North Carolina State University, University of Wisconsin-Madison, Franklin

Associates, Roy F. Weston, and Five Winds hitemational.) The decision support tool analyzes

GHG emissions from waste collection, transport, recycling, composting, combustion, and land

disposal. The tool considers the direct GHG emissions from each waste management practice as

well as the GHG emissions associated with the production of fuels and electricity consumed by

the practice.

Table I provides a complete list of GHG emission sources associated with the waste

management technologies considered in the study. Data were not available for PFCs and N2)

across all waste management practices. As additional data become available, t'hey can be

included in future analyses. Although only GHGs were addressed in this study, the decision

support tool provides data for cost, energy consumption, and a variety of additional air emissions

and water pollutants.I

Approximately 1.5% of the 1974 total waste stream and 5% of the 1997 waste stream

included waste constituents that are not addressed by the decision support tool. These

constituents include items such as durable goods, other paper and plastic packaging, wood waste,

rubber tires, textiles, and lead-acid batteries. To complete the analysis for this study, data for

these constituents were obtained from the EPA Office of Solid Waste WARM model.

The energy consumed and environmental releases associated with production of new

products as well as those saved by using recycled instead of virgin resources were considered. In

addition to considering recycled materials, emission savings were also calculated for MSW

management strategies (namely waste-to-energy combustion and landfill) where energy was

recovered. In calculating the emission savings associated with energy recovery, the "saved"

energy was assumed to result from offsetting the national electric grid. For every kilowatt-hour

of electricity produced from MSW, the analysis assumed that a kilowatt-hour of electricity

produced from fossil fuels was not generated and therefore these emissions were avoided. In

cases where an MSW management practice requires energy, the analysis took into consideration

the energy associated with the use and production of that energy as well as the emissions

associated with the production of that energy (for example, the production of a gallon of diesel

fuel).
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Table 1. Sources and Savings of GHG Emissions from MSW Management-Related
Technologi s Included in the Analysis.

Waste Management Activity or GHG Emissions (CH4 and CO, fossil) Sources
Process

Collection (recyclables and mixed Combustion of diesel in collection vehicles
waste) Iroduction of diesel and electricity (used in garage)
Material Recovery Facilities Combustion of diesel used for rolling stock (front-end

oaders, etc.)
Production of diesel and electricity (used in building
ad for equipment)

Yard Waste Composting Facility Combustion of diesel used for rolling stock
Prduction of diesel and electricity (used for equipment)

Combustion (waste-to-energy) Combustion of waste
O ffsets from electricity produced

Landfill Eecomposition of waste
Combustion of diesel used for rolling stock

P.-oduction of diesel
Offsets from electricity produced

Transportation Combustion of diesel used for vehicles
P oduction of diesel

Reprocessing of Recyclables 0 st ntgis or decreases) from reprocessing
r cclalesrecverd;offsets include energy- and

To complete this study, info~rmation about MSW generation and composition was needed
for 1974 and today. We used three primay data sources to calculate MSW generation and
composition:

* U.S. EPA's Municipal Solid Waste CharacterizatioiiReport for 1998 (providing
information about 1997 w ste trends, composition, and generation)3

* Unpublished waste characterizatidn data for 1974 from Franklin Associates4

* U.S. Bureau of the Census historical housing data.5

Tl~e EPA and Franklin A'ssociates waste characterization studies provide data available
for U.S. MSW management practices. Te amount of MSW generated in the U.S. increased
from 11 5 million metric tons in 1974 to 1 7 million metric tons today.3 '4 Waste composition
data are shown in Table 2, and waste gen raion and management data are shown in Table 3.
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A ~~~~~~~Table 2. Waste Composition. 3 '4

Composition ()

1974 Today

Waste Category Residential Commercial Residential Commercial

Yard Trimmings, LeaveSb 13.0 5.0

Yard Trimmings, Grass 13.0 10.0

Yard Trimmings, Branchesb 11.2 15.0

Newsprint 12.3 2.2 7.5 1.8

Corrugated Cardboard ' ~ 2.2 20.6 2.4 29.3

Office Paper 1.1 3.3 1.4 5.7

Phone Books0.02

Books t3.0 
0.7

Magazines 2.9

3rdClass Mail 2.5 1.8

HDPE - Translucent0 0.5

HDPE - Pigmented' 2.2 1.2

PEt 0.5 0.2

Steel Cans 1.8 5.7 2.0 0.7

Ferrous Metal - Other 0.3

Aluminum - Food Cans 0.5 0.2 1.0 0.4

Aluminum - Other Cans 0.3

Aluminum - Foil and Closures 0.6

Glass - Clear' 9.4 2.1 3.8 1.1

Glass - Brown' 6.0 1.4 2.4 0.7

Glass - Green' 1.7 0.4 0.7 f 0.2

Paper - Nonrecyclhble 10.4 19.7

Food Waste 11.0 8.8

Other Organic Materials 29.5 40.2

Plastic - Nonrecyclable 43

Metals - Nonrecyclable 0.3

Miscellaneous 34.5 17.2 17.7
a Numbers may not add up to 100% due to rounding.

bYard waste split between leaves, grass, and branches was assumed to be 35, 35, and 30%, respectively.

1-IDPE - high-density polyethylene.
'PET = polyethylene terephthalate.
eGlass composition split between clear, brown, and green was assumed to be 55, 35, and 10%, respectively.
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Table 3. Waste Geeainand Management (Metric Tons)3'4'

Waste Flow 1974 Today

Collection of Yar d Waste 10,400,000

Collection of Recyclables 6,700,000 35,200,000

Collection of Mixed Waste ios,ooo,ooo 151,000,000

Recovery of Recyclables in MRF' (mat nial sent to 8,380,000 43,300,000
rep rocessing)

Composting of Yard Waste '10,400,000

Combustion of Waste with Energy Rec very 29,600,000

Landfilling of Mixed Waste 108,000,000 122,000,000

Landfilling of Ash from Combustion 7,280,000

aMRF = mixed recovery facility.

U. S. Census data5 were used to es imate the number of residential, multifamily, and
commercial waste generators. The comp sition and quantities of materials recycled and
composted were set at the levels of recycrn reported by the U.S. EPA and Franklin Associates
national data sets. The composition of mn tias that are recycled and composted is presented in
Table 4. In evaluating recycling and corn osting, we assumed a current recycling rate of 23%
and a composting rate of 5%.

For this study, the typical waste management technologies used in 1974 and today were
modeled. Figure 3 compares the difference in management practices between 1974 and today.
In 1974, waste management primarily involved the collection of mixed MSW. About 7% of
waste was recycled as commingled mater al. Thdrernaining 93% of the waste was disposed of in
landfills without gas control.

Today's MSW management strate es have changed significantly since 1974. Data3
showed that about 5% of all waste is collected as yard waste and composted, and about 23% of
the waste is collected for recycling. Recy led and composted materials were managed at material
recovery and composting facilities, respectively, according to the characterization reports.

About 15% of the U.S. MSW was used to generate electricity at 102 waste-to-energy
facilities nationwide. Emissions from wa ~te-to-energy facilities were based on actual emissions
test results provided to the U.S. EPA and ndividual state environmental agencies.6
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Table 4. Recovery Rates of Materials.3 ,4

Recovery of Materials (%)9,

1974 Today

Waste Category Residential Commercial Residential Commercial

Yard Trimmings, Leaves 46.0

Yard Trimmings, Grass 46.0

Yard Trimmings, Branches 46.0

Newsprint 29.3 4.9 64.3 10.7

Corrugated Cardboard 3.1 29.6 7.6 73.9

Office Paper 0.9 31.2 2.0 67.3

Phone Books 18.6

Books 13.1 78.1

Magazines 47.8

3rd Class Mail 28.0

HDPE - Translucentb 31.3

HDPE - Pigmented b 9.7

PET' 49.5 22.0

Steel Cans 4.2 2.8 64.0 50.4

Ferrous Metal - Other 0.5 13.3

Aluminum Cans 27.2 16.2 58.3 49.6

Aluminum - Foil and Closures 7.4

Glass - Clear 2.8 3.2 24.5 27.5

Glass -Brown 2.8 3.2 23.1 25.9

Glass - Green 2.8 3.2 53.8 60.5

a Recovery of materials is defined as the percentage of a material generated that is recycled. Where appropriate,

materials that were recycled based on U.S. EPA data were combined into a similar waste category for which

reprocessing data were available. For example, 3Td Class Mail and Phone Books recycled in 1997 were combined

into the Books category. This assumption makes some recovery numbers appear high.
HDPE = high-density polyethylene.

cPET = polyethylene terephthalate.

Por this study, we assumed that 50% of MSW is landfilled at sites equipped with landfill

gas collection, and at those facilities, half of the gas was flared and half was used for energy

recovery. A landfill gas collection efficiency of 75% was used in this analysis and a CH4

oxidation rate of 20% was used. These assumptions were verified through communication with

industry groups.
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Role of Carbon Sequestration I nd Storage

When CO, is removed from the 4tosphere by photosynthesis or other processes andstored in sinks (like forests Or Soil), it is sequestered. 'One of the more controversial issues withaccounting for GHG emissions from MS'Wt management is associated with whether carbon sinksshould be considered. There is no curr tconsensus on methodology or data for carbon storage
in forests, soils, and landfills. During the series of peer reviews conducted on the methodology
developed for the decision support tool, Ihe recommendation from the peer reviewers was thatcarbon sequestration should not be consi Jered unless a full product life cycle was being analyzed.Therefore, the current version of the decision support tool does not account for carbon sinks
resulting from forests, soils, and landfills

EPA's Office of Solid Waste usec a different methodology in a report that was released in1998' to support its voluntary partnership program on climate change and MS W management.
This methodology tracks carbon storage elated to waste processes and tracks carbon associatedwith fossil fuel and nonienergy GHGs suc h as PFCs and N2). The principal carbon storage
mechanisms addressed are changes in foi -st carbon stocks related to paper and wood recycling,long-term storage of carbon in landfills, ~ d accumulation of carbon in soils resulting from
compost application. Carbon storage fron combustion ash residue was also studied and wasestimated to be negligible. Although car on storage in forests, soils, and landfills clearly has astrong influence on net GHG emissions, te exact accounting methods that should be used toquantify them are still a matter of spirited debate since many scientific and policy questions
remain to be resolved. However, the U. S EPA currently includes estimates of carbon storage
from landfills and forests in its national GHG inventory.'

To help illustrate the difference in estimates of GHG emissions when carbon storage istaken into account, EPA's Office of Solid Waste and ICF Consulting provided data and used theEPA WARM model to perform comparis ns. Table 5 shows the potential carbon storage for thethree scenarios that were evaluated for thi; study. The negative values in the table indicate thatthe storage is, in effect, a negative emissi( n. In both scenarios where waste is managed
according to 1974 technology, substantial carbon storage is associated wth landfills. In thescenario with today's technology, the bal ice shifts-the large volume of paper recycling resultsin substantial benefits in the form of fores: carbon storage, and there are some soil carbon
benefits from composting as well.
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Table 5. Carbon Storage Potentials for 1974 and Today's Waste
Management Strategies (Mmtce/year).

Recycling

Scenario (includes compost) Landfill Total

1974 -6.1 -16 -22

Today -29 -19 -48

Today with 1974 Technology -9.4 -31 -40

RESULTS

Table 6 compares net GHG emissions from today's MISW management strategies with net

GUG emissions in 1974, providing an overall view of GHG emissions savings. Figure 4

illustrates the trend in GHG emissions from the 1974 MSW management strategy pathway versus

the actual integrated MSW management pathway employed. The following sections discuss the

net contributions of GHGs from recycling and composting, waste-to-energy combustion,

landfills, and collection and transportation practices. In addition, the effects of carbon storage on

the net total GHG emissions are discussed.

Table 6. GHG Emissions From U.S. Waste Management (MMTCE/year).

GHG Equivalents

Today Avoided
with 1974 GHG

1974> Today Technology Emissions

Waste Management Technology (A) (B) (C) (C-B)

Collection/Transportatiofl 0.5 le 1 0

Recycling -1 -7 -3 4

Waste-to-Energy Combustion -5 5

Landfilling 36 21 53 32

Total 35 10 5 1 41

alf avoided landfill GH-G emissions are also included in the analysis, then the total avoided GHG1 emissions from

waste-to-energy combustion would be approximately 11 MMINTCE.



60

1974 Technolog Path- --- 4.
40-

30o I41lMMTCE
2 ~~~~~~~~~~~~~~~~~~Avoided

20 ~~~Actual Integrated aste
10 - ~ Management Techn jogy Path ~

1970 -1975 1980 1985 1990 1995 2000

Figure 4. Comparison of Ne: GIIG Emissions for MSW Management.

Recycling and Composting

Recycling contributes to the reduction of GHG emissions by displacing virgin raw
materials and thereby avoiding environm ntal releases associated with raw materials extraction
and materials production. In addition, recycling and composting avoids GHG releases (i.e.,
methane) by diverting the disposal of org nic materials in landfill. As shown in Figure 5,
increasing recycling and composting fro about 8 million metric tons, or 7% in 1974, to more
than 53 million metric tons, or 28% today avoided the release of more than 4 MMTCE annually.
Recycling data presented in this document include GHG emissions from materials separation and
reprocessing as well as comnposting activit es.

Waste-to-Energy Combustion

Waste-to-energy facilities reduce GHG in two ways. 'First, combustion of MISW with
electrical energy production displaces electriity generated by fossil-fuel-fired power generators.
Second, MSW that otherwise would produce methane as it decomposes in a landfilliis instead
diverted from the landfill and combusted t produce electricity. The GHG emissions resulting
from the combustion process are far less tian those that otherwise would be produced by fossil
fuel power generation and landfilling.
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Figure 5. Comparison of Net GHG Emissions Avoided from Recycling and Composting.

About 29 million metric tons of MSW, representing about 15% of U.S. MSW is managed

today by waste-to-energy combustion, resulting in a net decrease of GHG emissions of about 5

MMTCE as shown in Figure 6. Note that Figure 6 includes only the net decrease of emissions

attributable to displacement of electricity and does not include the GHG emissions avoided from

land disposal. If the avoided landfill GHG emissions are also included in the analysis, an

additional 6 MMTCE is saved by virtue of combusting versus landfilling the 29 million metric

tons in a landfill without gas collection. This raises the total amount of GHG emissions savings

through waste-to-energy combustion from 5 to 11I MMTCE.

Landfills

The U.S. currently landfills about 129 million metric tons of MSW and combustion ash,

representing 57% of its MSW generated. In 1974, 108 million metric tons of MSW were

landfilled. Landfills with gas collection systems reduce the release of GHG emissions associated

with the decomposition of waste. For instance, if the CU4 gas is collected and utilized to create

energy, the energy produced displaces energy that otherwise would have been generated by fossil

fuel sources. Due to the growth of landfill gas collection projects from zero in 1974 to nearly

300 landfill gas-to-energy projects today,8 Clean Air Act requirements, and improvements in

landfill design and management, there has been a substantial reduction of GHG emissions
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Figure 6. Comparison of Net GHG Emissions Avoided from Waste-to-Energy Combustion.

associated with MSW landfills. For this aalysis, we assumed that 1974 landfills had no gas
collection or energy recovery. In analyzig landfills today, we assumed that 50% of the MSW
being landfilled is managed at sites with gas collection. Of the gas collected, 50% was assumed
to be flared and 50% was assumed to be 1 sed for energy recovery, using recent statistics of the
distribution of energy recovery projects (intemnal combustion engines, direct gas use, gas
turbines, etc.).8 The GHG emissions asso iated with fossil-fuel-based electrical energy that was
displaced by the use of landfill gas was included in the calculations.

The results, as illustrated in Figurq 7, indicated that moidemn landfills today avoid the
release of 32 MMTCE of GHG emissions~ This level of avoided GHG emissions is achieved
through the use of gas collection and contiol systems as well as the diversion of MSW from
landfills by using of recycling, composting, and waste-to-energy combustion technologies. Note
that the GHG emissions from landfills are the total quantity of gas released over 1 00 years for the
quantity of MSW landfilled in a year. Foi all other waste management processes, the GHG
emissions are released instantaneously; bt t for landfills, waste decomposes over several decades,
and the GHG numbers in this analysis are the total emissions over 100 years of decomposition
from the waste landfilled in 1974 and tod y.
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Figure 7. Comparison of Net GHGEmission Reductions from Landfills.

Collection and Transportation

Collection and transportation of MSW and recyclables accounted for about 0.5 and

0.9 MMTCE in 1974 and today, respectively. More GHG emissions are emitted today from

collection and transportation due to the doubling of the amount of MSW generated and collected

since 1974. In addition to increases in GHG emissions from collection and transportation,

increases in other local pollutants (such as sulfur oxides, nitrogen oxides, carbon monoxide,

ozone, and particulates) should also be considered, particularly in regions that are classified as

nonattainment areas with respect to the National Ambient Air Quality Standards.

Carbon Sequestration and Storage

The magnitude of carbon storage relative to the magnitude of emissions is shown in

Table 7. Considering carbon storage in the calculations dramatically offsets all of the energy and

landfill emissions. If carbon sequestration is considered in this analysis, then net GHG emissions

avoided are still about a factor of 5. Overall, the basic findings remain the same: improvements

in management have dramatically reduced net GHG emissions from the waste sector.
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Table 7. Net GHG Emissions ncludIng te Effects of Carbon Sequestration
for 1974 and Today (Mmtcelyear).

Estimated Ar ount
of Carbo aEstimated GHG' Total Net GHGScenario Sequestered Emissions Emissions

1974 -22 35 13
Today -48 1 0 -38
Today with 1974 -40, 51 11
Technology

CONCLUSIONS

America's cities are avoiding the anual release of 41 MMTCE of GHG emissions eachyear through the use of modem MSWmanagement practices. The total quantity of GHG
em-issions from MSW management wasr duced by afactor of 5(51 tol10MMTCE) from what itotherwise would have been, despite a doubling in the rate of MSW generation. This reduction is
a result of several key factors:

* Increasing recycling and composting efforts from 7 to 28% resulted in savings of
4 MMTCE from avoiding use of virgin materials.

* Producing electricity in wset-energy facilities avoids 5 MMTCE that would
otherwise have been produ ed by fossil fuel electrical energy generation and
avoids 6 MMTCE of GHG emissions that would be produced if the MSW was
landfilled.

* Increasing diversion of MS W from landfills by using recycling, composting, and
waste-to-energy combustion.

* Increasing landfill gas co~l ection and energy recovery technology avoids
32 MMTCE that would otherwise have been produced by older landfills and by
fossil fuel electrical energy generation.I

This study illustrates that there has~ been a positive impact on GHG emissions as a resultof actions taken by local governments in nmanaging MSW. Although MSW has more thandoubled since 1974, more than 41 MMTCS of GHG emissions per year are being avoided basedon actions taken in U.S. communities. Th~r are additional opportunities for decreases in GHG
emissions as well as improvement in other~ environmental co-benefits through improved
materials and energy recovery from MSW management.
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For more information about the decision support tool, please contact either

Susan Thorneloe, EPA Senior Project Officer, at Thorneloe.Susan~epa.gov (or 919/541-2709)

or Keith Weitz at RTI at kaw~rti.org (or 919-541-6973). Also, information is available through

the project web site.9 This World Wide Web site will be updated as the final project documents

are completed and the details for the release of the decision support tool are finalized.
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February 10, 2001

New Report Backs Plantn oeTest ih
WarmingntnMoeTestFih

By ANDREW C. REVKIN

A n influential panel of scientists is prep ngto endorse two strategies forflcurtailing global warming that have be( n major points of contention
between the United States and Europe in effi its to complete a climate treaty.

In a report scheduled for next month, the pane concludes that by protecting
existing forests and planting new ones,,countries could blunt warming by
sopping up 10 to 20 percent of the heat-trapp ing carbon dioxide that is expected
to be released by smokestacks and tailpipes o e the next 50 years.

It also says the cost to industrialized countrie; of a global climate plan could be
cut in half if they were allowed to buy and sel Icredits earned by those that make
the deepest reductions in carbon dioxide and other so-called greenhouse gases.

The conclusions could bolster the position of 'he United States when
negotiations over details of the treaty resume this summer. But some experts
involved in the talks stressed that a scientific alss of untested climate-control
strategies says little about whether such effort would prove effective.

"The big question is whether real programs in the real world will work," said Dr.
Daniel A. Lashof, a senior scientist at the Natra Resources Defense Council, a
private environmental group. "The devil's in t e details.'

The report was written by a working group wthin the Intergovernmental Panel
on Climate Change, a network of hundreds of scientists who advise governments
on climate issues under the auspices of the United Nations. The group plans to
release it at a meeting in Ghana.

A final draft was recently sent to governments for comment, and a copy was
given to The New York Times by an American official.

The panel's findings are closely watched by go verments as a barometer of N RTELmainstream scientific thinking on global warin.NETVQ#KS5

A report by another working group last month concluded that the burning of
fossil fuels and other human activities are resp nile for most of a one-degree
rise in average global temperatures measured ifi the last 50 years. This was the
first time the 12-year-old panel found that humyan actions were the dominant
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force behind the recent warmidng.

The climate treaty, the 1997 Kyoto Protocol, would require 38 industrial
countries to cut emissions of greenhouse gases by 2012 to 5 percent below
emission levels in 1990. It has been signed by more than 1 00 countries but lacks
fine print and has not yet been ratified.

Negotiations over details broke down at a tumultuous meeting in November in
The Hague when the European Union rejected an American proposal calling for

trading in credits for emissions reductions and granting credit for planting forests
and crops.

The report lends some new credence to the American positions- According to
the panel, "Forests, agricultural lands and other terrestrial ecosystems offer
significant, if often temporary, mitigation potential.'

Even if the carbon taken from atmospheric carbon dioxide is eventually released

again from plants or soil, the report said, "conservation and sequestration allow
time for other options to be further developed and implemented."

The scientists added that if the rules for such living carbon reservoirs were right,

they could also preserve endangered species and improve water quality.

The European Union and some private environmental groups have opposed
giving credit for forest planting, saying it could take the pressure off industrial
countries to cut emissions from the source: vehicles, power plants and industry.

In The Hague, the United States scaled back the amount of credii it sought for
farm and forest changes, but American negotiators and many representatives in
Congress say this remains an essential component of the final Kyoto treaty.

11. ~~~~~~~~~~. I~ ~ ~ '

Trading of emissions credits is equally contentious. Such trading is a way of

encouraging the greatest cuts in pollution where they can be done most cheaply.
In theory, under such a program the United States or another wealthy country

- either directly or indirectly - could get credit toward greenhouse-gas targets
by investing in new, efficient power plants in, say, Eastern Europe.

The new plants would represent a big leap in performance over old,
pollution-belching plants there, proponents of trading say. Building similar plants
in the United States would cost more and would result in a smaller improvement
in emissions.

According to the new report, a variety of economic models predict that a climate
plan without tradinA among industrialized countries would result in a range of

losses to their gross domestic products of anywhere from two-tenths of I

percent to 2.2 percent. Under a climate plan with emissions trading, the range of
losses could be cut in half.
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Over all, the report says, even in the middle if this range of possible losses,
costs of adjusting power plants and other sources of greenhouse emissions
would be small enough that no substantial ecknomnic harm would result. On one
point, the scientific panel, some environmnental groups and some industry
officials all agree: To make emissions tradin work, there must be clear,
enforced ruies and an accurate way of measurng changes in gas emissions.

"If you don't have a system that's legitimate adverifiable, there's tremendous
potential for gaming the system," said Dale E.Heydlauff, senior vice president
for environmental affairs of American Electri Power, a $1 2-billion-a-year
energy company that supports trading under ~he climate treaty.

But some environmental groups insist that thi re is a moral obligation for
countries to make a significant amount of their emissions reductions at home.

"From the European perspective, we think tht should be apriority," said
Frances MacGuire, the climate change policy director in the London office of
Friends of the Earth. "There is a place for tra ing, but it shouldn't be without
limit."

Copyright 201 The New Vok Times Company
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controlling climate, change," says WI R.TeIC lsiissoot inStanford University professor Markh vtlo"ctg~ o cetfJacobson. ICudetadnansysht sootThe familiar black residue coat- isn't a r oetfaprof solaring fireplaces and darening btruck radao Accepting the 1PCC~s explanationexhaust is second ButimIbttnJacobson say oot cOrn- lrthe sake of argumentthe hereto.only t carbn dioidePa a as fbnsi h topee with dust, for'e ignored existence of soot-plusglobal warming, accoruing to seMr.tamshei eosl n exactly offsets the cooln effect ofweek ~ ~ ~ ~ .chmc~. h eulatprtce, the aerosols - and the EPCC is backi iactbon'sne stidypublshe jornlto needing an explanation for whywaueeki.h rsiiu ora more sol raito hnpanso. global temperatures aren't risingTha ugh ThtureCahypothenewseThcarbonCwith gteenhouse gas concentra-sthougratr a ddmdi e eds t a esdioxide~ th motioprtntslbstoy ad mdiarelaseto potlight al w gr fatr rpigslrSo the EPCC models that assume
reothed itudy not thjredAsoiaotled radiation at a rate of 1.3 wtspr global climate is very sensitive toPressrthedi- Wahngtonh Psosit o ew squar eter. Methane is rae e- greenhouse gases and predict a 23-.Yorks Times Walloshicgto Poto e ond by the EPCC at 0.47 watts per to 10t4-degree increase in tempera-YorkTime, al of hichtypiallysquare r~eter. Jacobson estimates ture over the next 100 years remainmiss no opportunity to trumpet the ratinig for soot-plus is an seriously flawed.

al wastresaburgo- stu 03 wttgersuaeUniversity of Virginia clnimatol.-
But that's the problem. Mr. meter. .gistPat Mchels says Mr. Jacobson'sJacobson's study raises serious Here's how study bolsters his prediction of onlyquestions about the theory that soot-Plus is a a 2.5 degcte Fahrenheit increasehumans are measurably changing show-soper. over the next]100 years. Atnospher-global climate. The i gener- ic Pyscst S. Fred Singer says theMr. Jacobson ironically offers the Prdce temperature increase isstudy as a reason to accelerate a.aremnttataly to be even less.effort to cotrol gobal wrming global tempera- mhe larger question, though, isefforts stod actroly globaltwarming th tures warmed ho uch confidence should beBut his study actualy illustrates thefrom 1910 to 1940i PCfreatcopteutter folly of the Kyoto protocol - and cooled from plae in IC oeatopeeUS.199 S renateno whic callsfiredrsi 194 toh17 hyovedrlooking possibly the second-the 1997 treaty not yet ratified940btothe75 most important marnmade impactU.. enuatewhichcalblsdfor drastic Temperature on chinate?seucions (re cad rbenergy xuse" among changes since Under the Kyoto protocol, car-dvlprednaicted inbhopes of avoid- 17 r ol bon dioxide emissions would bedeveloped nations -- ~~~~~~disputed. The reduced to 1990 levels by 2010 -ingprdce climate-related "s~~~es PCsy global what could amount to a 30 percentcalamities. 

- e prtrS reduction in energy use. Should weGlobal warming alarmists claim have wa~md u hscamihumans are raising global temper- based o~ sufaeepeatre te enomgy basedo an preickarionsatures by burning oil, gas and coal. records the r bae pwr y o globaly warming tat aredistonlckSuch combustion releases carbon temperatuoregreadigswfromiuranhatinaunerstanding
dioxide into the atmosphere. The areas wheconcrete and asphalt Certainl modresrseachisnnedadded "greenhouse gas" absorbs absor Ct.edrtoacnfirmsoot ieseathe dirt secet-solar radiation, thereby "unnatu- Other .limatologists poin to tha uondoemsogobalth warmty hserterally" arming he atmophere.satellite tnad balloon temprauria. Meanwhile, the soot-plusUnchecked carbon dioxide emis- measuren ents that are uafce hypothesis should bar the rush-to-sions will cause global tempdratures by the so- Failed "urbanhetiln judgment the global warming push-to rise by as much as 10.4 degrees effrect" anu that reportno siniians wants us to make - if only theFahrenheit over the next 100 years, warming global warmn sic media would tell someone.according to the alarmist Umited 1979.Nations' Intergoverrnmental Panel So desp te the steady increase in _____________on Climate Change (IPCC). This aflnosphei ic greenhouse gases all Steven Milloy is publisher oftemperature increase is predicted to during th4 20th century, there has Jf~inecmada duccause all sorts of problems from been significant no warming trend scholar at the Cato Institute.severe weather-related events to since 1944.
higher sea levels to the spread of The IPC tries to account for thisinfectious diseases. discrepanyb syn an increaseThe predicted rise in global tem- in atmoshri aeools - dustperature is not based on scientific from volc~nic eruptions and sull-evidence, but rather on mathemat- fates from fossil fuel that reflectical models that rely on crude solar radiiation - masked the post-assumptions about the numerous 1940 warming effect of the green-and complex factors that affect glob- house gases by providing a coolingal climate force in ti4h. nchr
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U.N. Report Forecasts Crises
Brought On by Global Warming
Poor Countries Would Bear Brunt of Climate Consequences

______________________ The 1,000-page report follows

By E~c PLNiN - Die W r ngthe group's warning in January

Washtnvon Post Staffre Wnrnergthat Earth's average temperature

~ FtndngsofhelateStrCPfl~fl could rise by as much as 10.4 de-

Rising d~01 WWr l idnso h aetrpr n grees over the next 100 years-

ready responsible for shrinldng global Warming by the the most rapid change in 10 mil-

gleve ntulycud toucshi offclmafote Intergovertmental panel on lennia and more than 60 percent

changsthatl would itourhaflfclm liataCane higher than the same group pre-

___ tatwudiea_-le Ciae hne dicted less than six years ago.

oZe'an currents, wipe away huge * Recent regional climate changes Taken together, the two studies

portions of Alpine snowcaps and already have had adverse effects, provide the strongest evidence yet

aid the spread of cholera and ma- from shrinkage of glaciers and that most of the global warming in

laria, according to a Study released thawing of permafrost to the past 50 years has been caused

In thermstcmpehniv l unusually early breakup of ice by humani activities, primarily the
In th mos comrehesivelook on rivers and lakes and the burning of oil, gasoline and coal,

yet at the existing and long-term decline of some plant and animal which produces carbon dioxide

effects of global warming, the re- ppltos n te ae htta eti

port by a United Nations panel ppltos n te ae hfta eti

warned of the potential for large- - Long-term dangers worldwide the atmosphere.
scal andirrversble limte iclud reuctin incro yieds, While some scientists disagree

scae ad irevrsilecliate incuderedcton n cop ielsover the panel's methodology and
chainges-including large reduc- decreased availability of water fnigterles ftelts

dions in the Greenland and West for populations in drought-prone fidnsthreaeofhelet
Antarctic ice sheets and a sub- regions, increase in the number report is likely to put added pres-

statia slwin ofthecirulaion of eope eposd t chler an sure on the Bush administration
statia slwin ofthecirulaion of eope eposd t chler ad to develop a policy to address the

of warn water in the North Atlan- malaria and widespread risk of mounting threat of global warm-

tic. flooding in populous areas. ig

The report also warns of devas,- auasytmaratisiPeidnBshndisdves
tating droughts, floods, violent *~~ssesaea ik rsdn uhadhsavsr

storm andthe sreadof cholera including glaciers, coral reefs have made increased domestic en-

andrm malai.Innldd th atpra and atolls, alpine ecosystems ergy production a top priority, but

poor countries In Arcalue Asiat ad nd prairie wetlands. have had little to say about the re-

LatincoAnerica with fima Aitead r -Uloan wrtn etiiae ol lated issue of cleaning up the envi-

sources would bear the brunt of unleash large-scale and possibly rnet tteamnsrto'

the most extreme climate chang- irreversible changes in Earth's request, United Nations officials

es. ecosystem, from a significant agreed last week to delay the next

The report said that economic slowing of the ocean circulation round of formal global warming

losses from natural catastrophes that transports warm water to treaty negotiations, set for May,

increased from about $4 billion -a the North Atlantic to large untail this suilmerl.

year in the 1950s to $40 billion in reductions in the Greenland and ThUntdSaeadohrin

1999, with about a quarter of the West Antarctic ice sheets. dustrialized countries have de-

losses occurring in developing *cl- ined so far to ratify the so-called

countries.- orcnre ol asw ah rn Kyoto Protocol, an agreement first

" Most of the Earth's people will of devastating changes asa negotiated in. 1997 that would re-

be o thelosig sie,' aid ar- result of global warming, but quire about three dozen developed

yard University environmental sci- wealthier countries including the nations to cut combined emissions

entist James J. McCarthy, who co- United States would likely be of greenhouse gases to 5 percent

chaired the U.N.'s Intergovern- lashed by storms and rising sea below their 1990 levels by 2012.

mental Panel on Climate Chne levels.

which issued the report in Gene- -,,~

va-

CONTINUED
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A Messa'ge in ErodinGlaciallce: FEB I 9 2001
Humans Are Turningr Up the Heat

By ANDREW C. REVKIN Dr Richard B. Alley, a professor
The icecap atop Mount Kilimanja- the Advancement of Science in San of geosciences at Pennsylvania State

ro, which for thousands of years has Francisco. University, said the melting trend
floated like a cool beacon over the Other keent reports of changes and the link - at least partly - to
shimmering plain of Tanzania, is re- under wa~ in the natural world, like human influence is 'depressing,"
treating at such a pace that it will gaps in s a ice at the North Pole or not only because of the loss of data
disappear in less than 15 years. ac- shifts in nimal populations, can still but also because of the remarkable
cording to new studies, be ascribed to other factors, many changes under way to such familiar

The vanishing of the seemingly scientists say, but many add that landscapes.
perpetual snows of Kilimanjaro that having such a rapid erosion of gla-~ ' What is a snowcap worth to us?",
inspired Ernest Hemingw~ay, echoed ciers in s~many places is harder to he" said. "I don't know about you, but
by similar trends on ice-capped explain eicept by global warming. I like the snows of Kilimanjaro."
peaks from Peru to Tibet, is one of The re rat of mountain glaciers The accelerating loss Of Mountain

has been seen from Montana to glaciers is also described in a scien-
the clearest signs that a global Mount El erest to the Swiss Alps In tific report On the impact of global
waring trend in the last 5o years the Alps, scientists have estimated warming, which is being released
ma yave exceeded typical climate that by 20 25 glaciers will have lost 90 today in Geneva by the Intergovern-
shifts and is at least partly caused by percent of the volume of ice that was mental Panel on Climate Change, an
gases released by human activities, there a century ago. (Only Scandina- influential network of scientists ad-
a variety of scientists say. via seem; to be bucking the trend, viigworld governments under the

Measurements taken over the last apparently' because shifting storm auspices of the United Nations. The
year on Kilimanjaro show that its tracks in Europe are dumping more melting is likely to threaten water
glaciers are not only retreating but snow there.) supplies in places like Peru and Ne-
also rapidly thinning, with one spot But the melting is generally quick- pal, the report says, and could also
having lost a yard of thickness since est in aid near the tropi cs, Dr. lead to devastating flash floods.
last February, said Dr. Lonnie G. ThompsoAi said, with some ancient Kilimanjaro, the highest point in
Thompson, a senior research scien- glaciers 4 i the Andes - and the ice Africa, may provide the most vivid
tist at the Byrd Polar Research Cen- on Kilim njaro - melting fastest of image Of the change in glaciers, but,
ter of Ohio State University. all. Dr. Thompson said, the rate of re-

Altogether, he said, the mountain Separate studies of air tempera- treat is far faster along the spine of
has lost 82 percent of the icecap it ture in thi~ tropics, made using high- the Andes, and the consequences
had when it was first carefully sur- flying bal~oons, have shown a steady more significant. For 25 years, he
veyed, in 1912. rise of about 15 feet a year in the has been tracking a particular Peru-

Given that the retreat started a altitude at which air routinely stays vian glacier, Qori Kalis, where the
century ago, Dr. Thompson said, it is below the freezing point. Dr. Thomp- pace of shrinkage has accelerated .
likely that some natural changes
were affecting the glacier before it son said that other changes could enormously just in the last three
felt any effect from the large, recent also be contributing to the glacial years.
rise in carbon dioxide and other heat- shrinkag , but the rising warm zone From 1998 to 2000, the glacier
trapping greenhouse gases from is probabiy the biggest influence, pulled back 508 feet a year, he said.-
smokestacks and tailpipes. And, he Trying to stay ahead of the wide- "That's 33 times faster than the rate
noted, glaciers have grown and re- spread mn lting, Dr. Thompson and a in the first measurement period," he

treaed n pusesfor ensof tou.team of sdientists have been hurried- said, referring to a study from 1963
trateds in pulses. frtnofhu-ly traveling around the tropics to to 1978.

But the pace of change measured extract Cors of ice from a variety of In the short run, this means the
now oesbeyod aythng i reentglaciers contamning a record of thou- hydroelectric dams and reservoirs

cnowugies.byn ntin nrcn sands Of ears of climate shifts The downstream will be flush with water,
"There may be a natural part of it, data may ~help predict future trends. he said, but in the long run the source

but there's something else being su- The foi~r-inch-thick ice cylinders will run dry.permpoed n op f i "Dr.Thop-are being stored in a deep,-frozen "The whole country right now, for
sorimsosd. oAnd ito oft," Dr. Thonyp archive a~ Ohio State. he said, so that its hydropower, is cashing in on a
sonhe said. "Af eitdmaches sof wamany. as new t( chnologies are developed
ohther lin 'eso evidence aof t warming. edg hmia lusinbb
hole temperatures, shrinking Arctic bles and $ater in ancient ice, there

sea ceor gacirsthey're telling will still bea something to examine.
teseamie, soryglcirs The sad fact, he said, is that mn a

Dr. Thompson presented the fresh matter of years, anyone wanting to
data yesterday at the annual meet- study the glaciers of Africa or PeruCO TN Eingof he mercanAssciaionforwill probably have to travel to Go-ing f te Amricn Asocitionforlumbus, Ohio, to do so.
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U.N. study: Global warming hasefct
now

By arac ason A m Flowers in Wisconsin are bud- heat They include carbon dioxidle.'

USA TOAY L ding earlier in the spning. which is emitted when fossil fuels
As the planet warmis even more., are burned, and other gases pro-

'-Onal airinsis already having the report says, humans, too, are duced by human activity.

dear ffects on animals, birds, gla- likely to feel the heat. Countries in The sponsor of both reports. the

ciers and other features of the nat- southern Africa are likely to have United Nations's ntergovernmrrental

ural world, says a report out today even less fresh water. Fanming in Panel on Climate Change, carries

from a U.N.-sponsored panel of sci- the Midwestern USA will probably enormous weight with govern-

entists and other technical experts. suffer. Higher sea levels and more ments around the world. Previous

The evidence shows 'there is intense cydlones are likely to dis- editions of the report, which is pro-

high confidence" that the recent place millions of people in Asia. duced every five years, have often

rise in the Earth's temperature has A report released in January by been cited at the international ne-

had "discernable impacts on manry the same panel said the average gotiations over a treaty to control

physical and biological systems., surface temperature of the Earth global wainning.

the scientists wrote. 'High confi- rose 1 degree during the 20th cen- More than 160 nations agreed to

dence" means there's a 67% to 95% tury and could nose 2.6 to 10.4 de- such a treaty, called the Kyoto Pro-

chance the statement is true. greese fm 1990 to 21 00. tocol. in 1997. However, talks over

Changes noted in the USA: Te January report said it's likely the treaty collapsed in December.

e- Tree swallows are building that 'most' of the warming since Those talks are to resume this

nests earlier in the year. the 1950s is "due to the increase in summer, but President Bush said on

m- A western speacis of butterfly greenhouse gas concentrations, the campaign trail that he opposes

is moving farther up the West Greenhouse gases, which have the Kyoto Protocol. His adrninistra-

Coast and higher up mountain- built up to unnaturally high levels tion has yet to fill positions key to

sides. in the Earths atmosphere, trap directing global-warming policy.
Environmentalists hope the new

findings will coax the White House
into taking a strong stance on global
warming. 'I hope they really study
this report" said Jennifer Morgan
of the World Wildlife Fund.

Some scaenttsts argue the planet
may be warming naturally. The
new report doesr't touch on that
argument. nor does it explicitly tie
the changes in natural patterns to
warmning caused by humans.

However, several scientists said
it's not hard to connedt the dots.

others criticized the newer re-
port for relying on what they say
are simplistic estimates of how
.much the Earth will warm.

'No one says we can predict the
weather next year,' says Roger
Pielke Sr., an atmospheric scientist
at Colorado State University."S
wh do we think we have better
slol for 50 years in the future?'
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Measure aisto preserve rain
k forests

___ ~~Brownback Iilmeets Bush criteria
By Patrice Hill growth whe exempting develop- the Nature Conservancy and the

TEWASHINGTON TIMES r36 ng couflf 0from having to curb American Electric Institute.
A leadng Sente Retheira grericue gases. Environmentalists said they
A leaing SnateRepubican "We sho 9 d move for-ward'" Mr. also are working with Senate Re-

yesterday introduced legislation Brownbac said, "by engaging de- publicans on ways to encourage
creating tax incentives for U.S. veloping ntosrather than cut- American farmers and ranchers to
companies to work with develop- ting them o~tof the process?' use land management and conser-
ing countries to stop the destruc- IEnvirondinalsssay the pro- vation techniques that absorb car-
dion of tropical rain forests. posal woul enable the United bon dioxide in the atmosphere and

The bill, offered by Sen. Sam States to aciv about 10 percent help curb global warming.
Brownback of Kansas, was touted of the cuts iti carbon dioxide called "Thene is a way to chip away at
by environmentalists anmd industry for under the global warming environmental challenges, rather
theup United Sats can doa tof curbat treaty drafted in Kyoto, Japan, in than dernagoging an 'all-or-noth-
majo sUrted ofte ganeeotocuse gase 1997 thoug i the treaty as written ing' stance"' said Wr. Brownback
that courrentyi not covrednos byates would prol bit the United States in addressing a group of students
lobcurntyi ntcoaerejced byth from gettin 1 credit for such forest- who traveled to Washington to

c Bus s aving mea~ures. push for the legislation.
Tesdn Bush amnsrtin hc The bill, Iso addresses other se- "This is the way, Washington is

has how intres in he ropoalriou en~entl pobles ~ supposed to work;' said Kevin Cur-
ias seekningtwaysto involve deveop-sl sociated with clear-cutting, includ- ts viepeiet of the National
ingsecoungries toinvth e qett rduevlp ing the rajpid disappearance of Envir-onmiental Thist. "Instead of
the carount dioxide thousan oedcedis 6ff species of plants and going for headlines and posturing

to bewrigeisosanimals that reside in the tropics, about Kyoto, we've moving toward
thoughttobwamn the Earth's some of whfch may hold the keys soludions.'
atmosphere. It also wants to to solving nmedical problems.RoetB niaecoms
achieve such cuts without harming The bill's tax credits would be RoetBniaecoms
the U.S. economy wt niomna eesnt

The bill would address both of given to comnpanies that invest inwt niomna eesnt
Mr. Bsh'sconcens, incethe projects in Brazil, Bolivia and edtat the huge contribution to

slaBshing a ondcbrnssing e offrss other Third World countries that global warming caused by defores-
molstlying toiald bregions of foethe prevent fthrdeforestation of tation has been largely ignored in

mosty intropcal egios of the r rain if irests or replant areas the international negotiations over
ThirdWorld is esponible or tat have been cleared. A panel of the Kyoto treaty.

one-fifth of the carbon released energy and !nviromnental experts The United States and a few al-
into the atmosphere each year. would detetmine which projects lies, notably Australia and Canada,
And U.S. businesses would benefit get credits. - have tried to include deforestation
modestly from the $200 million a The bill has attracted the sup- remedies in the treaty, but their
year in tax breaks in the bill, port of an unusual coalition u~f en- efforts have been spurned by the

Mr. Brownback said he wants to vironmental and industry groups, 15-nation European Union and
"contribute to the solution on cli- including Ehvironmental Defense, Third World countries.
mate change and help to reshape the National Environmental Trust, Brazil, which has the largest
the way we view environmental rain forest, the Amazon, is opposed
problems." to measures that would penalize

The Senate, like Mr. Bush, has clear-cutting. It wants the treaty to
overwhelmingly rejected terms of include only measures that en-
the Kyoto treaty that could impose courage the replanting of cleared
harsh constraints on US. economic areas.

A compromiserproposal dr-afted
this month by JnPronk, a Dutch
minister who currently is the pres-
ident of the U.N. climate change
conference, follows Brazil's wish-
es. It would allow the United States
to take credit for the carbon-
dioxide-absorbing powers of its
own forests, but it specifically bars
businesses from getting any credit
for protecting rain forests, Mr.
Bonnie said.

24
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much of East Germany's polluting indus-
tries. But the rest of the Eu is hardly more

O h no, Kyoto ~ ~~~~~~~~~~~~~~~~~likely to meet the Kyoto targets than is Amer-

ica. Mr Bush's apparent torpedoing of the
deal could well have let hypocritical Europe-
ans off the hook.

The dialogue between the Eu and the
W&S$ING!ON. DC i~~~~~~~~~~~~~~~mericans remains highly strained. After a

George Bush has thrown the decade-long effbrt to finalise the UN treaty On curt reception of a delegation led by Marga-

climate change into chaos. Can the treaty survive-and should it? ret Wallstrom, the European environment
commissioner, this week, Ms Whitman is-

THE K~yoto Protocol, which binds indus- that his long-stated opposition to the Kyoto sued a curious statement that captures the

1i trialised countries to cut their emissions targets was not open to post-election per- Kafkcaesque quality of current American

of greenhouse gases, was signed with much suasion. some of his aides have flatly de- thinking. She starts on a seemingly cheerful

fanfare in 1997. ror theUnited States,the deal dlared that the Kyoto agreement is dead. note "I continue to be as optimistic as the

was done by Vice-President Al Gore, who Mr Bushs actions sparked a ferocious president" She then goes on to reiterate Mr

coul faily caim o hve ben oe ofthe storm of criticism from every corner of the Bush's hard line: "the Kyoto Protocol is un-

first public figures to focus attention on the world,from Europe tojapan, and from Can- fair to theUntdSaeadtothriu-

dangers ofglobal warming. Now, three years ada to China. Much of this was mere postur- trialised nations because it exempts So% of

on, nearly a decade after the first UN treaty ing, with environment ministers claiming to the world from compliance. That is why the

On global warming was signed, the protocol be shocked,shockedby astateof affairsthey United states Senate voted 95-0, to warn

seems to have been dealt a le- against sending the Senate a

thal blow-and it was wielded treaty that could damage the

by the man who defeated Mr economy." But she concludes

Gore for the American presi- 6- - byoffering somehope "Global

dency, George Bush. climate change is a serious is-

in truth, the protocol was <2sue 
that this administration is

already in deep trouble even committed to addressing by

beforeMr Bush took office. the working closely with our

most recent round of negotia- '¾friends and allies:'

lions over the implementation
of Kyotd, held in The Hague last ftg > Clear asimud

November, ended in disarray. ~ ' n 'This statement has left every-

The EU had refused to accept 4body concerned with climate

the American arguments that ,. 
change scratching their heads

tlhe Kyoto targets should be met - ' 'and 
wondering whether the

through the use of more flexi- 2t .Kyoto 
treaty is really dead or

ble mechanisms, notably the ~ .- 
not rhere is astill more pro-

free trading of emission rights --- ifund issue at stake, argues

(including trading betwe Maurice Strong, an environ-

countries) and the claimin o- .-. - mentalist who was in chargeof

credit for fiorest and agrcl .the 
earth summit in Rio de Ja-

tural "sinks" that absorb ar neiro in i99t. it was at that

bon dioxide, the principal Get used to it gathering that the then Ameri-

greenhouse gas. Some Euro- can president, Mr Bush's fa-

pean ministers made it clear that they alreadyunderstood.Ifladdition~admfittedly. ther, signed the Framework Convention on

wanted Americans to feel some economic there: was a layer of genuine surprise at the Climate Change, the landmark treaty that

pain more than they wanted a workable administration's clumsy handling of it all. launched the process that led to Kyoto.

agreement Unsurprisingly, the Americans One American energy boss, a veteran ob- Mr Strong argues that the younger Mr

made it equally clear that they could not server of climate-change diplomacy, said he Bush's attack on Kyoto could mean one of

possibly implement Kyoto a's it stood, foirthe was amiazed by "the manner and tone of two things. Perhaps the president rejects the

cuts it required would be far too swingeing. how all this has been handled: it was inex- entire Rio process of international engage-

Mr Bush has now dropped two big perienced and immature." ment on climate change. Alternatively, Mr

bombshells, which may conceivably kill The Europeans were only too happy to Bush may object chiefly to the details of the

Kyoto altogether. Last month, to the embar- take the moral high ground. Yet, as their Kyoto blueprint-the specific bundle of

rassment of Christie Whitman, head of the blindly rigid approach in The Plague emissions targets and timetables agreed in

Environmental Protection Agency, and showed, theirposition was hardly more ten- 1997 in that Japanese city. if what Mr Hush

other top officials, he abruptly announced a able than thatof the Americans.Quite ffimu- opposes is the first, MrStrong thinks that this

u-turn on a crucial aspect of his domestic itously, twO EU member countries are rea- 'will be not just a setback, but an immense

policyonclimatechange a campaign pledge sonably close to their Kyoto targets-Britain, tragedy:' But if Mr Bush means the second,

to regulate CO. through domestic environ- thanks to its dash to gas in electricity genera- and if hie comes up with some innovative

mental laws. And last week, he made it clear tion, and Germany, thanks to the closure of counter-proposals, then the president might

T i l t EC O NO M I S t AP K IL 7 tH ±0 0 1 
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fLateairo riin teprtrWi:.es The second argument put forth by Mr ket forces more play and encourage innova-
Likeihod o temeraureincrase 0.4 Bush's team is that developing countries to n neteti la ehoois

Aobadir such as India and China are not required to the cost can be substantially reduced. Such
1cc1p~ d,~ cut emi sions, and so get a free ride while provisions are envisaged in the language of

dEsttnIR. -0.3 Americ suffers economic hardship. Under the Kyoto pact, and were the starting-point
the Kyot pact, only indlustrialised countries for the Clinton team negotiating in The

~ -~--O2 are requre to cut their emissions of green- Hague. But they fell foul of the Europeans'
Lower 95% ~~~~~house gses during the first "commitment suspicions of the market. The Eu delegation

bound: period") ~~~~~to an average of about 5% below insisted on a variety of measures, such asre
their 9n levels by the end of this decade. strictions on emissions trading, that would

But dos this mean that poor countries have made the deal more rigid and more
25'CMe~r

2PC are .gettii g off scot-free? It is true that China costly than it had been to begin with.
pai ea 2 3nantm4ra rchng 0 and India are already big emitters of green- As for the fourth point, about congres-

1. 2%2 1 W(IPIA I. 1M).~house gz ses, and in a few decades may even sional politics, there is no doubt that the Sen-
uncn~a6,f~kaO~naefloecftcs ~'~' be the w orld's biggest. Today, however, their ate was never going to ratify' Kyotoas it stood.

contribi.tion pales besides America's (see But it did ratify' Rio, and Mr Bush may now
have provided a much-needed shock that chart 2). It was the rich world that created to- be underestimating the degree of public
revives the troubled treaty. day's problem by emitting greenhouse gases concern about global warming.

Working out what Mr Bush really means, while in lustrialising over the past century', it
and whether he will be the scourge or the is only (air, goes the argument, that rich Fixing Kyoto
saviour of the global environment, depends countries act first to curb emissions. The The game has moved on, however, and if
greatly on understanding the reasons for his Kyoto pcssenvisages that poor countries there is now tobeanychanceofrescuingand
opposition to Kyoto. This would be an easier will tak on targets at alater stage. improving Kyoto, some big changes must be
task if Mr Bush had announced his policy in, Thai Mr Bush is challenging Kyoto on made to its provisions. Chief among these
say, a thoughtful speech on the matter. He this poii it troubles many, because it suggests are targets and timetables, which are key de-
has not, and his aides say that he will not do that he may have deeper ______________ terminants of the treaty's
so until a cabinet-level panel completes an philosoj)hical problems America exhales rn economic cost. That is be-
exhaustive review of theoptions. with th.- Rio approach to Emissions per person, 1997 cause one of the chief at-

However, the administration has al- climate 4hange. His revela- tonn.fuof -It09i tractions of Kyoto to the
ready cited several arguments for opposing tion that the poor are get- Osia rLc; environmental lobby is
proposed action on climate change. It cites ting off ~cot-firee rings hol- fi also its biggest drawback:
uncertainties about the science, the lack of low, fi~r the notion of .7 the fact that it calls for
participation of poor countries, the econ- "common but differen- na 6 sharp reductions in emis-
omic burden imposed on the United States tiated" responsibilities is Unted States sions over a relatively short
and the political impossibility of getting the enshrind in the Rio treaty, Atria period of time. That was
Kyoto treaty ratified in the Senate. All four of which Mr Bush's father Fmlhdmeant to have the pleasing
these warrant a closer look, signed and which passed 3ilp na effect of galvanising politi-

The alleged uncertainties of climate sci- the American Senate unan- Btan -apn 2 cians, and jump-starting
ence are not ajustification for Mr Bush's ac- imously. Even Republican Fac wisrnd the century-long process of
tions. it is notable that even such heavy- insiders [in the Senate say mexico -china dealnge wt lmt
weight companies as Ford, BP' and Royal that there is room for com- chneseriously.
Dutch/Shell, all of which opposed Kyoto, promisdon this point-per- W~ W,. N.. The trouble is that
have since shifted their positions towards haps a~n the lines of a front-loading deep cuts
supporting its general aims, if not its specific firmer omitment by developing coun- makes them much more expensive to imple-
targets. This is because they recognise that tries th t they will indee d sign up to Kyoto ment. And that problem ha§ only become
the overwhelming consensus among the cli- targets atalater stage. worse as the American economy has
mate scientists is that global warming is real, A th rd objection from the new adminis- churned out emissions over the past decade
that its effects will eventually be damaging tration onescost. Some of this, too, is of growth. As a result, America 's emissions
or even catastrophic, and that the evidence posturi gClaimsby Mr Bush that America's are already well above their baseline of i99o,
ofman's role in it is strong enough to warrant "energy ~crisis" prevents it from taking action and higher by an even greater margin than
some action now. to curb emissions are bogus. There is _________________

The chief authority on this matter is the no energy crisis in America, just a Distant targets F
UN'S Inter-governmental Panel on Climate botched deregulation of electricity in Emissions 1998, differences from K~yoto target 1 H
Change, which includes most of the world's Califond ia. Even so, the question of mtnnsocaoe
leading climate scientists. In the group's lat- cost is rmut-and on this the ______________

est and most alarming assessment, it said Amenrn are more in the right than %cag edd.,,e

that the earth could warm up by between the Eurcpeans.
t.4'C and 5KC over the next century. Sceptics The costs of the Kyoto Protocol, as 10602wrL <.v j

have tried to rubbish this prediction, point- with everything else involving cli
ing out that the ipcc gives no indication of matech gearencotknown with any ~ 0

relative probabilities for that range. Now, a precisio . Economic analyses range ka

team of (comparatively sceptical) experts at from ze ro or even net gain to stagger- _______00_________

the Massachusetts institute of Technology ingly h gh The ipcc reckons that a30
led by Henry Jacoby has completed that modest y flexible treaty would re- . 0'0

elaborate number-crunching exercise (see duce glk bal rD? by between 0.1% and r"i%~ 4 %% 4
chart i). By their reckoning, the median rise i.i% in 2010o. But most economists.
in temperature that the world can expect, if agree taif the treaty is imple- U Ce~k ~A Cd Rep. Estc., *it peaW.Sl.
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the target set for the end of the decade (see sible. First, it is plausible that the entire Kyoto any treaty that purports to address global

chart 3 on previous page). Many European process may fall apart completely. This warming without the support of the country

countries also have a tough road ahead- could happen suddenly at the Bonn gather- with the biggest emissions, which also hap-

which some have no real intention of travel- ing, or in painfully slow f'ashion thereafter. If pens to be the world's biggest polluter, is

ling-but for most the required cuts are not the Europeans maintain their hostility to surely a frce.

assavageas America's. market approaches and continue their hyp- INot necessarily, argues Michael Grubb

Though few politicians on either side of ocritical attacks on Mr Bush, they could well ofBritain's Imperial College.He reckons that

the Atlantic pay attention, economists argue push the talks off the rails, the only salvation for the process will come

that there is a better way to reduce the econ- Even more deadly, though, would be the from bold, but measured, steps taken by the

omic burden of Kyoto: to introduce a "safety revelation that Mr Bush's opposition to EU.-He argues that Russia will ratify the treaty

valve". David Victor of the Council on For- Kyoto extends beyond targets and timeta- since it has much to gain from the sale of its

eign Relations, a think-tank in New York, bles to the entire Rio process. However, such plentiful stock of unused emissions.Japan is

wornies that governments will learn the a derailment seems unlikely, as public sup- trickier, since it is even less likely to meet its

wrong lessons from the Kyoto saga: that the port foracinnlbawffigisstrflngin taestnurphtiw thaaee

demise of the treaty is due merely to the am- both Europe and-say some recent opinion are as keen on market mechanisms and trad-

bition ofits targets and lack of will in the Un- polls-even in America. There are signs that ing as was the previous American adminis-

ited States. in a timely new book, "Ihe Col- Mr Bush's stridency on the Kyoto pact and tration. In the end, though, Mr Grubb argues

lapse of the Kyoto Protocol" (Princeton his desire to open Alaska to oil exploration that Japan will not allow its refusal to ratify

University Press, $19.99), he argues to provide the nail in the coffin for a

that, while those factors are undenia- treaty bearing the name Kyoto. By the

ble, the real cause of the treaty's cot- tm h eterhsmi ae

lapse is the architecture of a pure "cap place, in September 2002, in Johan-

and. trade" system, which allows am- nesburg, he reckons it may be in force,

bitious targets but puts no limits on even without America.

compliance costs. The key, he argues, is for Europe to
A number of like-minded boffins ~~~~~~~~do this not with bitterness, and cer-

agree that, since global warming is tainly not in the rigid, moralistic and

caused by the growing stock of green- ultimately costly tone that it adopted

house gases in the atmosphere (rather in The Hague. Rather, he argues for

than any one year's level of emis- Europe to pursue as flexible an inter-

sions), strict caps in the short term pretation as possible, so that Kyoto

make little sense.The cost of meeting a becomes potentially attractive to the

specific emission target can be as- United States. By forging ahead, he

tronomical if, say, firms do not have notes that Europe would also show

enough time to adjust or if they have that it is not merely posturing over

long-lived capital assets. Mrvictorar- -.
Kyoto. This may help persuade poor

gues that Kyoto must be amended countries to commit voluntarily to

with some safety valves (such as extra targets in future, which in turn may

credits that a country could issue if lure America back to the table.

costs of compliance skyrocket in a The last option, of course, is that

given year), to ensure the economic Mr Bush surprises everybody and

burden is supportable. comes up with a credible set of pro-
posals that revives the Kyoto negotia-

The end game tions, either by the Bonn meeting, or

Will the shock that Mr Bush has given more likely some time thereafter. To

to the Kyoto deal result in the adop- .do 
that, however, he will probably

tion of any such sensible propoals . -need to come up with some serious

Since even Mr Bush's administration A tree-lined sink domestic initiatives on climate

does not seem to know its own posi- change, so as to claw back some of the

tion on global warming, it is hard to say. The may be provoking a broader green backlash credibility and goodwill he has lost on this

next few months will bring several opportu- that could rally support in Congress for ac- issue in recent weeks.

nities for America and Europe to clash on tion on global warming. Such an outcome seems less fanciful

this matter. Talks among several dozen envi- Another possibility is that Europe forges when one considers that it is not only green

roitnmental ministers are due later in April in ahead with the Kyoto treaty while America groups, or even the ordinary punter, that

New York For that meeting, Jan Pronk (the dawdles. Comments from Mr Bush's na- wants action on climate change. Many of

Dutch environment minister who chaired tional security adviser and others suggest the America's biggest businesses, ranging from

the failed tal ks in The Hague last November) White House believes that Kyoto will die DuPont to United Technologies, and even to

is preparing a robust new proposal that he without the United States. Not so fast, sayva- coal-fired utilities like AEP, support action

hopes will bridge the ever-wider gulf be- rious outraged European officials. Sweden's on climate change and want regulatory cer-

tween the Eu and America.The Bush admin- environment minister, Kjell Larsson, insists tainty on the question of carbon. Those are

istration has also said America will still par- that "the Kyoto Protocol will not failjust be- the sorts of voices that MrBush should heed.

ticipate in the next round of the Kyoto cause the United States doesn'tjoin. One of Mr Bush's top lieutenants this week

process, due to be held in Bonn in mid-July. Technically, he is right the treaty can even insisted that his boss would be a world

However, it is not clear that the taskfibrce come into force if 55 of the signatories ratify leader on this issue. The ultimate irony of the

now developing a new climate change pol- it, including a big share of the polluters. in past two weeks' coruscating attacks on the

icy will be finished by July-or what poor practice, that means the EU must persuade -Amenican president is that he could yet turn

Ms Whitman will say in Bonn. Russia and Japan to sign. Realistically, how- out to be Kyoto's saviour after all.

Given all this, several outcomes are pos- ever, he might be talking nonsense. After all,
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Bush's oves to Assure
Right Ignite Storm on-Left~

`UEIC@( ang red by Mr. Bush's decision to Porters to practical Political effect.
By RICHARD W. STEVENSON end federal financing for internation- Although they have taken heart
WASHINGTON, April 7 -On issue al family Planning groups that sup- from the diff iculty Mr. Bush has had

after issue in his first few months in port abortion. getting his budget through the evenly
office, President Bush has heartened "N~ot since Clarence Thomas was divided Senate, they have had little
and reassured conservatives, nomyinated to the Supreme Court success in blocking or reversing any

But in pleasing the right. Mr. Hush havi I seen such a spontaneous and of Mr. Bush's other initiatives. And it
has infuriated many liberals. And in strolg reaction from people at the is too early to say whether Mr. Bush
doing so, he has helped re-energize grass roots," said Kate Michelman, will be able to maintain some claim
some of his mast vocal political oppo- pres ident of the National Abortion to the political center as his term
nents and provided a rallying cry for and Reproductive Rights Action progresses, and what role the left-
those politically active Democrats Leakue. "They hit the phones, the right clash might have in the mid-
who were already fuming over how fI~ ad tee-mails even before we term elections next year.
the presidential campaign ended, got ourselves focused on exactly But it seems clear that whatever

Environmental groups, labor wha we would do." other effects it will have, Mr. Bush's
unions, abortion rights organizations. W ifte House officials say much of move to the right and the reaction
and other powerful Democratic con- the~ riticism from liberal groups is from the left will make it hard for
stituencies said that in dealing them unfgi[r, asserting that Mr. Bush, for him to "change the tone" of intense
some harsh early setbacks, Mr. Bush exan ple, has supported some of the partisanship in Washington, as he
had given them a chance to motivate Clinton administration's environ- frequently pledges to do.
their supporters at the grass-roots mental actions, likejIin die ejil Steve Cochran, director of stra-
level, to raise money and to chal_ emissions. They ofy te tegic communications for Environ-
lenge any claim the new president grous a more focused on playing mental Defense, said some environ-
had to being a moderate. politics than on addressing issues, mental groups, including his, had

"WhatBushhas one incethe Thei actions also are indications been optimistic about working with
electio iushaffrntdoand slapped ine that the previous administration tilt- Mr. Bush to find common ground and

theefaceneveryfmajoreactivistacpesti- ed tie playing field toward groups compromises. Now, he said, liberals
uhenfcye saidy Raogr Hcickeyt consdire- that oppose the president," said Ani were starting to have the same kind

uency" sai Roge H Ameyodrica' Fle Schr teWieHuesos-of visceral negative reaction to Mr.tor of the Campaign for Aeiasmanl"Te intiretrnth Buhtacosvtvshdtony
Future, a liberal advocacy group. peieti etrn h uhta osraie a oay
"They've attacked labor. Thy'e bal ie and the middle ground." thing associated with Mr. Clinton.

undermined reuations the Teyvrn- Sm Democrats said Mr. Bush "These decisions - both the con-
undermined renviron had stepped into a trap left by Mr. tent and the style in which they were

mentalists care about. -They've out- Chin1 n hs atmnt cin nnucd-hv ute oaie
raged women. They've given each fon . whoe last-dminusteractionst h announcedn an havefute peoplaiedigi
constituency a reason to say to itsfocdtenwamnsrto toteiutonnd aepoleign

troop, le's cange his quaton" rapple immediately with many more rather than relax," Mr. Coch-
Some of the ire among liberals charged issues it might otherwise ran said.

stems from personnel choices made have delayed, especially those in- Steve Rosenthal, the political' -(aji'
by Mr. Bush, particularly his selec- volving labor and the environment. rector of the A.F.L.-C.I.O., said the
tion of John Ashcroft, a strong oppo- Aides to Mr. Clinton said the regu- labor federation's president, John J.1

nentof aorton rghts asattoneylation s had been in the pipeline long Sweeney, had recently directed
generl And sbomeio stemtsasfatroe bfote the election was resolved. But union officials to go to "war footing."

flury f pliydcisonsbyMa. they~ said they knew as they left Mr. Rosenthal said organized la-
Bush incudig hi movs t revrseoffice that Mr. Bush Would pay a bor was developing a campaign to

orBuspencldiregultr acios ands t political price if he reversed actions shape public perceptions of Mr.
exectiveordes isued y fomerthey1 believed had strong support. Bush. He said the campaign would

President Bill Clino intewnig l ush has really lit a fire, espe- seek to pressure Republican law-ofimi the latamiit ation. cially on the environmental issues," makers from states where Al Gore
daysoftelsadiitain said~ John D. Podesta, who was Mr. did well in the 2000 presidential race.
admnitaion's daecision ustorl b ackene Clinton's chief of staff. "People are, "We will begin to get out informa-

adminstrato rulesiand end pref-bac realty angry about it, and incredu- tion on exactly who George W. Bush
workplace safety ruebn ndpe-lus ~that on decision alter decision he is and what so-called compassionate
erences granted to unionized compa- has jided with the special interests." conservatism is in terms of wrecking
nies in bidding for government-fi- TI e liberal advocacy groups say workers' rights and workplace pro-
nanced building ta programs. that Mr. Bush's actions have helped tections," Mr. Rosenthal said. "It's a

Environmentalit hv bitterly -thei raise money and recruit mem- great opportunity for us to define
protested Mr. Bushsdcso not to brEand that they have been able to George W. Bush."
seek limits on c .-f~mis-flo the White House and the offices
jion0s orotewssupranie- of lawmakers with messages from
na IMl~ agreement Seeking to limit their supporters.
clmimate chan e. and to undo new St ll, it is unclear whether the bib- .~ 0

lion arsenicindrinking water. eral~ groups will be able to harness -

Supporters of abortion rights were, the ~trong feelings among their sup-
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tech too 30 Politics foils objective U.N. Climate Change

welcome Re port .-- again

newsdeskBy: Kenneth Green, Director of Environmental Program, Reason Public Policy Institute

2M~ermnalOnce again, climate change is in the news, as the United Nations

envircnment Intergovernmental Panel on Climate Change (IPCC) has released a
"Summary for Policymakers" based on the-massive second volume

techcentral of its "Third Assessment Report" on climate change. rECH ENTKA
platforms SEARCH

where we IPCC Volume 2 picks up where the Volume 1 left off, asking howr ' 13

stand temperature increases predicted in Volume 1 might lead to climate

askiaesk.changes in the future. The new Volume 2 Summary (all that's been REGISTER
asklasmesnk released to diate) raises the specter of coastal inundation; violent ne nyu mi

weather; droughts; increased spread of mosquito-borne illnesses; ddress to receive

big shot crop failures; and more. regular updates:

ineiwIn fact, there is evidence that the Earth's atmosphere has been ~ 3if1
aboutnra heating up a bit for the past 150 years, and there is good reason for

teccenralpeople to be concerned about a changing climate -- so far as a

privacy changing climate can produce such extreme conditions -- delicate Download this playe
______ 

~~~~~~~~~~~~~~~~~~~~~~~n order to view

st~atement ecosystems, agriculture, transportation systems, coastal structures traigv deo'n

could face additional risk. udlo clips in

site map 
Realvdeo format.

tooilbox But for environmental policies to provide the best return on
investment, they have to be prioritized against all the other P

links environmental concerns facing individuals and society, and that

back to main prioritization requires scientifically rigorous risk characterization.
terminal Unfortunately, the 19-page Volume 2 Summary fails several tests of et Windows Media

scientific rigor, such as substantiating assumptions, using sound Payer?7 in order to

scarlett statistics to indicate certainty, and using meaningful peer-review, view streaming vide

letters Unlike the 1,000 page underlying report, the Summary was written nd audio clips in
indows Media Play

-statecraft by only a few governmental officials; was reviewed only by a small ormat.

selection of the original authors, and was not subject to expert
review,.'

E~earAhlpThe biggest failing of the Volume 2 Summary is its tendency to

exaggerate the scientific certainty of the predictions it makes.
Though specific words meant to convey certainty are paired with
numerical estimates of certainty (high confidence, for example, is

supposed to imply greater than 95 percent certainty), the

assignment of these "confidence" terms and numbers is an exercise

I of 3 
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in nearly pure subjectivity. Te Volume 2 Summary describes how
terms like "very high confide ce" are derived as follows: "In this
Summary for Policymakers, te following words have been used
where appropriate to indicat judgmental estimates of confidence
(based upon the collective ju igment of the authors using the
observational evidence, modeiing results, and theory that they have
examined...''

The Volume 2 also fails to ex )lain that its predictions are based on
highly criticized modeling of dubious worst-case scenarios. The
predictions made in the new eport are not based on independent
observation and extrapolatioe of real-world trends, but are based
upon an estimated range of prdicted warming from the Volume 1
report - a controversial and d ubious estimate that itself is based on
questionable assumptions from a third report. Even were it not for
these pre-existing problems, :he computer models used in the
Volume 2 effort are of questicdnable value. According to a Science
news brief from June 2000, J ~rry Mahlman, director of NOAA's
Geophysical Fluid Dynamics L~aboratory, observes that when regional
climate models such as those used in the new IPCC report try to
incorporate external factors skch as population and economic
growth rates, "the details of iture climate recede toward
unintelligibility." Climate mod eler Filippo Giorgi, of the Abdus Salam
International Center for Theo~etical Physics, observes that regional
climate models of the sort used by the WGII authors are of limited
value: "For the most part, the se sorts of models give a warning, but
they tend to give very differe t predictions, especially at the
regional level, and there's no way to say one should be believed
over another."

Finally, the Volume 2 Summary lumps all possible types and causes
of climate change together, whether it is of human origin, solar
origin; whether it is warming~ or whether it is cooling. But current
understanding in the mainstream scientific literature only ascribes
halt of the observed warming since the 1970s to human activity - a
critical distinction for policyma king. Without specifying how much of
which impacts are predicted t be of human origin, the Volume 2
Summary deprives policymak rs of information needed to determine
appropriate action.

While everyone is rightly con erned about prospective changes in
climate, the devil is in the deails. With finite resources available to
use in the human search for saey oe basic ranking of
investments is imperative to 6 uew get the best return on
investment. In the realm of clmate-change policy, such ranking
becomes impossible when poiicized portrayals of the state of
scientific knowledge are pase off as the best that science has to
offer. The latest IPCC report Summary continues a pattern of
publishing Summary reports ~hat distort more than they reveal, and
will misinform policymakers nore than it will inform them.

In formation Ion the IPCC repo} s can' be found at
(http://lwww. iptc.ch/).
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Transcribed Monday, February 12, 2001

alassman
tech topo30 Climate-Change Scientists Confront an

welcome Ancient Elephant
news desk y:Kennet Gree, Director of Environmental Program

Dress ermrinal Reason Public Policy Institute

environment Sometimes, reality enacts a great folkta le with stunning clarity.
That's what happened at a Rice University-James Baker Institute

techcentral conference on climate change a few months ago, when six reputable C CN A

platforms scientists brought the story of the blind men and the elephant to life SAC

where we in a spectacular fashion. ji.z]
stand

For those unfamiliar with the story of the six blind men asked to
ask lames k. identify an elephant, here's how it goes. A certain Raja called for six RGSE

alassman blind men and had them led to different parts of an elephant, asking Enter in your email

bi htthem to explain what an elephant is like. One man feels the address to receive

interview elephant's trunk, and says, "It's a giant snake." Another touches the rglrudts

elephant'Is flank, and says, "It's a wall." A third blind man touches a
about leg, and says, "It's a tree."f The other blind men pronounce that the

techcentral elephant is like a spear, a rope, or a fan, touching the elephant's

privacy tusk, or tail, or ear. In their dispute, the blind men take to railing at Download this playe

statement one another, to the Raja's great amusement. tnrdeaming videown
s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~udio clips in

it mi The climate change conference enactment of this folktale began RelVideo format.

toolbox when Dr. Theodor Landscheidt from the Schroeter Institute for
Research in Cycles of Solar Activity in Nova Scotia took the podium. flPayert

links Dr. Landscheidt put up many impressive charts, and argued that his REZ
research strongly suggests that the cause of the warming observed

back to main in the 20th Century was not greenhouse gases, but clearly results e idw ei

terminal from an increase in the output of radiation from the sun. Paert Windw orderat

scarle ~~~~~~~~~~~~~~~~~~~~~iew streaming vide

letters But immediately after Dr. Landscheidt finished, Dr. Judith Lean, a nd audio clips in

research physicist with the Naval Research Laboratory, presented indows Media Play

statecraf her most recent findings, arguing that whatever the cause of 20th rmt

Century warming was, it was not an increase in solar radiation. Dr.
Lean's charts suggested that net solar output simply hadn't changed
as much as the temperature had, and so changes in solar output

stgwardsihio could not be the sole cause of observed 20th Century warming.

Next on the podium was Dr. Willie Soon, an astrophysicist with
Harvard University. Dr. Soon showed many charts suggesting that
changes in the Earth's average temperature correlate with the

I of 3 
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frequency of sunspots. Dr. Soon's conclusion was that the likely
cause of 20th Century warming was not increased solar radiation,
but rather, was due to increa ed cosmic ray activity and its impacts
on cloud formation.

Shortly after Dr. Soon finished, however, Dr. James Kennett with
the University of California at Santa Barbara presented his findings.
Dr. Kennett's research led him to argue that the cause of 20th
Century warming was not sol r radiation, nor cosmic rays, nor the
traditional greenhouse gas such as carbon dioxide, but was due
largely to the release of meth~ine from deep-ocean pockets of
methane hydrate.

Finally, Dr. Thomas Crowley of Texas A&M University took the
podium with equally impressiy charts and argued that his research
strongly suggested that the w~arming of the 20th Century could
indeed be blamed on the trad ~tional greenhouse gases, carbon
dioxide, methane, chlorofluordcrbons, and the like.

But Dr. Crowley's claims wer clearly at odds with those made on
the previous day by Dr. James Hansen, sometimes called the Father
of Climate Change. Dr. Hanse5, whose congressional testimony in
the 1980s galvanized political interest in climate change, argued
that the main cause of 20th Century warming was not the traditional
greenhouse gases, as he'd arcdued for nearly 20 years. Rather, Dr.
Hansen suggested that his latest research, indicates that the cause
of observed 20th Century warning is actually soot and other urban
air pollutants, including methane.

It goes without saying that thse six credible, reputable scientists,
who all subject their work to scentific peer-review and publication,
can't be equally right. It's alc bvious that the policy prescriptions
that would flow from believn any one of them to be right would do
little to produce a positive ou~me should any of the others turn
out to be correct instead.

Advocates of rapid action on c imate change like to portray the
science as a done deal, and suggest that scientific understanding of
climate change is sufficient to guide policy action. But a Western
version of the elephant folktale better characterizes the situation. As
poet Geoffrey Saxe explains: 0, oft in theologic wars, the
disputants, I ween, tread on ii utter ignorance, of what each other
mean, and prate about the elephant, not one of them has seen!"

archives w.
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Publications Every -five years, the Intergovernmental ae nCiaeCag ulse

Links a E massive repbrt on-global climate change. TheseA "sesment Reports"'

11become the' dentratouchstofle of the debate everciaecaglyn~

Hot Topics out al d~oflsensus version of what iskonIhti tl netiadhw

_rEfsvaiusations mighto Mih o ause changes ini ltr clmte
F~~~gs ~conditions'.",

Books

Media Center The last such publication was the IPCC's "'Second Assessment Rpr

iNews Releases (SAR),"published in 1995. The 1995 SAR arue~d that the arth's climatiei~

Contacft iwas changing in ways that seemied unlikely tobeof non-hutman, origin, and-

that the w4r6ight'f evidence suggested a "discernable" human impact upon-

?aOZNI ithe climiate. Predicted future temperatures in the SAR rangedi from 1 ?C to,

114PPI Alert a 3.5 0C (1J.8 0F to 6.5 0F) degrees cetgrade~by 2 100, and sea level

Othe We sies:increases of 1 5 to 95 cm in the same timeframe.

New
Env~~nmntal~m he 195 epor isabout to be supanted by the IPCC ",Third Assessment

Pr,vatizaton oro Report, or TAR, to be published early in 200 1. The first volume of the

Ur11banfutures org TAR, the 'product of IPCC's Working Gtoup I (WGl) reviews the massive

Resn Foundation bdofcimate 6hanige literzatuire, and attempts to presetacnessve

Reaso Magzine of the current understanding of climate change. This report. was reviewed-

by a panel of experts in late 1999, was 'subsequently reviewed by.~

governmental entities, was revised according to feedback, and is now

D~~y iundergoing "final government review." ,After a last round of revisions

We apprciate based on the final government review (which, theoretically will not alter

any feedback 2any of the scieintific conclusions of the report as it emerged from expert'
about our web reIewteTRwl epublished in early 2001.
site. Thank you!

When the IPCC publishes a new major report, it also publishes a derivative,

document called the "Summary for Policymakers" (or Summary). These'

summaries attempt to condense the contents of the IPCC' s full Assessment,

Repo'rt and express findings in a language suitable for moderately educated

'readers.
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Less than two weeks before the U.S. Presidential elections, copies of the
draft Summary for Policy'rmakers based on the Third Assessment Report:,,

iwere leaked tothe Associated Press and other media commentators. The'
draft Summary became ani~nstant issue in the election.

Workingflrdm more extrem 'worst-case' estimates thanprvosIC

reors the Summary'sugg'ests a higher range of potential wmigb
2 100, and higher sea-level Pise, as well.,Global average temperature in the
new Summary is modeled tkincrease from 1ES to 6.0 degrees Centigrade
by 2100 (2.7 to 10.4 degi~ Fahrenhet). Predicted sea-level increases
under the new scenarios rag rm1 oO cm by 2100. . ..

But media cove~~~~~~~~~~~~~~~ ~~~~~~~rage of teSmaylcscontextual information neede

to allow people to decie 1htrterpotwas credible. The genesis .of,-,
the Sumimary was not ex1iean h fndings were not put in contexts'
with Legard to either tepviuassmntreport, or the main body, of,
the more icientifically~igos n mr crful qualified Third
Assessment Report.

Clim ate change is a conce wrthy 'of serious attention, and the beSt
Iquality scientific research thumanfity can muster: it~isan-isslue of-geat
complexity, in which fine tietails of interpretation, and underlying
assumptions are indispensable if sound policy is to be derived from sounidl-
use of scientific infonnatioL

The purpose of this document is to add some context and balance to th6
discussion, and to correctvsome 'of the mistaken impressions that recent
news coverage of the Ieae IPCC draft Summary for Policyrnakers may
have created.

1. Predictions ofurec gsrest upon speculative scenarios that,-,-,
were not reviewed by tee iclreviewers of the main repoirt.,,

IThe claims regarding the p~eiaices nglobal avenage temnperatures',
and sea: levels in the year 210 'r.aeduo scenarios" about the fixture~
that enfold a panoply of asmtosbutgobal development patterns,,
population growth,.6energy mucs cnmcdevelopment, technological
change, and so on:.

*It is the addition of moepessimistic scenarios to those used 'in
previous IPCC reports that produces greater estimated future

tcpeatremore than• changes in understanding of past or present
blimate prbtesses, o 1theoretical understanding of the relationship"
between human acti-,ity and climate;

Future temperature anrd sea-level predictions are not modeled vti
state-of-the-art comriputer models, but use "simple" computer models~
-that are,"calibrated"to the more accurate models. No mention is
made of the fact that 'uhsimple models imitate their high-powered'
cousins poorly; have many well-known weaknesses that make them>,
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of limited use; and aeof limited reliability even for modeling

current climate wrends;
' Only the Summary of the report delineating'scenario assumption's is'

ciurrently available for download which limits analysis, but the new ~

"worst case" scenario assumes that:
o There are no mid-course programs implemented between nlow~

7-and 2l00;`

¾ population peaks at 8.7 billion in 2050, and declines to 7
billionbY 2100;

oGlobal deforestation is not abated;
aThe developing world will reach similar levels of development

as develojed countries;
o World GDP will increase 10 times by 2100;

o Most energy production will be fromncarbon-based fuels;,,,~-,,

a Carbon dioxide emissions willnearly quadruple by 2100;,

oMethane emissions Will more than double by 2 100;

o Carbon monoxide emissions will nearly triple. by 2 100;'

i ~~~~~~o Volatile organic carbon em issions will nearly triple by 2100;:

and
o Fluorocarbon levels will rise dramatically by 2100, in sqme <.,

'casesly two orders of magnitude. ~

*Teasumptions used in these' Vscenarios" were' only published in the

Spring of 2000, mnore than six months after the actual "expert-""~,'-1~

review" cycle was completed; and ~

*Economic and populto paaeesare not published asproth

peer-reviewed Third Assessment Report, and must be retrieved fromi

aohrreport. This makes simultaneous -comparison difficult for*

experts with access to the ftil reports, and nearly impossible fdrm,

others xho have only the Summary.

2. The Summary for Policymakers presents findings devoid of vital

contextual information.

Whndiscussn the findings of how the Earth's climate haschne in

recent years, the'Surruary for Policymakers presents hard evidence .....

iregarding temrperaiture readings,-rain measurements, 'snow measurements,

and soonButhSumr presents this'information without vitally,

impotan cotexualandqualifying information found in the body of the

l PCC repot

-increases in temperature are presented without pointing out that:

o- The majority of physically observed warming since 1860'

i ~~happened from 1910-1945, and the majority of that early

warming is attributed to non-human climate forces in the body
of the report;

o The warmirig observed since 1860 was not continuous, but

happenedmin two bursts;
p -Twice as much of the obsenved warming since 1860 appears as

warming of nighttime low temperatures in the coldest parts ofi

the Earth, rather than increases of daytime highs in the warmer
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parts of the Erh
oThe difference between ground-level temperature readings and

high-altitude readings from balloons and satellites reveals a
critical ~weakn ss of the climate models used to predict fuiture-
impacts disc sed later in the Summary; and

based on disptdclimate reconstructions rather than observed
,data. No mnion is made that evidence documents sharper~
temperature shits in the climate record from before humans

exsed, sugge tnthat recent changes could be of non-human

Decreasesim global ice extent (glaciers, icebergs, etc) and snowfall
trends are presented without explaining that:

o Measurements of historical snow depth and extent are
extremely limited;

o Glaciers in some regions are growing, not shrinking;
o Reductions in 'snow and ice are not happening inI the seasons

5where increased warmth has actually been observed;
oEstimates of Artic sea ie thickness show a wide range, from"

lto 4 centimeters of srnkage per year because the samplings
of evidence is too small tocbe concluIve ad

o Antarctic se;a iehas been stable or shows what seems to'be a,
slight increase in extent since the 1970s.

*Evidence of sea virse of 0.lI to 0.2 meters during the 2&0'
~Century is presented wtotreference to the fact that:

o Sea level hsberingfor nearly 20,000 years, by about 120
meters sinc teltglacial maximum;

o The rate o e ee rise is not steady, but fluctuates;
oSea levlrsi not speed up during the 20 th C~entury, though
theoreialglobal average temperatures were increasing; and

o While sea le~ve' rose between one-tenth and two-tenthscof a
meter during the 20th Century, the body of the report attributes
only two-huindkcedths to six-hundredths of a meter to human
activity from 11910 to 1 990.,

* h cam nha uman 'activities "continue to alter the atmosphere in
ways that affect the climate system" is made without mentioning
that: K

o This conclusion unlike those regarding actual climate
changes, are pu~rely based on still-developing theories and

* highly uncertai computer modeling, not on any measurable
cause-and-effec relationship between any particular activity
and global cliae

o Greenhousgse- including both carbon dioxide and methane
rose and fell aogwtglblaverage temperatures before
human being eraoudto influence their concentrations;
At least two of these human activities expected to contribute to
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-greater warming in the future are pollution reduction

- ~~initiatives to reduce sulfuir-aerosols', and to eliminate the ueo

ozone-de trying chloroflu~orocarbols;
a While computer models agree'that human activities have some

'role in observed 20~ Century warmingindvda oesgv

very different estimiates for the extent of the human role;

oUncertainties are still lhrg in key modeling areas that

underpin the entire claim of humajicausality in observed,

-.canges. These uncertainties in volve the role of water vapor,.

dloud formation, and aerosol imnpacts in climate reuation.,

13. The leaked "Summary for Policymnakers" is not peer-reviewedkthe

iauthor is anonymous,, the document is created 'independently of the 2

actual Assessment Report, and the'Summnary is so short that issues area

I overl simplified.

'.Unlike the main body of the IPCC Third Assesment Report which,

re~presenits an herculean effort to assess the curent state of,

knowledge abou t climate change, and which speaks with great

credibility because of extensive: peer-review, the leaked Summaryfo

Policymakers is'not reviewed by the matin body o~f IPCC ervper4s and

thus lacks the credibility of the technical reporls they claim to. :

"surniarize.
*: The author of the jummiary is not identified, and there is n

explanation of the process that generated the Summary, nor specifies

whether it was or was not reviewed by the main authors, contributing

Authors, or expert reviewers tha vetted the body of the Third

Assessrnentreport'
The Summary for Policymnakers is 12 pages long, and theoretically'

summarizes the Working Group I report (which) is over 1 000 pages

long as well as parts ofthe not-yet-finalized Working Group II

t ~~~reportwhich willlprobably be overI1000pages.,

SUMMIARY:-

INews coverage of the recently leaked "Sununar5 for Policyrnakers" from

the pending Third Assessment Report of the Intergovernmental Panel on

Climate Change lacks information vital to putting the leaked document in,

meaningful perspective.

ISpecifically, the leaked report:

*Does not explain that increases in predicted fixture temperatures from

-the last IPCC report are due to added worst-case scenarios generated,

outside the careful, peer-reviewed publication proc.ess of the Third

Assessment Report rather than changes in gathertd ,vidence or,

empirically documented trends in climate, energy use, or greenhous6

* '~gas production;
*Does not spell out how extreme the worst-case scenarios are,

Does not explain that predictions of future climate were generated.
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not with state-of-the-r models, but with simple climate models that
cannot reliably reproduce known temperature changes of recent?
years.

*Does not poietecnxuaizn iniforaion needed to
accuratly conuni~a&what scientists have learned about past

climae chnges curent climiate function, or future clifiate j>.o

11.Doesnot mention thait observed climate changes are only partially,-
due to human activt;an

*Was not peer-reviewd bythe same ex'perts who reviewed the'
-technical reports froAm which it is ostensibly extracted.

The forthcoming Third Assesent Report of the IntergovernmentalI Panel;
ion Climate Change w~il'seive as the central touichston'eof climate chaixge,,"
debate for the next five yeakrs. Climate change is a serious and imiportant> ̀ -,
subject, and concerns aboui tapid changes in'climnate - whatever thecae

imight be - should not be treated lightly. Accuracy in the'un'de~rstanding of,~
the underlying science is e4ually critical, and should no't be mnisrepresenite'd
or politicized by partisans dfany particular control approach.,

Activities which weaken tecredibility of theTAR impede not only the
search for knowledge,,but ih~r getrdivisiveness in the debate oe
whether the report represes a scetfcconsensus, or is a documents
biased by political forces' oi1itside of the scientific process of disdovery.",

lThe leak of the Su'mmary report ofthe IPCC Thid Assessmient Report ma
be seen, by some, as a way L)f creating a short-term ripple in'the political'

landcap oftheUnitedStaes Presidential campin .Bti heontrm
I this leak can only harm teachfibra consensus statement of knowl~dge,'
and the search for appiopriit responses to the riskA posed by climate <
Ichange.

Related Publications:

Plain English Guide 3:E Exlorihe the Science~ of Climate Chance
Questions People Ask About Cli'mate Change
Climate Change Policy Options and Impacts: Perspectives on Risk,
Reduction, Emissions Trading, and Carbon Taxes

'Evaluating the Kvoto ADp ahto Climate Change

Dr. Kenneth Green is Die or of the Environmental Program at Reason
©The Reason Foundatibn All rights reserved.

Please contact George Passantino at 310-391-2245 i~ you have questions about the Reason Foundation.

3415 S. Sepulveda Blvd., Suite 400
Los Angeles) CA 90034

(310) 391-2245
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Media outlets are reporting that the United Nations Intergovernmena

Hot Topics anel on Climate Change (IPCC) has released a new report suggesting

E-briefs that the Earth's atmosphere Is likely to warm fse hnpeiul

I FA~s prdicted. Blame for this predicted warming is lId imya h eto

Books 1humnanity, attributed to the release of potentially heat-trapping

Media enter "greenhouse" gases into the atmosphere.

INews Releases IuthreotapoeinSngiisnot "new"-it is the same report

Contac thtwslaeduighercent presidential elections. Only the wording

3101N1 was changed from the version leaked atya h rdcin r h

V OZNI"Aet 1same.

Other W~eb sites, lUnfortunately, media reporting is failing to cover impo~'rtant information

New 1within the underlying technical report, and are taking pAiiticized

",summary" documents and press releases at face vaht- While

Prva~t 1 zatlo0n__ora emphasizing the dramatic predictions of future warminadse-vl

urnfutures l !rise, many reports entirely fail to explain where these predictions come

Reason Foundation ifrom, oi how credible they are.

Li. While many reports trumpet the scary predictions of extreme warming

by 2100, they often fail to explain that the temperatures increases

¶11 itpr edicted in the report (and accompanying rises in sea level) are not based

IWe appreciate ion observed trends in temperature or sea level at all, and were not the

~any fedback product of the most modem computerized climate models. Rather,
about our web ,
isite. Thank you! Speculative (and in some cases, extremely pessimistic) scenarios about the

future were run through simple computer models with known flaws.

2. Though the "science of climate change" is portrayed as being

lincreasingly settled, few media reports explain the many radical changes

that have occurred only in the pa:4~ four years, since publication of the

ISecond Assessment Report in 19%. The Third Assessment Report
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i !~~~contains changes from the previous report that show dramatic and
continuing change in the fundaenalunderstanding of climate processes.
Aerosols, discounted as a glba cooling force only a few years ago was
Ifirst acknowledged to be a poetclimate forcing, then discounted due to
reducing aerosol levl -alin a few years. The same rapid changes in
understanding holdtufo most warming or cooling forces, including
solar output, dark particulate "soot," methanle compounds,
chlorofluorocarbons, and so on. With papers battling back and forth every
jweek in journals like science and nature, portraying climate science as
either settled or a "done dea " is clearly misleading.

3. The new IPCC Third Assessment Report is portrayed as the result of a
scienii process of discovr by highly esteemed scientists, but media

rprsdo not explain the extnive political involvement that takes place
ftall stages of report generajion, from conception of the outline, to

recuitngof the lead author. by governmental representatives, to review
F ~~~~and approval of final langua Ye by governmental representatives. While theunderlying 1,000-page report is full of caveats and the cautious prose of

scientists and probably does come closest to being a scientific
"consensus" document abou how the climate works, summaries derived

[from the full report omit vital contextual information and often fail to
reflect the uncertainties discussed in the report they purport to summarize.

13. While many media report quotes ranking members of the IPCC who
Isuggest that certainty has imrvdover time in both predicted climate
changes and attribution of hidman cause, many reports fail to explain that
Ithe models used in making pfedictions, and the futuristic "scenarios" still

jcnanmany questionable assumptions about how the climate works, and
about what the future will look like. Nor is it made clear that the
"scenarios" were not reviewed by the full panel of experts that give the
underlying "science"' report its credibility. Questionable assumptions fromthe worst-case scenario that produced the high-end predictions for
temperature and sea-level rise include:

*No mid-course progrm will be implemented between now and
2100, even in the face bfwhat are predicted to beextreme climate
changes;

*Global deforestation is not abated;
*The developing world 11l reach similar levels of development as

developed countries;
F * ~~~~~World GDP will increae 10 times by 2 100;

*Most energy production will be from carbon-based fuels, with
limited technology growh

F*Carbon dioxide emissi~n will nearly quadruple by 2 100;
*Methane emissions wil I more than double by 2100;
*Carbon monoxide emissions will nearly triple by 21 00;
*Volatile organic carbon emissions will nearly triple by 21 00; and
*Fluorocarbon levels will rise dramatically by 21 00, in some cases

by two orders of magnitude.
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jClimate change will continue to be an important environmental issue for

!decades to come, and proposed policy responses could have significant

limpacts on national economies, technological development, and

jindividual lifestyles. People are naturally concerned about threats of

possibly radical env ironmental change and the IPCC reports, which

1constitute the common 'touchstone' of debate over climate change are too

jimportant to be so badly mischaracterized through politicized summaries

lad simplistic media reporting.

IAelated Publications

*E.-brief105: Mopping upAfter aLeak: Sett in the Record Straih

Change (IPCC)

* Mopping up After aLeak: Setting thieRecord Straight onthe".Nw

i Findings of the I ~gvenelal Panel on Climate Change (IPCC

*Plain En lish Guide 3: Explorina th Science of Climate Change

* Clmate Chane Poicy ptios an Imacts: Perspec~tives on ~Risk

lDr. Kenneth Green is Director of the Environmental Program at Reason

JPublic Policy Institute

©The Reason Foundation. All ~rights reser~ved.Please commntact Geo~re Pasnt i lat 31- 391-~2245 if ~you have

questions about the Reason Foundation.

3415 S. Sepulveda Blvd., Suite 400 Los Angeles, CA 90034 (310) 391-2245
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Impact of Climate Change on Human Health Remains 'Highly
Uncertain'

This page is
maintained by theNational Academies' WSHINGTON -- Even though it is understood that changes in climateOffice of News and and weather may factor into some disease outbreaks, it is not yetPublic information possible to determine whether global warming will actually cause

Craig Hicks diseases to spread, says new report from the National Academies'Internet editor National Research Council. While some studies have shown anassociation between short-term climate variability, such as that causedTom Roberts by El Nina, and a higher in'idence of certain illnesses, numerous otherAssociate Internet factors must be considered to fully account for the spread of infectiouseditor diseases, said the commitie that wrote the report.
Shelley Solheim
online producer "The potential exists for scientists one day to be able to predict theimpact of global climate change on disease, but that day is not yet here,"Contact us by e-mail said committee chair Donald Burke, professor of international health and

nt~s~naedu epidemiology, Johns Hopkn School of Public Health, Baltimore. "Tohelp scientists and policy-i aers gain a better understanding, ourcommittee recommends strong support from the federal government forinterdisciplinary efforts to a'nalyze climate-disease relationships. Thecritical capabilities that mutt be strengthened and brought togetherinclude epidemiological sur'veillance, field ecology, computer modelingand simulation, and evaluation of public health interventions.'

Since the time of Hippocrates, scientists have understood that weathercan influence where and when some epidemics occur. For instance,mosquito-borne diseases s~ch as dengue, malaria, and yellow fever aregenerally associated with \&arm weather, while influenza epidemicsusually occur during cold weather, and outbreaks of intestinal illnessescaused by cryptosporidiosis are linked to heavy rainfall. In recent years,as research has confirmed ~the likelihood of a long-term global warmingtrend, questions have been~ posed as to what effect this might have oninfectious disease patterns around the world, prompting numerousstudies of climate-disease lInkages.

Some of these studies have shown that climate variation from oneseason or year to the next d an affect the life cycle of many pathogensand disease-carrying insect3, potentially affecting the timing and intensityof disease outbreaks. A number of computer models have beendeveloped as well to simula~ the effects of climate change on diseaseincidence, but estimates of ihe extent to which diseases will potentiallyspread have varied signific ntly among some of the models. In addition,
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observational and Modeling studies generally are not able to consider
complex social factors -- such as sanitation and public health services,
population density, and travel patterns -- that also play important roles in

disease dynamics. Because of this, the results of such studies must be

interpreted with caution, especially when used to develop scenarios of
the potential health effects of future climate change, the committee said.

Indeed, the highly uncertain impact of long-term climate change on the

spread of disease and on the evolution and emergence of new
pathogens stems largely from the confounding influences of human
behavioral adaptations and public health interventions. For instance,
basic public health protections such as adequate housing and sanitation,

as well as the availability of vaccines and drugs, can limit the geographic
distribution of diseases regardless of climate. One example of this is

along the border between the United States and Mexico, where dengue
fever outbreaks are common just south of the Rio Grande river in

Mexico, but are rarely seen in neighboring regions just north of the river

in the United States, mainly because of differences in socio-ecoflomic
conditions.

The report also notes that there are potential pitfalls in extrapolating-
climate and disease relationships from one time scale to another. For
example, the ecological effects of short-term climate events, such as El

Niflo, may be significantly different from the ecological effects and social
adaptations expected under long-term climate change.

Research to understand the relationship between climate and infectious
disease is in its infancy and needs to be strengthened, the committee
said. Interdisciplinary research centers should be established to foster

collaboration between scientists in fields such as epidemiology,
climatology, and ecology. And federal health agencies such as the

Centers for Disease Control and Prevention and the National Institute of

Allergy and Infectious Disease should become actively involved in the

U.S. Global Change Research Program, an organization that coordinates
climate research among federal agencies.

Recent technological advances, such as gene-sequencing techniques
for studying the molecular biology of disease-causing pathogens and

satellite-based remote sensing of ecological conditions, should be used
to aid research efforts, the committee added. In addition, to overcome

the existing lack of high-quality epidemiological data for most diseases, a

concerted global effort should be made to collect long-term disease
surveillance information, along with the appropriate meteorological and

ecological observations, and store it in centralized, accessible
databases.

As the potential linkages between climate and disease become better

understood, it may be possible to provide early warnings to help prevent
disease outbreaks, the committee said. To do this, climate forecasts will
have to be complemented by ongoing meteorological, ecological, and

epidemiological surveillance systems. Together, this information could

be used to issue a "watch" for regions at risk and subsequent "warnings"
as surveillance data confirm earlier projections.

The committee emphasized, however, that early warning systems should

not take the place of proven public health measures since there will

always be some element of unpredictability in climate variations and
disease outbreaks. Officials should continue to place a high priority on

reducing people's overall vulnerability to infectious disease through
vaccination programs, mosquito-control efforts, and water-treatment
systems, it said.
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"THE ISSUE OF GLOBAL
CLIMATE OHANtIE AND
THE POTENTIAL OF
GLOBAL WARMIG.
DESERVE A SPECIL
APPROACH AND WAY OF
THINKING ABOU THEM-
ONE THAT STARTS FROM
A PERSPECTIVE OF

Reprntm of an addresSTANDING OUTSIDEongoa mtecae

THE WORLD." t he Spring A4e eting of

Washington, D. C..

NMarch 6, J9QS.
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ow 1 THINK AbO3UT THE ISSUE O)F GLOBAL CLIMATE CHANGE

is significantly influenced by the ten years that I spent in the

Executive office of the President.

What I intend by that is this; I think there are Certain issues that are

differenit-issues that transcend individual companies and indwida

industries and individual countries. There ar toharisetaspcl

level of consideration and concern. One is nuclear holocaust and the

danger of renegade states ha-ving available to them nuclear weapons of

mass destruction.The second is environmentlut specifically, the issue of

global climate change and the potential of global warming. These jssues

deserve a special approach and way of thinking about them-one th at

star-ts from a perspective of standing outside the world.

Why do I say this is affected by the ten years that I spent in the

Executive Office of the President?

For somne of you who live in this town, you knIow qonaethiug abouit the

Office of Manragement and Budget and what it is now, and some of voue

will know what it was in the past. In the tinec that I was there, I felt mny

responsibility was to make sure that the 1President of the United States-
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"THE QUESTION IS:
IF YOU WERE THE PRESIDENT,
AND YOU WERE PRESENTED
WITH SOME FACTS THAT
SUGGESTED-OUR BIOSPHERE
MIGHT BE IN DhNGER,
WHAT WOULD YU DO?"
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and I served under Keninedy, Johnson, Nixon and Ford-had, in front

of him, [or every issue that lie had to deal with, the best in~formlation

that the mind of man could distill.

Our job was the fact side. It was up to others to spoon in the political

considerations which we, from our objective, rationalist, fact-based. per-

spective, abhorred. We couldn't understand why anybody wouldn't just

simply do what the facts said was the right thing. I tell you all of that

to help you understand the cast of mind that I bring to this proposition.

The question is: if you were the President, and you were presented

with some facts that suggested our biosphere Tmight be in danger, what

,would you do?

Defining othe 2s swoz
To begin, I think you would ask, what are the facts? What do we know?

On. this issue we know one thing for sure.We know, -without dispute, that

die people of the world have been), emitting so-called "greenhouse gases,"

miost importantly carbon dioxide, into the atmosphere as we have devel-

oped our world economny to a point that concentration levels of green-

house gases over the last hundred years have hicreased very substantially.

There is no doubt that there are mnuch higher levels of C0., in the

atmrosphere than existed a hundred years ago. lt's also not disputable that

CO-, has a half-ife of about one hundred years. This means that of the

emissions we put in the atmosphere today, in the year 2098, 50% of theni
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will still be there. For those of you x o are mathematically inclined.

yo'll understand that this rnean 4 aeagoig level of concentra-

dions, and they're building uip if we Jntdo anvthing. There is no doubt

about this issue.

There is another fact We can poaly be sure about. The world's average

temperature has increased maybe a alf a degree over the last hundred

yearsn. Now, I. say maybe we know i.But in a long-run analysis, we can't

be sure.

Now, after we say those two things we don't know much more that we

can really call a fact. That may be surprise to you, because some of you Wge

m-ay have seen comments. made bysome of our political leaders about

storm-s in South Dakota and California beinig related to global climate

change. I'm here to tell you, as one who investigates everything I can

look at and read from academidc jo Iirnals, I don't think you can make

those ties; I don't think there is a sIcientist who can say, "One plus one

equals two, and here's a direct cause and effect relationship."

And so, I'm concerned that what we have are what I Would call one

and a half facts, and then we have conjectuire, speculation, theory. T hat is

not to say we should just dismiss it out of band, but I think it's important

to know what you do know and ~o be very clear about what you don't

know in these issues, because if you're wrong, as distinguished from most

th~ings that we as humnan beings deaLI \with, you don't get a second Chance.

41.
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"IT'S IMPOR1TANT TO KNOW
WHAT YOU DO KNOW AND TO
BE VERY CLEAR ABOUT WHAT-
YOU DON'T KNOW IN THESE
ISSUES, BECAUSE IF YOU'RE
WRONG ... YOU DON'T GET
A SECOND CHANCES"1

Af you get welfare reform wrong, you get a second chance. Now, I1 have
to say, even in social policy areas w-here we theorize and speculate and
intervene, when we get it, wrong, lots of individuals may suffer as a
con~sequence. But civilizatio n doesn't go down the drain. Regimes and
politicians and the rest of us get second chances to deal with most of
these things. For these two issues-nuclear holocaust and global climate
change-we may not get a second chance. So I think we shouldn't
dismiss the climate question- out of hand. We should pay a lot of
attention to it.

IThe 0 e a mt[~ -etL
Thinking about this issue the way those of you who are in the business
conmmunity wvould chink about an issue, you would make an inclusive
analysis of the subject. In doing that, one ofthe firit thinsp you would

)L
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"YOU'VE NOT HERD ANYTHING
FROM ANY MAJ6R POLITICIAN
ABOUT A POPUUITION QUESTION
RELATED TO THIS. WHY NOT?
irs A NASTY ISSUE.
NOBODY WANTSO1 TALK "ABOUT
HOW WE KEEP PPULATION
FROM BECOMiIIGLTHE
MAJOR DRIVER OF ENERGY
CONSUMPTION AND EMISSIONS."
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encounter is this simple fact: human beings are major consuimers of ener-
gy, and the better we are at economic development and the miore highly
developed we become,. die more energy we use and the more emissions
we put into the atmosphere. Now, why is that important
It'% important because it says energy consumption and emissions are
a function ofpopulation.

Today; we've got six-plus billion people in the world. And if you look at
the models ohi which a lot of the conjecture, speculation arid theory are
based, they assumne that in one hundred 'years xwe're go'iTg to have 1 1-
plus billion people in the wodld. Now. again, as a rationalist, you don't
just assume that that's the way it's going to be and we have to accept it,

-~~~ at least not if you're interested in dealing with all of the possible ways
that you rnighc Cope with a problemn of a global climate change and the
prospect of global warming.

You've not heard anything fr-om any major politician about a population
question related to this. Why not? It's a nasty issue. Nobody wvants to
talk about how we keep population 5amr becoming the major driver of
energy consumrption and enissions. Ahd I say this to you because if you
just sweep that issue away, you've swept away a tnajor potential contribu-
tor to helping contain the global climate change problem.
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The nex plc.og ihti su is to the question of how uc

concentration of atmospheric gases wecan stand. Interestingly enough,

the President, in the program that h~laid down 'over the last several

mronths, has asked the National Academy of Sciences'in Washington

to develop an analysis and a positon that we can all use to addressti

question of how much concentrati n of grases we can stand. To me, it's

a very important question. I ani eyglad the lPresident has asked the

National Academy to do this.

Bunt if you think about the logic of it, if you don't know what acceptable

levels of concentration should be, how do you kno-w what the targets

for cmlission reduction should be? Wltefact that we don't know the

concentration levels didn't have an matat all on what happened at 2

the Global Climate Conference in Kyoto. -

There, the developed nationsi the treaty that they laid dowrn, agreed

country by country how mnuch eission reduction should take place mn

the period between the years 200 anid 2012. And so, there is the

prospect of 2 comimitmient of the developed natons, inicluding our own,

to targets that are very specific and very precise in teris, of what emnis-

sions would be permitted. anid yet we don't know what the acceptable

levels of concentration are; and I would say to you that this really puts

the lie' to the. Io6TIo that we know what we're doing.
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"IN KYVOTOD.. .THE D)EVELOPED NATIONS AGREED...
.10 TARGETS THAT ARE VERY SPECIFIC AND VERY
PRECISE IN TERMS OF WHAT EMISSIONS WOULD BE
PERMITTED, AND YET WE DONT KNOW WHAT THE
ACCEPTABLE LEVELS OF CONCENTRATION ARE."1

What we got in Kyoto, by my reckoning, was a political accomnmodation,
and let mue say to you fromn a polidical point of view% one might argue
that we have proceeded brilliantly. We've satisfied-ahthough, for the
people who are far out on this issue, there is no satisfaction short of stop-
ping ecorionlic. activity altoge ther and stopping ener gy consumption
completely-but with that parenthetical, I would say -we've accoxnro-
dated those whbd are most concerned about this issue by establishing
targets that are very aggressive; I think; and for those who think we don't
know enough yet, we've given themn satisfaction because there's no bite
in any 6f this -until 2008, if then.

So what was done in Kyoto has taken the issue off the front burner.

9)
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I believe a real danger to civilization is that, as a consequence of this

"brilliant" political. process, we don't do anything for ten years.That

would not be a good idea, in my Judgment, because I do think that

global climate change may be a subsLntial issue that we need to deal

with, and we should do it now.

Last August, I was invited to a meeting with the President and the Vice

President and Bob Rubin, Secretar of the Treasury, and Janet Yellen,

Chair of the Council of Economnic Adisors, and the important people

in the Adinfistrationl working on thsissue of global. climate chanige.

There were ten industrialists there an bwad the usual meeting you

have in the Cabinet Room. We w tarud the table and everybody

said what they had to say about these issues, and I said to the President

and the Vice President, even more sharply than.u Ivye said to you, these

same things. On the wax' out the President said, "If you have other

thoughts and ideas, write ine -a note:' So I did.

And what I said to him is something I continue to believe is correct.

Number one, isues such as this one should not be dealt with in the

usual political way. What do I miean by that? If you look at the way we

deal with important, substantiv isse, it~s very hard to distinguW-h from

h-ow we sell soap powder and ceal Which is to say, political leadership

more and mnore doesn't accept dti burden of educating. They proceed

on a basis of indoctrination.

10~~~~~~~~~~~~
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"I BELIEVE A REAL DANGER
TO CIVILIZATION IS THAT,
AS A CONSEQUENCE IOF THIS
'BRILLIANT' POLITICAL PROCESS,
WE DON'T DO ANYTHING, FOR
TEN YEARS. THAT WOULD NOT
BE A GOOD ~IDEA.",

it
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"ONE OF THE THINGS THAT
DISTINGUISHES THIS ISSUE
OF GLOBAL CLIMATE
CHANGES...IS THAT IT
IS A SUBJECT THAT CAN BE
ADDRESSED FROM A HARD
SCIENCE PERSPECTIVE-
NOT POLITICAL SCIENCE."7

I believe this issue is so iniportant tt political leade~rship should edu-

cate, And by "educate" I mean tall tepeople whiat we do know-and also __

tell them what we don't know. Doing sov wduld es runiuhtpol

would say, "This moust really be a seiu ~;issue,11 the President is telling us

things of uncertainty, that maybe tee are things we don't know, and

treating us Eike mature adults." That Would certainiy be novel.

First of all, the President could do a great good thing for this society by

telling us the unvarnished truth about What we know and what we don't

know, about the dangers of not diganything for the next ten years.

We should then proceed as inteign citizenls and, in our own spheres

of activity, to look for -way's that wecan make a contributioti to energ y

conservaflon and ermision reductibn, without the overhanging threat of a

government pounding us -in to submssion or bribing us to do things that

we ought to do anyway.
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do is, first of all, z,;.,, tascientific body-I nominated the National
Academy of SclienCcfs (another place would be the Heinz Center for Sci-
ence, Economics and the Environment) -the task of doing a primter for
the Amierican, people:' The primer -would do a much more thorough job
than what I've tried to do for you this morning in laying down, in clear,
lay termis, what we, know and what we don't kn ow, clearly differentiating
between facts and theory-and speculation and conjlecture-so that
everyone has the same starting set of facts and uncertainties to work with.

As I have said, in lots, of things that political systems deal with, the
propositions are arguable. How do you reduce the potential and the real-
ity of drug abuse and drug addiction? The subject is 'wrapped up with
comple~x issues of genetics and human behavior and social environmental
considerations-really~ arguable propositions, One of the things that
distinguishes this issue of global climate change and the prospect of
global warmi~ng is that, to a significant degree, it is a subject that can be
addressed from a hard science perspectivei-not political science. Paren-
thetically; some of what I've seen from hard scientists on this subject
is amazing, because they are practicing political scienc&6! not basic,
fundamental science.

13
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cn en 'r 3ZK,

In any event, the first proposition fo rne is to get the facts stra ight. Let's

know what we know and clearly id -dfy what we don't know, and then

I would urge the National A cade 4 of Sciences to laY out verv carefully

those thidngs that we don't kntow tha could be clarified by a Manhattan

Project level of intensive investmnen and massing of resources in order to

reduce the uncertainties about the lonnection between concentrations of

atm'ospheric gases and the dangers o global warmningy. There are a

host of them-

Some of you who followN the issue closely have seen the commenlem from

the Administration that we'-re spendn $1-S billion on this problem, anid

actuially we've raised the amount in this new year's budget. But uniless _

you're an old budget official, you prbbynever got the documnents out

to figure out what we're actually senigthe money on.

The truth is, of the $ 1- billion in last year's budget, 3'!.2 billion was an

allocation for satellites and the asso~ciated software to put up detection

monitors that will help us better understand the concentrations-which,

by deduction, means this great counr last year spent $600 Million- on

thle larger non-satellite aspects of this question.

To put that amount in context, wIhat we're talking about here-if we

take the strongest medic-Ine that's been recommended to reduce die

lneves of concentratiori-s an unmpact on the world economy going

forward of maybe $3 trillion a year So I say, I look in this hand and

14)
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"I LOOK IN THIS HAND
AND, I SEE $600 MILLION
IN VESTED IN SCIENTIFIC
UNDERSTANDING,
AND I LOOK OVER HERE

I ~AND SEE $3 TRILLION
S ~A YEAR OF IMPACT ON

THE WORLD ECONOMY.
I SAY THERE'S
SOMETHING WRONG
WITH THE BALANCES"
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"IF YOU WANT TO KNOW WHO PAYS
IT'S LIKE EVERYTHING ELSE IN
LIFE-PEOPLE WITH MONEY PAY.
PEOPLE WHO DON'T HAVE MONEY
DON'T PAY. IT'S A FAIRLY SIMPLE
PROPOSITION. WE'RE GOING TO PAY,
AND WE OUGHT TO. THIS IS A
SERIOUS ISSUES"9

I see $600 million invested in scoentific understanding. and I look over

here and see $3 trillion a year of imact on the world economy. 1 say

there's something wong with the balance.We'renoivetgnary4

enough to reduce the uncertainty around the scientific principles

related to this issue. We should be doing more.

V CTrJN49ac

Now, how should we organize ths? I think we should put together a

whole smorgasbord list of unknow scientific plopositicrns.Then we

should ask how m~uch would it coSt to go after this issue?~ How long

Would it take to accumulate som new insights and knowledge? And,

what is the probability of success after you put in the time and the

expected cost? Then we can make some rank-order priority decisions

on where we spend our rmoney. -



*- FEB-0E-2001 16:35 OES/EGC 202 S47 0191 P.20/34

We shouldn't fool ourselves; a lot of it won't pay off We all know
research and developm-rent is an uncertain proposition. Nevertheless, I
chink we should be prepared to spend a lot more money on direct scien-
tific investi gation of the cause and effect relationships. We ought to do
that in an organized, orderly way, and we ought to lead the world on it.

I'7m. amutsed to see the conversations people are having about wvho's
going to pay for this, The developed countries say. "Well, we're not going
to do this unless the developing countries do their part:' I think it's true
that the developing countries need to play a part in emission reduction
and control, but if you want co know who' pays, lits like everything else
in life-people with rnioneypay. People who don't have money don'tpay ~s farly impe poposition. At te end of the day, we're going to
pay, folks, believe it or not. We're going to pay, and we ought to. This
is a serious issue.We ought to be prepared tb pay and God knows, in
a $1.7 trillion budget, we ought to be able to find enough money to do
a massive, concentrated effort on this problem.

Now% there is 2 second set of issues that should be put to this
committee, having to do with a series of questions that touch on the
aluminum industry.

There are many current uses of energy and consequent emissions that
are s-nifiady ige thnte iht be. In the Tiormial course of our

businesses \we pay a lot of attention already to en~ergy effiCiency HI

17
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smelting, and we pay a lot of attentio to the enlSSiOflS that we're pro-

chlorofluoroc on~~
dcluing, especially the hoofuOabflgases that have a major impact.

miuch greater than the GO,.

We're already paying, a lot of attention to those issues. And other indus-

tries have thie samne kind of ongoing productivity improvernent activities.

Those things all flow natuxally. We're all going, to continue to work on

those things, and I don't believe that the governmnent ought to pay us

money-let me say it this way-I dn't believe the government ought

to give us back sonic of our own moe togtu o do things that

we re goinga to do anyway,

One of the problems with lots of gpenmtflt interventionms is that

before they have any effiect at the mnargin they have to buy up the base, 7-

and one of the things that's wrong, Kjtb some of these tax credit ideas

and grant programs that are part of this Adniinistrationfl initiatives is that

they don't actually accomplish -anything except change the tax incidence.

Thev don't have a significarit effect on fundamental behavior or perfor-

mance as compared with what it would have been anyway. So I'm not

in favor of gi ng "we the people'?j" money back to us, including Alcoa.

for something we're going to do anjyway.

1. Amini- f-avor of the governmrent. uing "wetdie people's" mioney todo

things that are not likely to be done otherwise. Let mne then give you an

example [torn, our industry.

19~~~~~~~~~~
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:"WE- PAY A LOT OF ATTENTION
ITO ENERGY EFFICIENCY IN
SMELTING AND TO THE
EMISSIONS THAT WE'RE4
PRODUCING.'. . 1 DON'T
BELIEVE THE GOVERNMENT'
OUGHT TO GIVE US BACK

' SOME -OF OUR OWN MONEY
TO GET US TO DO THINGS
-THAT WE'RE 'GOING TO
DO ANYWAY."



FEB-06-2001 16:36 OES/EGC 
202 647 0191 P.23/34

"THERE 1S A CLASS OF THINGS TBAT COULD FUNDAMENTALLY
ALTER THE ENERGY AND EMISSIONS EQUATIONS IF WE HAD THE
MONEY TO GO WORK ON THEM WITH CLARITY ABOUT HO0W

MUCH IT MIGHT COST... HO0W MUCH TIME IT WOULD TAKE.-..
AND THE PROBABILITY OF SUCCES?

l1"vou look at the inherent energ efficiency of smelting as wve do it

today, about 50% of the energy wL use in smrelting aluminum actually

gets stored as energy- in the produced alumninum. The other 50% is V

wasted.Why is it wasted? Because of the nature of the design of the

process -and the wray that it cools i tself, so that a lot of energy value

Simply gets put into the atmosphe.

Now that -suggests, a huge opportunity. If ylou. would let yodr mind roami

'I little an~d look at what's being done in some other industries with somne

other metals, you begin to think maybe there's a w-ay, cientifically, that

we could do direct rdcino auteThose of vou who are scientists

wilsay, "Oh, my God, that's way out on the edge. but these are the

kinds of things, I think "we the people" and the government oughit to

entertain as Scientific developm-rental projects that could make a bigT

difference. This is one e-xample fi-on our industry.
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There are other examples inl other industries.'rhc work being done
credibly by the Department of Energy and others in the Administraoion,
wak-king with our companies, identif~'ing things thatC might be done, is
mostly incremental. It is. mstly Stu'ck with the Propositio'n of improving
things as they are.

What I'm suggesting is that there is a class of thigthtcudfda

mentlly lterthe nery and emissions equations if we had the money
to go work on them, with clarity about how much it might cost, with,
clarity about hlow miuch timne it would take to see whether different
ideas work-, and clarity about the probability of success. Again, as a
civilization, we would have, a smorgasbord that we could invest in
collectively to help with this issue,

1..:: t ei , a h o
Now, an area that is really underdeveloped f-rom a scientific point of view
is looking at a different aspect of this whole question. Most of what
you're told about this issue relates to energ conservation and emission
reduction.Very little wiork has be~i done in looking scientifically at how
W'e might deal with the emissions ~fifer they/re emiussions, which is to say
going beyond the -idea of forests as a carbon sink.

You have heard the outcry about cutting down the Brazilian mailn forest
and how the 1cutting contributes to global climate change because those
forests represent a sink and the carbon goes back -into the fiber~cycle.
So people are saying, "Well, w'. grow a lot of trees arid that'll help?'

2 ) 
2
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if we cover the -whole land mass wi-th trees it would make a noticeable

difference; but the oceans are also a bg sink, and there has been some

scietifi wok doe tat sugget ifw could p~utcollections of iron dust

into isolated portions of the occan-j-or we could grow a special kind. of

organism in the oceanjs-they could be carbon sinks that would make a

huge difference in how much we hi-~ve to worrv about emissions because

we:ll have a new way of dealing withthm

A "urther out" idea is salting the amsphere with something that

contributes to the reduction of~ greenhouegssTeeaeaesta

are largely unexplored. I. believe we(soud ndce and pay the scientific

commui-nity and the engineering conmuflity. of which mnany of us are

a part, to work in. A more- deliberat way on these things.

?(ec~~!e~ A '4icle OV A utL fl0

I hope sorte of these ideas will see the light of day. I aMso said in MY

letter to-aCtUalWy I sent it to Brskine Bowles because, knowing how the

White House operates, I figured if 1. send it directly to the President, it

goes to the correspondence group; and they send you a nice note saying.

"Thank younvry uch fyour' letter to the President. He's really glad

you like his programs...-

But if you send it to Erskine Bow ,he actually gets, the itail, or at least

somebody close to the Oval Offce gets the mnail so- sn t oEsie

In this letter I also said to hint"-! really think this issue would be helped

a1 Ilo by the appointment of a person that everyone in the country carn
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believe in, someone who is so respected and apolitical that he or she can
become an educating force and a voice of authority with somne continiu-
fty as Administrations change in dealing with this issue."

The two People that I nominated in hIy letter Were Biii Perry, the
Fornier Secretary of Defense, who {s also a scientist, and Harold Brown,

aformenr Secr etary of IDefense and a scieneist who, incidentally, got his
Ph.D. fl-am Columibia when he was 21. The guy is a flaming genius and
a great, pub]lic-spirited person.

Often organizanional devices'play an important part in whether or not
you can really miake progress on an issue. t31ill Ru~ckelshaus is anothier,
example of the kind of person who could bring a new stature to~ this,
issue by dealing *ith it in the apolitical way that I've'suggested to you.

So I think those are important things we might do.

Loo d g s t AfI rvlu
Let rme talk more directly to our industry.

There are imortanit things that we can do as an industwy Many of you
are involved in or kno~w about the work that George Hayrmaker has
gotten started at the International Primary Alumninium, Institute, where
we've agreed that we will work on life cycle analysis. One of the'things
we need to do now -as an industnr is to be cleir about our own facts.

We need to create a scientific base th~at enables us all co say, "These
are the fact~s.As best the imind of mantr is able to do it, this captures the
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"THIS IS GOING TO BECOME
A MORE SERIOUS ISSUEN
WE NEED TO GET OUT IN
FRONT OF IT. WE NEED TO
CREATE A FACT BASE THAT
WE ALL BELIEY IN ~~THAT

WE CAN SBAREmTHAT IS
IN FACT BULLETPROOF.
WE MAY NOT, LIKE SOME
OF WHAT WE FIND, BUT
WE SHOULD. DOI.

21)
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situation for products in our industry?" Eventually, there are going to be
challenges, as between products. There have been some guerrilla skir-
mnishes around these issues over the last 20 or 30 years. This is gingt
become a more serious issue. We need to get out in front of it. We need
to create a fact base that we all believe in-that we can share-that is, in
£-ict, bulletproof. We may not like some of what we find, but we should
do it, and we shouldn't wait for the grovermnment to pay us to do it, We
shouldn't argue about it; we ought to just get on with it. We're doing that.

Within Alcoa, we have created a committee of people representing our
worldwide activicies.We're going at this issue directly in terms of ow- ow-n
operations, looking at energy efficiencies, what else might wve do, and try-
ing to identifr- oth er things like the smelting example that I've given to
you, so that we can contribute ideas to the broader community about
things that deserve to be on the agenda.

&2n yzsg sn d thire Pr 7v i~- c t~
One more thing I'll share with you: we've got to look at products. I'll
give you an example and you can make tip your own cases. If you look at
energy efficiency from a product point of view-let me use Whing planks
for Boeing or other structural parts for aircraft as an examiple-if you
look ifom the beginning of a. bauxite mine through the whole process to
that final piece of material that goes on a Boeing aircraft, the amount of
energy that' consumed through that whole cycle that ends up on the
plane is about 10%. It is true of a lot of th~ products that we all make.

25
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"THIS IS AN ISSUE THAT IS
POTENTIALLY SO IMPORTANT
THAT I THINK INTELIENT
CITIZENS NEED TO BECOME
INFORMED AND HEED
TO STAY INFORMED AND I
NEED TO TAKE THEIR
OWN ACTION."

In tinkig abut his roblm. e're going to have to go outside our

own company thought process and Ithink -in a difeetwawt h

people. who are consumning ormicor-potatirig our materials about how,

together, we can make a major contribution to energy efficiency. If we

could line up all these activities and think about them from- the point

OF view of conservation of materials, and energy, we ihgeadfern

answer.We. would do somethingr that is imuch clsrt erntshapes.

fRight now; there is enormous waste because of the way society is

organized to produce goods.

I encourage you at the end to say ~oyourself, "This is a different class

of issue.' There -are some things about which you probably, ought to Say,

"I'm not gyoing, to worry about this because it's outside nw area of

specialhzation and, -in a world of Ad~am Smith economics%, I'm going to

Concentrate on what I'm good at land let somebody else work on the

26
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other things This is an issue that is potentially so important that I think
intelligent citizens need to become Informed and need to stay jinformed
and need to take their own action.

A Positive Appreach
I'd make one final plea to you. And I'd example itby something tbat'
flow happening that I think is terrific. More and more, if we want a
better life and a lbetter economic situation and better living conditions
around the world, the answer won't be found in thle government. What
we do in our individual lives and responsibilities matters, and the global
climate change issue is one where I think those of us in positions of
responsibilitz if we're going to pretend to be leaders, need to actuall
lead and not wait for somlebody to hannner us into submission.

In that regard, I cant't ell you how~ delighted i'am to see die actions that
are now being taken by the U.S. automotive indust~y because they are
now leading. They have decided, individuafly and collectively, that they're
going to stop arguing about government intervention, and they're going
to get themselves into a pdistion-this is mny prediktion now-where
they're going to have a defensible base to say: "We're doing everything
wve can do, we're working hard on it, we're producing more and miore
energy efficient vehicles, we're proud of what we're doing., and we're
prepared to argue with anybody who would burden us -,with somethling
else, when -we're already doing all the right things?. I think that's thle
condition we as an industry should be in-that we're raking the lead,

3 ~~~~~~~~~~~~~~~~~~~~~~27
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we're showing the way, we're identifin where the future should go-

Now7 one more thing- this idea of trading emission limits -is not a bad

idea. But we need to test it in a way that is consistent with the enormity

of the notion of applying this idea to tim world econoy eral o'

know how to answer a lot of the questions about emissions trading-

As an example, most of the eniissioh trading schemes suirt with a propo-

sition that says, "Everyone should reduce emissions." Now, if you think

about it, Norway is a place that has' enormous undeveloped hydropower

resource potential, and they've got enormous gas reserves that have not

yet been tapped.

I -would nomninate Nor-way as a plkIce where emissions ought to go up. If'

you think about our industry now: where should our industry, especially

the energyitniepato t elocated in the next century in the

context of global climate change? As a basic principle, we ought to be

ursing hydio-power where. there. are not great pressures from dense

population. Now, it won't all be th Iere, but that is where it ought to be

heading. which says Norwayough ttobe a miajor smeltinigcountry in

the next century.

1 do urge you to be citizens of the world on this issue and get outside

the envelope of your individual ijesponsibilities .Thank you' very much.
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"WHAT WE DO IN OUR
INDIVIDUAL LIVES AND
RESPONSIBILITIES MAilERS,
-AND THE GLOBAL CLIMATE
CHANGE ISSUE IS ONE WHERE
I THINK THOSE OF US IN
POSITIONS OF RESPONSIBILITY,

~IF WE'RE GOING TO PRETEND
TO BE-LEADERS, NEED TO
ACTUALLY LEAD AND NOT WAIT
FOR SOMEBODY TO HAMMER
US INTO SUBMISSION."
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Global warming in the twenty-first century:
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Contributed by James Hansen, June 16. 2C000i

A common view is that the current global wvarming rate will caused most observed global Warming. This interpretation does
continue or accelerate. But we argue that rapid warming in recent not alter the desirability of limiting Co? emissions, because the
decades has been driven mainly by non-C0z greenhouse gases future balance of forcings is likely to shift toward dominance of
(GHGs). such as chlorofluorocarbons. CI4, and N20. niot by the COz over aerosols. However, we suggest that it is More practical
products of fossil fuel burning. CO, and aerosols, the positive and to slow global warming than is sometimes assumed.
negative dlimate forcings of which are partially offsetting. The
growth rate of non-C02 GHGs has declined in the past decade. If alimate Fordings in the Industrial Era
sources of Cit. and 03 precursors were reduced in the futnure, the Fig. I shows graphs of estimated climate forcings since 1850,
change in climate forcing by noan-C0z GHGs in the next 50 years which are similar to previous presentations (4, 6). Forcings for

could be near zero. Combined with a reduction of black carbon specific GHGs differ by as much as several percent from values
emissions and plausible success in slowing CO2 emissions, this we estimated earlier: CO2 (-I%), CHI (+2%), [Nz, (-3%).
reduction of non-COz GHGs could lead to a decline in the rate of chlorofluorocarbon 11 (CFC-l1) (+6%), and CFC-12 (+8%).
global warming, reducing the danger of dramatic climnate'chaiige. Our prior results, used by the IPCC (4), were analytic fits to
Such a focus on air pollution has practical benefits that u'nite the calculations with a one-dimncrsioanal radiative-convective model
interests of developed and developing countries. However. assess- (17). The present results (Table 1) are biased on calculations of

ment of ongoing and future climate change requires composition- adjusted radiative forcing (5). using the S12000 version of thef
specific long-term global monitoring of aerosol properties. Goddard Institute for Space Studies three-dimensionasl climatef

i- model (8, 13), with the absorption coefficients fit to line-by-lin
climate change I greenhouse gases I aerosols l air pollution radiative transfer calculations, using current HITRAN (18)

1> - ~~~Iabsorption line data. Thus the present results are improved in

hbe global surface temperature has increased by about 0.S.C several ways.
Isince 1975 (1.2).aburst of warmingthat has taken the global

temperature to its highest level in the past millennium (3). There Estimated Forcings. We separate CO2. CH 4, and CFCs in Fig. I

is a growing consensus (4) that the warming is at least in part a because they are produced by different processes and have
consequence of increasing anthropogenic greenhouse gases different growth rates. We associate with CH-4 its indirect effects

(GHGs). ion tropospheric 0, and stratospheric 1H,0 to make clear the
GHGs cause a global climate forcing, i.e.. an imposed pertur- importance of CH4 as a climate forcing. We assume that

bation of the Earth's energy balance with space (5). There are one-fourth of the 0.4 W/m' climate forcing due ito increasing
many competing natural and anthropogenic climate forcings. but tropospheric 03 is caused by increasing ClH, (chapter 2 in ref. 4;
increasing GHGs are estimated to be the largest forcing and to ref. 19). We calculate an indirect effect of 0.1 W/m2 for Cl- 4

result in a net positive forcing, especially during the past few oxidized to H20 in the stratosphere (20). The recent trend of
decades (4, 6). Evidence supporting this interpretation 'is pro- stratospheric H20 (20. 2!) is even larger than CH, could cause,
vided by observed heat storage in the ocean (7). which is positive but part of the observed trend may be a result of transport from
and of the magnitude of the energy imbalance estimated from the troposphere.
climate forcings for recent decades (8). I The estimated negative forcing due to stratospheric Oi de-

The Intergovernmental Panel on Climate Change (IPCC) (4) pletion, -0.1 W/m', is smaller than the -0.2 W/m2 that weused
has considered a range of scenarios for future GHGs, [which is earlier (6) because of changes in the vertical profile of 0,

further expanded in its Special Report on Emissions Scenarios (9). depletion estimated from observations. 03, trends recommended
Yet global warming simulations have focused on "business as by the World Meteorological Organization (22) have less de-
usual" scenarios with rapidly increasing GHGs. These scenrion.Cs pletion in the tropopause region (where O, loss causes surface
yield a steep, relentless increase in global temperature through- cooling) and greater loss in the middle stratosphere (where 03

out the twenty-Linst century (4. 10) with warming of several loss causes surface warming) compared with the 0, changes that

degrees Celsius by 2100, if climate sensitivity is 2-4`C for we used previously (5, 6).
doubled CO2. as climate models suggest (4. 11-13). These figures Climate forcing by CO2 is the largest forcing, but it does not
can give the impression that curtailment of global warming is dwarf the others (Fig. 1). Forcing by Cl-, (0.7 W/m') is half as
almost hopeless. The 1997 Kyoto Protocol, which calls for large as that of CO2 , and the total forcing by non-CO2 GHGs
industrialized nations to reduce their CO2 emissions t6 95% of (1.4 W/m2) equals that of CO2. Moreoverincomparingforcings
1990 levels by 2012 (14), is itself considered a difficult target to _______

achieve. Yet the climate simulations lead to the conclusion that Abe.10:G~.genos aeC~.clwlo~bn:1~_ieg~i

the Kyoto reductions will have little effect in the twenty-first mntal Panel on climate Change.
century (15), and "30 Kyotos" may be needed to reduce warming 'To whom reprnt requemstihouid be addressed. fEvnadi jhanenegiu.ns.go...

to an acceptable level (16). . me Ih publicaton costs of thi, anti.l were defrayed,n Pan by page chage paymen This

We suggest equal emphasis on an alternative, more optimistic, artcl mut heretore be hereiny marked a.dvnneenr in accordance with 18 U.S.C.

scenario. This scenario focuses on reducing non-CO2 GH~s and 51734 Woeiy to indiatefths fact.

black carbon during the next 50 years. Our estimates of global ~ic.publ,,hwaonhneoeIorep,.ntoc.NarAcfA4d SC, USA, I0 lO73ipna,.17027
8997-

climate forcings indicate that it is the non-CO2 GHGs that have Artcleand pubi,.aondate are a1v.npna.org/cddoi/10.I073,pnas 170278997
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Fig. 1. Estimauted climnate forcing$ betwee laso and 2000.

due to different activities, we must note that the fossil fuels Consistency Checks. Two empirical Ipieces Of information are
producing most of the CO2 are also the main source of aerosols, consistent with our estimyatend nie~toclismravte 'focracinsg:r(aig)gilotbhal
especially sulfates, black carbon, and organic aerosols (4, 23). warmsing of the past centuery an d ire obsrvd heatamstoageinthFossil fuels contribute only a minor part of the non-COz GH-G oce~alne.oThe icsecodnadtoftihese32 is direclan fh teeqiirundmntl
growth via emissions that are not essential to energy production. Paeciteda(1.3,3)mpyhtteeqlbruAerosols cause a climate forcing directly by reflecting sunlight global climate sensitivity for doubled CO: (a forcing of about 4
and indirectly by modifying cloud properties. The indirect effect W/m') is 3 ± 10C (thus 'A4 ± /'AC per W/m2 ). This figure is
includes increased cloud brightness, as aerosols lead to a larger similar to the sensitivity derived from climate models (4, 12), but
number and smaller size of cloud droplets (24). and increased it has a higher precision and confidence level. This climate
cloud cvr ssalrdolt nii analadices sensitivity implies a thermal response time of the ocean surface

cludlietim (25) s absorbn arp erosolsbi causeal ansemidireaet of 50-100 years (32, 34). One implication of this; ocean response
flor ingbfeating the) Atmospeerhubeuing leooscuea s drge-cal time is that the observed global warming of 1A4C since the late

forcig byhearng te atosphre, tus rducig lage-sale l800s is consistent with the equilibrium warming of 1.2rC thata

cloud cover (5). In addition, absorbing aerosols within cloud forcing of 1.6 W/m 2 implies, because about 70% of the forcing
drops and in interstitial air decrease cloud brightness. was introduced in the last 50 years (6, 35). The remaining global

Forcing by atmospheric aerosols is uncertain, but research of warming of 0.4-0.5C that is "in the pipeline" is consistent with
the past decade indicates that it is substantial (4, 26-28). The the present planetary energy imbalance of 0.'6 - 0 .I W/m2' (8).
aerosol forcing that we estimate (6) has the same magnitude (1.4 The ocean is the only place that the energy from a planetary
W/m2 ) but a sign that is opposite that of the CO2 forcing. Fossil radiation imbalance can accumulate, because of the low thermal
fuel use is the main source of both CO2 and aerosols, with land conductivity of land and the limit on ice melting implicit in the
conversion and biomass burning also contributing to both forc- observed sea level rise (36). Thus observed ocean heat storage
ings. Although fossil fuels contribute to growth of some of the requires a planetary energy imbalance of the same magnitude.
other GH~s, it follows that the net global climate forcing due to Analyses of global ocean data (7) reveal that ocean heat content
processes that produced C02 in the past century probably is increased by 2 x I0'1 joules between the mid-1950s and the
much less than 1.4 W/m 2. This partial offsetting of aerosol and mid-1990s. This heat storage could be a natural dynamical
greenhouse forcings has been discussed (29-31). Offsetting of fluctuation. But the simplest interpretati on is that the change in
global mean forcings does not imply that climate effects are ocean heat content and the implied planetary energy imbalancenegligible. ~ ~ ~~~~~~~~~are a reflection of the net global climate forcing. Observed heat

A corollary following from Fig. I is that climate forcing by storage between the mid-19505 and mid-1990s yields a mean
non-CO2 GHGs (1.4 W/m2) is nearly equal to the net value of heating of 0.3 W/nm' averaged over the Earth's surface for that
all known forcings for the period 1850-2000 (1.6 W/m'). Thus, period (7). This finding is consistent with the ocean heat storage
assuming only that our estimates are approximately correct, we simulated in global climate models that use the forcings of Fig.asset th t th pro esse pro ucin the non- O2 G i~s ave ; the heat storage in the m odels increases from near zero in the
bseen ha the primar edriesforuclimtchngei the past cetury. hae I950s to a mean of 0.5 W/m' in the 1990s (8, 35). Thus observed

been the priary drive fr climate chngestorage aempiricaly
ocean heatstrg providesemica evidence for the sign andapproximate magnitude of the net climate forcing of Fig. 1.Table 1. Greenhouse gas radiative forcings Greenhouse Gas Gmowth RatesGas Radiative forcing Atmospheric amounts of the principal human-influenced GHGsCO2 F - ftc) - f~c.), where ftc) = 4.996 In Cr 0 .0005c') have been monitored in recent years and extracted for earlierF = .O~6Cvr - i~i - 1m,,n,)- g~,0,n~n times from bubbles of air trapped in polar ice sheets (37). Gases

NO F = 0.046(VF -v m-) - Ig~m, n.) - gins., n.)t that cause the largest climate forcings. CO, and Cl-i,, are'shownN20 F~~hreg~s t, = 0.53(/? In7 l- 2 x. n 10(mn.)O " in Fig. 2. IPCC 1S92 scenarios (chapter 2 in ref. 4) for the next
CFC-I 1 F = 0.264(x - x. 50 years are also shown in Fig. 2. lS92a. at least so far, has beenCFC.12 F = O.323~~~~~~~ -~the 

most popular scenario for climate model simulations.CFC-I 2 F - 0.323Iy - Y.) ~ ~~~These climaie forcing projections involve many assumptions
c. Mr (ppm); mn, CH4 tppb); n, N20 (ppbo); x/y, CFC-1 1/12 (ppb) and 'are very uncertain. The IS92a forcing for all well-mixed
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Fig. 2. AtmosphericCC02and CH.observations and range of 1592 senarios (the solid red line is tS92a).

GHGs. including CFCs, was already a 15% reduction frprm the production agreements (42), the net change in CFC climate

principal 1990 IPCC scenario (38). The observed increase in CH!4 forcing in the next 50 years will be small, as discussed below.

in the 1990s falls below the lowest 1S92 scenario, whereas CO2 -

falls on the lowest 1S92 scenario. fThe Three Largest Climate Fordings r
Trends of the climate forcings are revealed better by their The largest anthropogenic climate forcings. by C0z, Cit. and

annual growth rates. as shown in Fig. 3 for anthropogen ic GHGs. aerosols (Fig. 1), pose the greatest uncertainties in attempts to

The forcings are calculated from the equations of Table~ 1. The project future climate change.

CO., and Cli. amounts for 1999 were kindly providedt by Ed Si3

Dlugokencky and Tom Conway of the National Oceanic and -Carbon Dioxide. Coal and oil are now about equal sources of CO2

Atmospheric Administration Climate Monitoring and Diagnos- emissions (Fig. 4). Coal is the source of potentially large future I

tics Laboratory (personal communication). emissions, as its known resources are an order of magnitude
greater than those of either oil or gas (43). Coal use has declined

-Carbon Dioxide. The growth rate of forcing by CO2 doubled in much of the world, but it has been increasing in the United

between the 1950s and the 1970s (Fig. VI) but was flat from the States and China (39, 43).

late 1970s until the late 1990s, despite a 30% increase in fossil The increase in atmospheric CO2 in recent decades (Fig. 2)

fuel use (39). This finding implies a recent increase in terrestrial represents about half of the emissions from fossil fuels and

and/or oceanic sinks for CO2. which may be temporary. The changes in tropical land use; the remaining CO2 from these

largest annual increase Of CO,. 2.7 ppm, occurred in 1998. The -sources is taken up by the ocean, terrestrial biospherc. and soils.

annual increase was 2.1 ppmn in 1999. although the growth rate The flat growth rate of CO2 forcing, despite increased emissions.

had decreased to 1.3 ppm/year by the end of the year' is at least in part a ref lection of increased terrestrial sequestra-
~~11 'I ~~~~ tion of carbon in the 1990s (44). The slowing growth rate of

Methane. A dramatic growth rate change has occurred for Cl! 4 emissions may itself allow a higher proportion of CO., emissions

(Fig. 3B). The small interannuall variability of CH4 beforye 1982 to be Sequestered. Thui the prognosis for future sequestration is

reflects smoothing inherent in ice core data (37). Factors that uncertain, but maintenance of a flat growth rate of CO2 forcing

may have slowed the CH, growth rate are recognized. as' surely requires a flattening of the growth rate of fossil fuel

discussed below, but most of them are not accurately quantified. emissions, whi ch have grown 1.2%/year since 1975 (Fig. 4).

CFCs.Tbe growth rate of the two principal CFCs is nearzerfl (Fig. Methane. The decline in the Cl! 4 growth rate (Fig. 3B) probably

3C) and will be negative in the future as a result of production is caused in part by changes of chemical emissions (such as CO

restrictions imposed by the Montreal Protocol (40). Oth&r CFCs and NO4) that affect OH. the primary sink fot Cl! 4 (19,45, 46).

together cause a climate forcing that may approach Ithat of However, a reduced growth rate of Cl! 4 sources also may be

CFC-12 early in the twenty-first century (4, 41). But most of involved (37, 47). The short lifetimfe of CHA. about 8years, means

these are being phased out, and, assuming compliance with that a reduction of several percent in a major source could have

Climate Forcing Growth Rate
A C~~~~~~~~

.03 
cc1

_5Y.Idoiiia ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ cvi

9i~~o 19W 1970 i~~~m '~ 9 9 I97 i lion 200 395 159CC I97 19W 'W m

Fig.3 Growth rates of climate forcings by individual GHGs--CO,2(A), CH.and N20(B). and CFC-1 ¶and CFC-12 (C)-.based on trace gas data available from the

National Oceanic and Atmospheric Administration climate Monitdring and Diagnostics Laboratory.
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loom ~CO 2 Emissions from Fuels
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Clmate ForCings

IZN2

=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-. S04~~~~~~~~~~~~~~~~~

Gas 
s~~~~~~t rpompe, Tropospbec-TOWa -1900 ~ ~15 200 Fig. S. A scenario for additional climate forcings between 2000 and 2050.

Fi9. 4. CO, emissions from fuel use (40). The estimate for wooid is by N. Reduction of black carbon moves the aerosol forcing to lower values.
Makcarova (The Rockefeller University. Personal communication).

Carbon Dioxide. This Scenario calls for the mean CO, growth raze
Caused the reduced growth rate of Cit. Souresad sik fC, i thte next 50 years Lo be about the Same as in the past two
are not known to that accuracy (19, 45. 48).- decades. The additional forcing in 50 years is about I W/m 2 for

The primary natural source of CH4 is microbial decay of an average annual CO2 increment of 1.5 ppm.
organic matter under anoxic conditions in wetlands (45, 49). Is such a CO7 growth rate plausible? We nowe that the CO2

Anthropogenic sources, which in sum may be twice as great as growth rate increased little in the past 20 years, while much of
the natural source (45), include rice cultivation, domestic rumi- the developing world had rapid economic growth. The United,
nants, bacterial decay in landfills and sewage, leakage during the Slates also had strong growth with little emphasis on energy
mining of fossil fuels, leakage from natural gas pipelines, and efficiency, indeed with increasing use of cnryicfiin sports
biomass burning. Global warming could cause the natural'wet- utility vehicles. This fact suggests that there are opportunities to
land source to increase (49). but if warming causes a drying of achieve reduced emissions consistent with strong economic
wetlands, it might reduce the CR 4 source, growth. Limiting CO2 growth to 75 ppm in the next 50 years-probably requires a moderate decrease in CO, emission rates, as
Aerosols. Climate forcing by anthropogenic aerosols may -be the continuation of high terrestrial sequestration' Of CO2 is
largest source of umncertainty about future climate change. The ucran
approximate global balancing of aerosol and C0, forclings in the lIn the near term (2000-2025) this scenario can be achieved by
past (Fig. 1) cannot continue indefinitely. As long-lived CO2 improved energy efficiency and a continued trend toward de-
accumulates, continued balancing requires a greater and greater carbonizntion of energysourccs, e.g., increased use of gas instead
aerosol load. Such a solution, we have argued (30),wudba of coal. Technologies for improved efficiency exist (ref. 52;-
Faustian bargain. Detrimental effects of aerosols, including acid aviblatwwncpor)ndmle 

naincnbervn
rain and health impacts, will eventually limit the permissible ba cnmcsl-neet utgvrmnsne ormv

a t m o p h e n a e r s o l m o u n a n d th u s e x p o e la e n t r e e n o u s errie rs th a t d is c o u ra g e b u y in g o f e n e rg y e ffic ie n c y (5 3 ). lB u s i-

atmopheic arosl aountandthu expse atet grenhuse ness-as-usual scenarios often understate a long-term trend to-

warming, 
ward decarbonization of the enrysupy(igure 8 in ref. 5)

We do not even know the sign of the current trend of aerosol but eh PCSeilRpr neg Emsupply Scnr4),9 ncue
forcing, because such information would require knowledge of a subset that is consistent with our CO2,cnro
the -trends of different aerosol compositions. Direct aerosol In the longer term (2025-25scatanentriof. eresn
forcing depends on aerosol single scattering albedo (5, 50) and L -2rothrtewil0euie raterauenofenerg sou rceasitha
thus on the am ount of absorbing constituents. Indirecct aerosol C 0 r th a e wil eq reg a er s o n gy s u c s h t

he Semi- produce little or no CO2. Some renewable energy systems will be

forcing also depends on aerosol absorption, through thI ei developed without concern for climate. But irsuch systems are
direct effect on cloud cover (5) and the cloud particle single to p lay a substantial role by the second quarter of the century,
scattering albedo. Calculationsforcloud particleswith imbedded .Iti imotn tofse eerhaddeeomnnetet
black carbon cores (51) suggest an effect on cloud albedo at now in generic technologies at the interface between energy
distances up to 1,000 km from the carbon aerosol source, supply and end use-e.g., gas turbines, fuel cells, and phocovol-An Alternative Scenario 

taics (43).Let us propose a climate forcing scenario for the next 50 years Methane. Our scenario aims forea forcing of -0.2 W/m 2 for CI-I,
that adds little forcing (Fig. 5),' less than or about I W/nm2 , and change in the next 50 years. T1his goal requires the reduction of
then ask whether the elements of the scenario are plausible. The anthropogenic Cit sources by about 30%- Most CH, sources are
next 50 years is the most difficult time to affect CO2 emissions, susceptible to reductions, many in ways that are otherwise
because of the inertia of global energy systems, as evidenced by beneficial (55, 56). Reduction of Cit would have the added
Fig. 4. The essence of the strategy is to halt and even reverse the benefit of increasing atmospheric OH and reducing troposphericgrowh ofncm-~z G~s ad tored cbakcarbon emissions 03, a pollutant that is harmful to human health and agricul-
Such a strategy would mitigate an inevitable, even if slowing, ture (57).
growth Of CO2. By Mideentury improved energy efficiency and The amount of CH, produced by rice cultivation, perhaps the
advanced technologies, perhaps inciuding hydrogen-powered largest anthropogenic source, depends on cultivar choice (58).
fuel cells, should allow policy options with reduced reliance on irrigation management (59), and fertilization (60). Mitigation
fossil fuels and, if necessary, CO2 sequestration. strategies that maintain yields include intermittent irrigationAofis I www.pnas~o,g 
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(61), with the added advantage of reducing plant pests and negotiations on CO2 emissions, which cast the developed and
malaria-carrying mosquitoes. Ruminants offer substantial po- developing worlds as adversanies. all parties should have con-
tential for emission reduction via dietary adjustments (62). as the gruent objectives regarding 0,. Analogous to the approach to
farmer's objective is to produce meat, milk, or power from the CFCs, sharing of technology may have mutual environmental
carbon in their feed, not CH-L. Cl-I. losses from leaky natural gas and economic benefits.
distribution lines could be reduced, especially in the former Troposphenic 03 is decreasing downwind of regions such as
Soviet Union, which is served by an old system that was built Western Europe. where NO, emissions are controlled (67). but
without financial incentives to reduce losses (63). Similarly, CM.. increasing downwind of East Asia (69). There is a clear potential
escaping from landfills, coal mining and oil drilling sites, and for cleaner energy sources and improved combustion technology
anaerobic waste management lagoons can be reduced or cap- to achieve an 0, reduction. Our scenanio assumes that a small
tured. with economic benefits that partially or totally offset the reduction of tropospheric 03, forcing, at least sufficient to

costs (56). balance the expected rebound of stratospheric 031, is plausible by
nhe economic benefits of CH,. capture probably are insuffi- 2050.

cient to bring about the 30% Cl-i. reduction that we suggest. But
with additional incentives-e.g.. as part of multigas strategies for Aerosols. Aerosols, unlike GHGs, are not monitored to an
limiting GHG climate forcing (64)-a 30% reduction in ClM accuracy defining their global forcing and its temporal change.
sources seems reasonable. In addition, it will be necessary to it is often assumed (4) that aerosol forcing will become more
avoid new large Cit sources. For example, in new pipeline negative in the future, which would be true if all aerosols were
distribution systems in Asia it will be important to use technology to increase in present proportions. However, it is just as likely
that minimizes losses. that aerosol forcing will become less negative. Such an outcome

The pollutant carbon monoxide (CO) contributes to increased is possible. e.g., if nonabsorbing sulfates decrease because of
Cl-i and 03 through its effect on OH-1(65.66). A small downward regulations aimed at reducing acid rain.
trend in atmospheric CO has occurred in recent years, aippar- Black carbon reduces aerosol albedo, causes a scmidirect
enitly as a result of pollution control in Western countries (67). reduction of cloud cover, and reduces cloud particle albedo. All
More widespread use of advanced technologies that reduce CO of these effects cause warming. Conceivably a reduction of
emissions will help achieve Cit and 03 reductions. climate forcing by 0.5 W/m 2 or More could be obtained by

CF~s TheMonrealProocolis imedat rvering traosphric ducing black carbon emissions from diesel fuel and coal. This -

CF~. Te Mntral rotcolis ime atrevrsig sratsphric reduction might become easier in the future, with more energy
ozone depletion. A secondary benefit is reduction of climate provided via electricity grids from power plants (43). But a
forcing by the controlled gases. If production phase-out follows quantitative understanding of the role of absorbing aerosol in
the current plan (40). the forcing by controlled gases will be clmtchneirqurdofruaerlabepiy
about 0.15 W/m 2 less in 2050 than at present. primarily b~ecause rclimaenchatingis rqie ofruat eibeplc
of declining amounts of CFC-12 and CPC-1I. Uncontrolled Arecommendavetions. oiordgoalyhsbstlie

gase, soe o whih ae sustittesfor zon -dclt c %because of their heterogeneity. Measurements must yield precise

icals, are likely to increase and cause a positive forcing of abot aerosol optical depth, size distribution, and composition to
that same magnitude in the next 50 years; the largest contribuo define the direct forcing and provide data to analyze indirect
to this forcing is HFC-134a (chapter 2 of ref. 4). effects. Such measurements are possible with precision multi-

Verification of the CFC phase-out requires continuing atten-,
tion and atmospheric monitoring (42). but overall thepocl spectral (UV to infrared) polarimetry, with each region viewed

has been a model of international environmental cooperation. oe ierneo nls(0.Teedt hudb con
The Protocol's Multilateral Fund recentlyapproved S150 million pantied by visible imaging for scene definition and infrared

frChina and £82 million for India, the two largest rming interferometry to yield a temperature profile and cloud prop-
for phas-out of heir CFCproductin (40). erties. Simultaneous lidar data could provide precise vertical

producers, for complete paeototeTCCpouto 4) h eoos
The cost of the fund over a decade was about $1 billion (40). profiles of h eoos

At present the net change in climate forcing by these gases over Summary
the next 50 years is expected to be about zero. If the phase-out
were extended to include additional gases, such as H-FC-134a, Business-as-usual scenarios provide a useful warning about the

and destruction of the accessible bank of CFC-12. a negative potential for human-made climate change. Our analysis of
forcing change of -0.1 W/m2 would seem possible. climate forcings suggests, as a strategy to slow global warming,

an alternative scenario focused on reducing n5Wi-CO? GHGs and
Troosperi Ozne.Cliateforin~by nthopoeni[ topo -black carbon (soot) aerosols. Investments in technology to

spheric 03 is now 0.4 ± 0.15 W/m' (4, 6). Principal precursor improve energy efficiency and develop nonfossil energy sources
emissions are volatile organic compounds and nitrogen oxides are also needed to slow the growth of COI emissions and expand
(NO.) (57. 68). Primary sources of the precursors are transpor. future policy options.
tation vehicles, power plants, and industnial processes (57). A key feature of this strategy is its focus on air pollution.
Business-as-usual scenarios have 03 continuing to increase in the especially aerosols and tropospheric ozone, which have human
future (4, 68). Because 03 in the free troposphere can~ have a health and ecological impacts. If the World Bank were to support
lifetime of weeks, tropospheric 03 is a global problet: e.g., investments in modem technology and air quality control in
emissions in Asia are projected to have a significant effect on air India and China, for example, the reductions in tropospheric
quality in the United States. High levels Of 03 have adverse ozone and black carbon would not only improve local health and
health and ecosystem effects. Annual costs of the impacts on agricultural productivity but also benefit global climate and air
human health and crop productivity are each estimated to be on quality.
the order of $10 billion/year in the United States alone.

Despite limited success of past attempts to reduce 03 ('57), the Noan-CO2 GHGs. These gases are probably the main cause of
human and ecological costs of this pollutant suggest that it observed global warming, with CH,. causing the largest net
should be a target for international cooperation in thie next climate forcing. T1here are economic incentives to reduce or
half-century. Air pollution in some Asian regions ts already capture Cl- emissions, but global implementation of appropri-
extreme, with high ecological and health costs. Unlike the Kyoto ate practices requires international cooperation. Definition of

Hansen et al.PtS.y~do 0



,appropriate policies requires better understanding of the Cl- 1998 and again in 1999 (71), while the global economy grew.
cycle, especially CI-i sources. 

However, achieving the level Of emissions needed to slow climate.
Climate forcing by CFCs and related chemicals is Stil goig change significantly is likely to require Policies that encourage

thouday but nf onetra Prowtocol retitosaeahrdttee 
technological developments to accelerate energy efficiency and

Ashoul dbenoreas growth in this forcing over the net5 er. decarbonization trends.A smll dcreae frm tday's forcing level is posila escomparable in magnitude to the Pexected small rebound in Aerosols. Climate forcing due to aerosol changes is a wild card.
sTratospheric 0, fring.ae n uiesasuulscnro, Current trends, even the sign of the effect, are uncertain. Unless
Tropoaspheri 03t increases i basndsthatsuhuai scnariosa climate forcings by all aerosols are precisely monitored, it will beeWinn to control 03 precursors. Despite limited succes inc pasteffors to educ Oj, he hman health and ecologica ipcs of We argue that black carbon aerosols, by means of several

03 are so great that it represents an opportunity for international e~ffects, contribute significantly to global warming. This conclu-
cooperation. At least it should be possible to Prevent tropo- sion suggests one antidote to global warming. if -it becomes a
spheric 03 forcing in 2050 from exceeding that oftoday. major problem. As electricity plays an increasing role in futureg emnergyonsysstetmossitisfhoulIdoberelatlively 

easy to s trip black carbon
Carbon Dlioxide. 002 will become the dominant climate forcing msin althog fosslfecaloernplnts. Stroippi and disposalkof
if its emissions continue to increase and aerosol effects level Off. 002,alhuhmrcalegnpoiea.-fcvebkpBusiness-asusual scenarios understate the potential for C02 strategy.emission reductions from improved energy efficiency and de-carbonization of fuels. Eased on this potential and current CO2 We thank Jesse Ausubel, Tom Boden. Ralph Cicerone. Joel Cohen. Torm
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Health and Environmental Impacts of NOxPaeIo2

Qaity panning
Stndards

NOx - How Nitrogen Oxides affect the way we live & breathe

Health and Environmental Impacts of NOix

NOx causes a wide variety of health and environm111ental impacts because of vanious compounds and

derivatives in the family of nitrogen oxides, i Itcluding nitrogen dioxide, nitric acid, nitrous oxide,

nitrates, and nitric oxide.

Ground-level Ozone (smnog) - is formed when NO% and

volatile organic compounds {VOCS) react In the prdfersec
of hoea and sunlight. Children, people with lung dISease

such as astruna, and people who work or exescise outside

ame susceptible to adverse effects, such as damage to

lung tissue and reduction in lung function. ozone can

be bransported by wind Currents and caLUSe health1 Impacts

far from the original aburces. Millions of Americans live

in areas that do not meset the heasth standards tot ozone

Other impacts from ozone Include damaged Vegetation
and reduced crop yields.

Acid Rain - NO1 and sultur dioxide 0Wparticels - NO1 react with ammonia,

react with other substances in the moisture, and other compounds to

air to lorm acids which tall to earth L 4form 
nitric actd vapor and related

as rain, tog, snow, or dry particles. [particles. 
Human health concerns

Some may be carried by the winid for Include effects on breathing and the
as. Acid rain ~~~~~~respiratory system, damage to lung

hundreds of miles Acdri isuadprmtr eah ml

damages forests; cauises tsuadpeauedah ml

deteriorationl of cars, buildings, and particles penetrate deeply into

historical monumnents; and causes USE sensitive parts of the lungs and can

and unsuitable for many fish.r ome repiatoy isese
lakes and streams to become acidic -~such 

as emphyseaanbrnht.

N ~~~r ~~and aggravate existing heart disease.

Water Quality Doterlofatiton - increased I7Global Warming - One member of

nitrogen loading In water bodies, I Nthe NO, family, nitrous oxide, IsaS
nitrogn loadng In ater bdlesgreenhouse gas. It accumrulates In

particularly coastal estuaries, up' teatmosphere with other

the chemicaW balance of nutrients used rnhu gmcasga adl

by aquatic Piants and animals. 2brehuegss asn mia

Additonalnitrgen ccelrateain'rise In the enrth~s temperature. This

A"eutrophicntIogn. awhcieads to will lead to increased risks 'to hunma

oxygen depletion and reduces fish ,hoeatareinhesalvad

and shellfish pOpulaIonU OI 140 other adverse changes to Plant and

emissIons In the air are one of the animal habiota

large~gl tou so ntheoCesapeakeutayn
largest to~fC ofe niroenapoeltio Dr..g

Toxic chemicals - In the sir, NO, react$ visibility imnpairmeflt - Nitrate

seedily with common organic chemicals. particles and nitrogen diOxide

and even ozone, to form a wide variety Of can block the transmnission Of

toxic products, some Of which may cause light reducing visibility In

http:~//www,epa.govioarioaqps/nox/'hlth~htmI 
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SEQUESTRATIONOF CARBON DIMME By OCEAN reduction of 10%/ firom ft he n-expected emissions bY 21004± Thcs

SEQUESTRATION OF CARON DIOXIDE BY OCEAN reductions. if put into effect, would have serious adverse effcts on

FERTILIZ7ATION fte eccornom of the United State, causing lass of jobs. decrease in

Mfdwi &fae rk&s Jr.and Ic6danl T. Barber out sAwdad of living mid a reducteion iii the life span of our citizens.

6850 verma Centter. Spring-field, Virginia 22151 These required reductions would not address the concerns that

demand an approach to permit the reversal of atmospheric C0z

Abstract 
increase, should this becomne necesa~ry.

*Sequestiallofl of carbon dio~dde to the deep ocean by the -

rertiliato of high nutrient, low chlorophyll (VNiLC) ocean vater$ Current Approach To Sequesflttimf

canbe x mnerto he oncrnsariingfro th inresing carbon The current approach to the problem Of toshicCO2

di _d content of the atmosphere. This approachi has the potential funes lterues eificS actions now to reducae the skoavee

to sequester carbon diomde; for 1000 to 20D0 years for a cost of OCInsequenoes in the ftr.Teoatosaet as h

abou 3200/tn o cabon ioxde.A tehnoogydemonstration is efficiency of energy productionl and use and to change ourstandard

panned to fertilioe anareaof di ,000 suteoh lesof h qutkv of living to reduce our dependence on energy in our'lives. Energy

Pacific that is expcoted to sequester between 600,000 and 2,000,000 efficiency can often be ninreas4i but wic havebendigtsfo

tons of carbon diomdde in a perio of 20 days. The ecological owe 200 years, so there is not a lot Of gain renaining before we run

changes ecpcctcd consist of the increase in diatoms, which double or into tbetmodyiiamlic barriers. Even at 100% efficiericY we still

triple each day until the limiting fertilizing element is used up. No rlase= CCi z toth amxaosphcic, so this can newe aiddrs peopkle

advese hangs ae exectd, sncethis is exactly whiat happens concerms. We can also address the other side of the problem, wbich

naturally to'n episodic fertilzation occurs in the open ocean. The ist increase the isa enough Cwe isrnould brong the aetinrespetin

concept is that ibitilization of HNIJC water with chloated iron yifl If m~C~dices hseog e couldbrnth iceaen

cause a bloom of pbrytoplankton that sink below the thermooline, into C0)2 emissions to zeo, providing a solution to the problem of

deep water due to their high density after they die. Tile experiment. peoples' concern. Tilt avuilability of this solution will permit us to

tilelarg by and ompaison, i nilin trms f ocan aes, avoid precpitous actions and await the proven requirement to take

about one square degre at the equator. The demnonstrationi Protocol stptolwrheaoserC 0,evlsmybepdn

will include measurements of the anturint of carbon dijxde that is c2i eoe rmtearwhr ypat sn h

removed amo the smrbce layer and the amount of organi carbon Sus 0Žeg to ceonvedt ittoom w The htisph byom pssmayts useng as

that is produced and exported to the ocean depths as well as other -v cnvert ad o imialsa this obtoinass may beacuied i

effctsin hewater column over a period oif 20l days. After this 6M, food by bacteria, fwiadnalthto tai eneryb ratming ite

no further effiects of iroa fertilization are expected to take plac thover firaportm ofthe biomd~assg forme back toe thqe amseredin

because instcranutrieit elemnats (Ns, P and Si) are depleted to Ove rtime ad poin o theoa bioofft farmed hossi beneuelshtere bun

limiting conrcaitations. Since the iron euicmioine is traxideir no h at n nteoenbto. aun oslfesta ebr

steay-satemodification of the food web will ocen Th to obtain energy to support out Smdafld of living- NunerOnS

sexperimet wilb are u utieteEZo n Isa projecs have been undertlken to inmt~ tree growth in the tropics,

were he prviousfive xpernn voyages, so, lie thCm~ , wiuich reduces the CC2 content of the atmsb( e hs poet

permiswl erqie.Te the recentuoceaneexprimentsl suffer from a shr lifetuime. generally 20 to 50 years and the

oberveds wirone xequiafio ofliayfovearcetn Ocean but exieffts diffiotilty of assuring that forest tires, poachig etc., will niot rcsut

wberve difful stoqulantify. in the 9 op 28 squrewh mile permets in an early retycling of the caboni to the atmosphere. Othe CWb

wece edydifficltton qalngiyi the ede ato2 pqatch dilutdte blooints seuseigtelclg have been Proposed, including i~ieCtion

This problenm will be mainimied in fte planned technology lqi Cit elgclfnin notede

demonstation because its Wager are resrincts the diffusion erm the hemeto of , C2into coal seavis and natural gas

tatter of the patch to less than 21% of the concentrationl owe the 20 producing formations to increase mediane production has been wel

day period of the ta. 
roe and is commertially viable hane relativelyPueC2

I~~~frO4UCIIOU - I ~~~~~~~available. This is the cms where naurail gas wells produeamxo

Itheodu ,ctonteto h toshr C nrasdfo bu o, and methane, which is separate leaving a C02-rich stream a

280 ppm to about 365 ppm. durin thlst6 yde 1 .Drig h sadi~neal uifOs. T uhase C islc sbeams cane alo edipse

I 8sterate of increase of CC), in the atmosphere. in tarms of mude aie qks~ch pui en on nteN rtSet Cohe

carbo mheti tswsaot3 ggtn tCbf y capacity Of these alternatives is low since not mc ueC2i

(GtC/yr> fossil fuel emissions were about 5.5 GtC*~ (20 61 aiGt udw~ ts ag a~ aliquefyi t6a

CGy) and terresftial emissions -were about I1.1I0cty during that separate the C02, frOM flue gaS at electriC Power Plants, iueSi

Period, so about 3.3 GtC/yr, 60% Of fossil fuel emia'nions4wuere tas~ti oalcto hr tcnb rnfre oasi

seqestrednatralyOf this, about 2.0 e~tC/yr was absorbed by tasott h epoen hr.tesi illwratonl

the oeansand 1 6*0yr by the land_2 The remaining 400%, 2.2

etc (S. I Groto~y, contributed to the inc'easing atmi~ri C aho hs sesi qnic n nryitesvwt b

cornceutmiat o. This increase in the CO2 content Of the aaciph~e rsl htteapoc sopctdt o nterneoe30p

has led to concerns that this iwncrs will result in global 9Thnate tno abno 8 r o fCiscusnd

change, which, over time, can bave adverse effects on weather, se Thore are cmvironmenital concerns src w ol

level and human survivalt This concern has led to the I9M Pi0 adding a new chemical to the ocean floor, liqudC2 hc M

Treaty, the WOOC Worldng. Orovi~ and the K~yoto Protocol of I1997. Produc hydrates an other chemicals over bru Te- pemnneo

which Cal for a reduction Of emissions of 34% by 20501i and a the technology appears favorable since the 'tC to 1 rto 4
I $upwellint of deep oocan water indicates an average of about I

*lGt(>=3-67 GtC
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yc&r5 This V411 varY depending on the deep ocean current involved laeabvthtenone Thscnedneyfrtiyr
4 n

and its distan~~ from an upwelbng site, ~Pulses, so that the slower-growing animal lifec cannot mlil~
Ocean Fertilization 

ci~~~~~~~efectively before the diatoms have bloonted, died said MunblowplOcean Fenilizsio0 the thermvclme a per~~~~ I o ofls thn2 days.' The fraction of the
nother ablo ofpplone lise toa sqethen sin to the deep ocan by biomass produced that is Sequestered below the thermiocline has
c a u s n g a b l o o o f lant life that t h e n si n to t e d e Ma~b e e n m e a s z f l 4 It d eP e n d s p rm c ~all y o n th e a m o u n t o f man j a i life

bwhere It remains for about 1600 years. This Process is postsible avibltotthbomsad 
nentbaknoC),nte

because la~rge were of the ocean have eay s nue ln hviglybl oWgne sutrt e bims an Whnere ith bckbintoCo in the
mnutients and much less than expected phflltopL biMused path jnc thlremom fana]letesqutrdcrbni

so~coled NLC wters Tih difference is 1hat the HW'L waters bae aeowth10 oflrnarye product O"ionad consesthesouaily arof aima
dfcetin one or more Of the niCronutrica required for plants to pasocls oe n ftlples hr nimal if isabsnt

-grow. Wlile several essential metals may be involved in thet teratso mcayes gor as d highas pelletsueWtere&aia life i madse
limitatio of growth& in HNLO mcess, iron has been stown to be the inthe fratio j m ay go as e high ~ asrjooof*53% saequenster-
major imrniaoisi Generally, 100,000 moles of carbon biornass Cal th tUr~W aei~dthsmat~ti t
require u a6.nd meoles of afie blenitrogn,1,000 moles of soluble Jacultions We mutas etteWaod wehintn to farentil inou
phoephrom Since molfae Ocea Iavar able Wa.-The main duiflany is order to add the correct amnoxt aid mnix to polduc the Vpti..
theW iron. Since srtced toca waa ihyoyeaeay result TO achieve this we select the eatns for ferigtilzon to

sotc ba s ovetd oP with a half-life of about one hour include a strong, shallow tharmocline, tropical sonsieadhg
aind Prec1iprra5 as FcqOB)3, A shovel &fln of earth is about 5iS% nusr o hoohll(~C odtos hese wa 0' ca b
ban an theo ]ve. moles OfOean, OA the Other hand has found in the tropical pacfi nerteeu to othes atr canapbe
0.00, is how &o leds Jmaoltes ofin per liRte. The first problem, Islands. The cool WW'$d- ven Currents go direedly to the Wes before

t h e n , s h o w t o a d b a n Ot h oc e a n s o t h a t it w ill b e a v a ila b le to r c ~ t e L n s a d f P l n s a h s N C w t r a

the Phytoplankto (PIMMs) The phytoplankro thrslvs 'cd te' es Line 0. Isl Yands Of Plnsia.fi proprtio of wther can
organilc chelaiag compounds into the oen thatpoectntel irntda oeueteor abomt 0res4 fuels .hat sgiisot n$te d ntra fly. S.
is there from precipiadea Adding irni theatoxpnof a hels soP 

othat t dos notprecpitzt butremains availale for pleat I m-gyEprietfertilizaton can minic this natura~l we~cess, 6 An essental geentxperitenolog Tof ocantertl~to sai~ fCta tde m ay be in e s o r ct s pL y i n sop l uble t o ialndn s q e t~ t~ i tl in Its infa ncY. A ccurate estim ates of th e results
warns is phosphorous. most Phosphate we sotbe and m be Of coean fertiization ciannot be obtained from bottle experiments,

adde diecty t th ocan.Since the pbospbac, may an ack the ironL The iron tends to stic to the wals, icesn h ephs ya
cheksC, it may be necessary to keep the 0030*1tiations of both much as I100 times. Thrfroea oae ar lst sed in as9
fcflilie low. T'hs can be done by waddin than to the omean -to detein the repne The frt vo e in the equatroial
separatelye in the ton of nilQ flotin pel et s th prolease thes P S;IOnEX I, spread 880 lbs. of Fe as FeS04 on a 25 square mile

feriliingele~ert sowl ov apeithgod of days? This pr shs Patch M~illinig in an increase in pbytoplankteon, but no inesurnble
beqien tested in te Glf fMe xiowthgo rIsltsTe rainaing decrease in the C4O, content of the water. This '1ES due to the

In q ire es e n ial ele n~ t is fi x e d n itro g m n B l u e ree a lg ae o r, a s s k ~ f t e p t h t n n a n u j n o a r n ~ a e
they are more properly called, cyanobactaria hawe the ability to fix secndii voyage in the ner ine 'atud of bh qaorren PaMcifc wrter. A
mtirmgen, oidcn lo fntne ie ih supply this Spread 990 lbs., of Fe as PeSO4 on 28 square miles of the ocean

req uire m ent ~~~ ~~~~~ ~~~~~sz wf ace .'0 I nt " d er to mnit igat e the eff ect o f iron p recip itation , theWhen the ferdilier mixed with water is sadded to the clayr addd oefin thie114Inh on day zeec hs resut, in aloomt of
tropical ocma surface it mixes, rapidly in the winin waters; (the diaytom Thed oebloertophn iday eve, byia Wsuctor hiabl of27teswhe
mixed layer) and starts the phytoPea~nj bloontL The plani, d'the s paThe clrphusur wancreduced by a0 factr in the ptiek hl
miosrly diatoms, multiply rapidly, increasing their nmmbers: by twov to thCo atlWMUIRZW b90atniae th-,

nthree times per day, 'Mt"l they rim Out of one-. the requiredOcnFaig 
c.no GrecaVts Icha

unuientS. Ther then cease growing, lose the ability to maintahi umak two oes in& the-no frietdeple~a vtrop in.lhates o
sbkognly boand prsumPly sink the old, thne wthernscie.rTe tti he Gulf of MexicO- Voyage I was canred out in the Gulf of MexdcO
seaten b iy as i ssa tH an pd in t her cl, de s aar / er tI in early January 1998. Three, 9 &za re mile, pac e wacf ti z l

eate by niml lie ad batetThis SlowlY converts the biomnass on t rnoloewt rnad63 ptimes themlre iratio
back to CO, in the deep watets. Where high conccnttrhm of posp wt ton iOnlyO idton zfi ion and 6 35 imes the molar rtoo
biomass are generated and reach the ocea floor they arc covered by Picof phiors to iron: an ho e wirn- wasd in 5tie the fom mfa hlat
mudl and debris, leading to anoxic digestion. The methane prodneed opucitf-npxiarnadthposooswsinheoriscnetdto Methane hydratS by the high pressitre of the dep of propotect tfo PraTecepiatin and uther p ondihonos as iccthe ng a
Ocea. It has been estimted that there is twice as much deepn m fvphodeep thermoc The andm aihwnd, eather od then includito mi
the methane hydrates of the deep Ocean floor than all the careslrinl vMubn dep rapcidy andi vericaf anids horiznra th anpann
foss ihe'as comb ~injIt iS worth noting that the addition of CC, irk Muhe rMml was a bloom ofelrticatoms tod 4.3i2 time thenr piaieal
this low conemi-on-natura procSS is not expected tohaean hen ienu ins a litleovm onek diayAto rtathi=g iue

adverse eavfroinent impact on the cOcar ic now has e ahom 
toth 

s 
4 bot3. times thei initiachopylwn nta

times as much dissolved inorganc cmto whc oas th anspaTesetresutsn 
winatle ovi ng dapstv iniAftinoalrgbooW, Ocean it ~~~~er ntdeiitvead i ntprovide a verifiable nleasure of

Sinceo objec iveis to sequ s C oted e c a t phytoplanlaon increase over the period of the expected bloom of'
i produte that wspoezl byinim ale heProportion of the biomass tornt two week.prouce tht s Pocese byaniallife and bacteria Wi the mixing
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