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The Kyoto Protocol — Article 3.3

“The net changes in greenhouse gas emissions by
sources and removals by sinks resulting from direct
human-induced land-use change and forestry
activities, limited to afforestation, reforestation and
deforestation since 1990, measured as verifiable
changes in stocks in each commitment period, shall
be used to meet the commitments...”

Article 3.4 “...which, additional human-induced
activities...shall be added to...”



It is often assumed that the regrowth of the crop following
harvest of biomass will offset all of the carbon released from
the harvesting and use of the biomass. This might be true if
there was no loss of soil carbon and if the regrown biomass
contained the same amount of carbon as the harvested
biomass...In any case, there will be a time interval between
when the biomass emissions are incurred and when CO, is
taken up by growth. This interval may be a matter of months
for annual crops, years for short-rotation woody crops, or
decades if the biomass is from traditional harvesting of trees.

Kheshgi, Prince and Marland, Annu. Rev Energy Environment, 2000.



complement prior dudies that highlight the
imponance of shon- and medium-lved pol-
lutaris{ 141 7).

The i 10 paol lutanl-ge nerating activities
contributing 1o net RF {positive RF minus
negative B F) in year 20 are shown in the bot-
o chart, page 526), which takes inlo acoount
the emission of mubiple polluanis fom each
spuree sctvity (18] The seven sources that
appear only on the left side {purple bars)
would be overlooked by mitigstion sirategles
focusing exclusively on long-lived polluants.

The distinetly different sources of near
term and long-term RF lend themselves 1o
the afrement oned two-pronged mitgation
approach. This decoupling i3 convendent for
policy destgn and implementaton; wheress
the importance of long-term ¢limate stabd-
Hzation i3 ¢lear, the perceived urgency of
near-term mitgation will evolve with owr
luimwledge of the climate sysem. Additon-
ally, optimal nesr-erm mitgston strasegies
will reflect decada] osci lations {19, sessonal
and reglonal varatons (30, 21), and evolv-
ing knowledge of serosol-climate effect (22,
23) and methane -simmphere inberactdons
{Z¥p—cond derstions wque b0 the fesr term,

Thus, shon- and medium-Hved sounces
(black carbon, tropospheric ozone, and
methane) must be regulaied separaiely and
dynamically. The long-term mitlgaton ety
should foe s exclusively on Seady reduction
of long-lived pollutanis. A separate iresty
for short- and madium-lived sourees should
melude stndands that evolve bawed on peri-
odie reeommendations of an independent
intermational scientific panel. The framework
of “best available control tecnology™ (sret)
and “lowest achievable emissions rate™
(@ricter) from the 1S, Clean Adr Act { 24) can
b used 238 maodel.

Such a two-pronged nstitutonal frame-
work woukld reflect the evolving scientific
understanding of near-tem climate ¢hange,
the scientific cenainy around long-term ¢li-
mate change, and the oppomunity & sepa-
rae ly adjust the pace of near-term and long-
ferm it gation efforia
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CLIMATE CHANGE

Fixing a Critical Climate

Accounting Error
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Rulles fior & pplying the Kyoto Protocol and national cap-and-irade Lws contain 2 major,
bt fiesble, carbon scoounting flew in 2ssesing biosnemy.

compliance with cartbon Emis in the

Eyoto Protocol andin cimate legisls-
ton containg a far-reaching but fixable flaw
that will sevenely undermine greenhouse
gas reducton goals (1) I does not count
OO, emitted from tailpipes and smokestacls
wihien bd oenergy 13 betng used, bat it lso does

Th scoounting now wsed for asesing

T o Universiy, Frinceton, M] 03544, USA % mama-
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ot count changes in emisdons from land
e when biomass for energy 13 harvested o
grown. This acoounting emoneously tnests al]
doenergy a3 carbon neutral negardles of the
source ofthe biomass, whichmay cause large
differences innet em sl ons., For example, the
clearing of long-eashlished foress o burn
v o Lo grow e nergy crops 15 counted asa
100R% reduction in energy emisions degpe
cansing large relesses of carbon

Several recent udies esdinmate that this
ermor, applied globally, would creste arong
incentives to clear land a3 carbon caps
tighten One sudy (X)esimasted that a global
0y, gt of 450 ppm under this accounting
winld cause bioeneryy crops o expand o
displace virually all the world's natural for-
esis and savannahs by 265, releadng up 1o
37 glgatons (Gt) of OO, per year (compa-
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Goadbye to carbon neutral: Getting biomass footprints right

Eric Johnson *
Attantic Consulting. Obsigortenstrasse 14, (H-8135 Gottikon, Switzerfand

ARTICLE INFOQ ABSTRACT

Artice history:

Received 17 July 2008

Received in revised form 24 November 2008
Accepied 24 November 2008
Avallable ontine 24 December 2008
Keywands:

Carbon accounting

Binfusls

Sequestration credits

Carbon footprinting

LCA

Most guidance for carbon foctprinting, and most published carbon footprints or LCAs, presume that biomass
heating fuels are carbon neutral. However, it is recognised increasingly that this is incorrect: biomass fuels
are not always carbon neutral. Indeed, they can in some cases be far more carbon positive than fossit fuels,
This flaw in carbon footprinting guidance and practice can be remedied. In carbon footprints {not just of
biomass or keating fuels, but all carbon footprints), rather than applying sequestration credits and
combustion debits, a ‘carbon-stock change' line item could be applied instead. Not only would this make
carbon footprints more acourate, it would make them consistent with UNFCCC reporting requirements and
national reporting practice.

There is a sorong precedent for this change, This same flaw has already been recognised and partly remedied
in standards for and studies of liquid biofuels {e.g. biodiesel and bioethanel), which now account for land-use
change, Le, deforestation. But it is partially or completely missing from other studies and from standards for
feotprinting and LCA of solid fuels.

Carbon-stock changes can be estimated from currently available data, Accuracy of estimates will increase as

Kyoto compliant countries repart more land use, land use change and forestry (LULLCF) data.

1. Carbon footprints of biomass fuels: current
guidance and practice

Prominent guidance for carbon footprinting (Table 1) presumes
that biomass is inherently carbon neutral. Carbon dioxide emitted in
bi ombustion is ically excluded from carbon footprints.

Guidance from the World Business Council for Sustainable
Development and the World Resources Institute (WBCSD, 2004;
'WRI, 2006; WRI, 2007) recognises that presuming carbon-neutrality
is problematic, but it still excludes biomass carbon-combustion
emissions from its footprint definitions,

Most published footprint or life-cycle assessment studies take the
same approach; they automatically exclude carbon dioxide emitted in
the combustion of biomass, This has been reported by Rabl et al, (2007},
and it has been confirmed by the author. In an early 2008 survey of over
100 publications by 56 researchers about solid biomass fuels, 25
researchers were identified who had estimated footprints of wood fuel
(in log, pellet or chip form). Of those 25 researchers, only Birjesson and
Gustavsson (2000) did not presume wood to be carbon neutral,

Published studies presume carbon neutrality of biofuels in either of
two approaches: implicit sequestration credit or explicit sequestration
credit, Most studies apply the former approach, simply ignoring the
€0, flux within a biofuel {Rabl et al., 2007}, presuming that ‘CO; in
equals CO; out’, so using a net flux of zero. Others, such as Ecolnvent

{2003}, use the latter approach, off: oI

* Corresponding author, Tel: +41 44 772 1079,
E-mall address: ejohnsomPeoosite.co.uk.

0195-9255]§ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016].elar.2008.11.002

O 2008 Elsevier Inc. All rights reserved.

with a fon credit that is nearly equal to the
combustion emission. Either way, the biomass combustion footprint is
zero or close to it, i.e. carbon neutral,

Disaggregated carbon footprints, using both of these approaches to
carbon neutrality, are shown below (Tables 2 and 3), using figures
from Ecolnvent (2003) for forested logs used as heating fuel. In both
cases, for reference to a fossil fuel' they are compared to natural gas in
residential heating, again using figures from Ecolnvent.

2, Problems with current guidance and practice

Current guidance and practice are problematic for three reasons, It
defies common sense, contravenes UNFCCC rules and 150 standards
and ignores a large body of existing research.

2.1 It defies common sense

1f a tree is harvested for fuel, this reduces carbon stocks, However,
current approaches to carbon footprinting — by presuming carbon
neutrality - do not recognise this.

This is problematic, because first, as Rabl et al, (2003} point out,
this can lead to absurd conclusions: for example, if carbon neutrality is
presumed, it makes no difference to a carbon footprint if a forest is
standing or if it has been chopped down for fuel wood? Second,

' Fossil fuels do not recelve sequestration credits, either implicit or explicit, in
current guidance and practice,
* s long as the land use has not been changed, e the farest is allowed o regrow,
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Cumulative carbon [MgC/ha]
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* “the most effective strategy for using forest
land to minimize increases in atmospheric CO,
will depend on the current status of the land,
the productivity that can be expected, the
efficiency with which the forest harvest is
used to substitute for fossil fuels, and the time
perspective of the analysis.”

G. Marland and S. Marland, 1992
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Important letter to the EPA by 41 scientists
questioning biomass

1

. November 26, 2013

Mr. Joe Goffman Senior Counsel, Office of Air and Radiation, U.S. Environmental Protection Ageney1200

Pennsylvania Avenue, N.W. Mail Code: 6101A Washington, DC 20460
Dear Mr. Goffman:

We, the undersigned scientists, believe regulations governing how stationary sources account for biogenic
carbon emissions must be based on sound science and ensure adequate protections for forests and the climate.
We applaud the EPA for setting a high standard in making policy on thisimportant issue by seeking expert
scientifie input from the Science Advisory Board (SAB). We now urge the agency to follow through on that
process and embrace the central seientific principles underscored by the SAB as you finalize these accounting
rules, Doing otherwise at this juncture will fail the test of rigorous, science- based policy making and could
result in regulations that distort the marketplace towards greater use of unsustainable sources of hiomass,
with significant risks to our climate, forests and the valuable ecosy stem services they provide and we rely on.

In 2011, EPA initiated a science-driven process to develop a methodolagy for properly quantifying biogenic
carbon emissions from stationary sources under the Clean Air Act. As part of this process, the agency rightly
solicited scientific input by submitting a draft “Accounting Framework for Biogenic CO2 Emissions from
Stationary Sources” tothe SAB for review by an assembled Biogenic Carbon Emissions Panel, As now EPA
finalizes its biogenie carbon accounting rules, it must follow through on that process and adopt the science
panel’s key recommendations: 1) moving beyond the flawed assumption that bicenergy isinherently carbon
neutral; 2) rejecting the regional accounting method originally proposed in the draft Accounting Framework;
and 3) ensuring a scientifically -sound methodology for determining the carbon emissions impact tothe

atmosphere from burning long-recovery biomass feedstocks—most notably, whole trees.

First, the carbon dioxide (CO2) emitted by biomass-fired stationary sources has often been ignored in
regulatory contexts, usually on the assumption that biomass regrowth would quickly reabsorb the CO2
emitted by the facilities. Asthe EPA has itself determined, that assumption is misguided. The SAB issued a
clear rejection of an a priori assumption of carbon neutrality asit applies tobicenergy. This includes repeated
reference in the panel’s report to the considerable heterogeneity in biomass feedstock ty pes, sources, and
bicenergy production methods and thus net bipzenis savhon amiccianc imnante andincigtence on the need to

define carbon outcomes based on “what the atm Follow

The SAB’s findings are both informed by and echo recent advances in science and accounting for CO2 emissions



February 9, 2015

Sent via First Class Mail and E-mail

Gina McCarthy

Administrator, US Environmental Protection Agency
1200 Pennsylvania Avenue, NW

Washington, DC 20460

Dear Administrator McCarthy,

As the Environmental Protection Agency strives to limit greenhouse gas (GHG) emissions, it is
critical for the carbon accounting rules to be correct. Rules that improperly credit activities
for reducing emissions when they actually increase them create powerful perverse incentives.
We write to raise strong concerns about the November 19", 2014 memo from Acting Assistant
Administrator for the Office of Air and Radiation Janet McCabe (McCabe memo}, which would
credit use of woody biomass for energy with reducing emissions, when it actually increases
them. Because EPA can expect its accounting rule to be applied globally, it is likely to lead to
the additional harvest or conversion to agriculture of large areas of the world’s forests.

Burning biomass instead of fossil fuels does not reduce the carbon emitted by power plants. In
fact, as EPA itself acknowledges, burning biomass degrades facility efficiency and increases
day-to-day emissions over emissions when fossil fuels are burned alone. Growth of additional
biomass beyond business-as-usual or recovered from waste can help to offset those emissions,
but peer-reviewed science indicates this process takes several years to several decades. This
conclusion was the basis of a report issued by EPA’s Science Advisory Board (SAB) in 2012,
which criticized EPA’s 2010 Draft Framework for Biogenic CO; Accounting (the Framework)
because it would have claimed carbon savings for harvests of wood that diminished the
growth of forest stocks in the US and much of the world. By itself, diverting biomass from
existing uses in food, paper and timber cannot reduce GHG emissions (except at the cost of
food, paper and timber). At the same time, burning biomass, such as trees, that would
otherwise continue to absorb and store carbon comes at the expense of reduced carbon
storage.

The McCabe memo proposes to treat as “carbon-free” all woody or agricultural feedstocks so
long as they are derived “from sustainable forest or agricultural practices.” At maximum,
“sustainability” implies that forest harvesting does not exceed growth, which is a necessary,
but not sufficient condition for carbon neutrality, as found by the SAB. At minimum,
sustainability practices can help reduce soil erosion and other environmental impacts of
forestry or agricultural production. But such practices have little-to-no bearing on the carbon
implications of biomass use. Including such exemptions for broad categories of biomass fuels
in a final rule would not only encourage large-scale harvesting of wood to replace coal and
other fossil fuels but also place no limits on the diversion of the world’s agricultural land to
energy use, requiring conversions of forests and grasslands to meet food needs.

The potential implications of these exemptions are large because even small quantities of
bioenergy require large quantities of wood. For example, the US Energy Information Agency
estimates that treating woody biomass as carbon free with modest carbon restrictions would
result in an additional 4% of present US electricity from wood by 2035. That would require an
increase of wood equivalent to 70% of the US timber harvest, which for perspective would be
far greater than if we were to abolish all paper and cardboard recycling in the US. The
International Energy Agency estimates that treating bioenergy as carbon free globally, coupled



the Y chromosome in a single fly strain (ensur-
ing an otherwise common genetic back-
ground), They then screened a nearly genome-
wide set of genes and looked for differences in
genc expression in response to the substituted
Y chromosome. Because of high statistical
error tates when thousands of genes are scored
simultaneously, it is difficult to estimate the
exact number of aifected genes, but the esti-
mates are surprisingly high, ranging from
around 100 up to about 1000 (D, melanogaster
is estimated to have ~13,000 genes).

Lemos ef al, also detected several coherent
patterns among the Yoregulated genes. The Y
chromosome influences the expression of
genes that are more strongly expressad in
males, Genes regulated by the Y chromosome
are also more strongly influenced by environ-
mental stress (heat shock), and many are asso-
ciated with sperm development. Genes that
influence the mitochondria are also overrepre-
sented in the pool of genes regulated by the Y

Drosophila afinis in which the Y chromosome
is not required for fertility. In this species,
males with no Y chromosome (X0) sire 25 to
38% fewer offspring when competing with
XY males (5). The study by Lemos et al. pro-
vides a mechanism for the large fitness advan-
tapge of XY males, cven when vital fertility
Factors are absent on the Y chromosome: The
Y chromosome has evolved to b a

PEREPL

The next stage in understanding the newly
discovered regulatory powers of the Diosopf-
ila’Y chromosome will be to characterize the
genetic mechanism(s) underlying their influ-
ence, It will also be interesting to see, in flics
and other species, whether genomic compo-
nents that are only transmitted through the
matrl]ule. (mitochondria and eytoplasmic

major regulator of gene expression in males,
If the Y chromosome is such a strong
regulator of genes in males, then why have
past studies found so few Y-linked traits in
humans and flies? The Y chr may

bionts) have evalved to strongly
influence gene expression in females, The
study by Lemos et al. further suggests that it
will be important to test whether the human Y
chromosome also has evolved to become a

have evolved to modulate rather than turn
on or turn off gene expression. Its effects
may therefore be continuous rather than dis-
crete and thus more difficult to detect than
the more distinct phenotypes associated
with loss-of-function mutations. As the
power of quantitative trait locus analysis

chromosome. In addition, affected genes are
mare evolutionarily dynamic in terms of poly-
maorphisms for gene expression within the
species, and more diverged from a clam.ly

, the pl pi ifestations of
the genes regulated by the Y chromosome
discovered by Lemos ef al. may become
more apparent.

i y giant.
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related congener (Dy hil
Tt is now well cstablished that a ]arge pro-

portion of the genome is expressed at different
levels in males and females in many organ-
iams (3), and the patterns found by Lemos ef
al. fit well with what would be expected for Y-
linked regulatory genes, Whereas the Y chro-
mosome spends every generation in males,
the X chromosome and autosomes alternate
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How Green Are Biofuels?

Jirn P.W. Scharlemann and William F. Laurance

tany bicfuels are associated with lower greenhouse-gas cmissions bul have greater agrogte

between the sexes across g A muta-
tion favoring males that is located on the X
chromasome ot autosomes can therefore only
accumulate when selection in females is con-
cordant, absent, or not too strongly discordant
(4). However, this restriction s removed for Y-
linked mutations because there can be no
counterselection in females. Even when a
mutation results in a phenotype that is exclu-
sive to males, it will have an advantage if Y-
linked because, unlike the X chromosome and

L costs than gasaline.

lobal warming and escalating petro-
Gleum costs are creating an urgent

need to find ecologically friendly
fuels. Biofuels—such as ethanol from corn
{maize} and have been 1
ingly heralded as a possible savior (1, 2). But
others have argued that biofuels will consume
vast swaths of farmland and native habitats,
drive up food prices, and result in little reduc-

autosomes, the Y ¢l is 1
(and hence selected) in males cvcry gene-
ration (see the figure). The ¥ chromosome
therefore represents a favorable plail‘orm for

tion in greent gas (3-5). An
innovative study by Zah et al. {6), i

Europe (8) consumes more energy than it pro-
duces; others suggest a modest net benefit (2).
Rd.atm. to pctrolt.um, nearly all bmfucls
£as emissions, 2lthougl
crops su.ch as awitchgrass easily outperform
corn and soy (9). Such comparisons are sensi-
tive to assumptions about Jocal growing con-
ditions and crap by-products, but even more
important, their focus on greenhouse gases
and energy use is too narrow,

sioned by the Swiss government, could help to

The ar that support one biofuel
crop over another can easily change when one

resolve this debate by providing a detailed

that improve male gene exp

As many Y-linked genes have degenerated,
should we expect the Y chromosome to
inevitably be lost altogether? Not necessarily.
As the number of functional genes on the Y
chmmosome declines, the efficacy of natural
| on the genes.
Decay of the Y chromosome therefore slows
down over time and can ultimately stop alto-
gether. The fitness advantage of a highly
legenerated Y cl igill 1 by

of the | costs and
benefits of different transport biofuels.

their full envire | effects. A
key factor affecting biofuel efficacy is
whether native ecosystems are dc:.rruycd 0]

To date, most efforts to eval different
biofuel crops have focused on their merits for
reducing greenhouse-gas emissions or fossil
fuel use. Some studies suggest that corn-
derived ethanol in the United States (7) and

The zuthors are at the Smllhsonlan Tropical Research
Institute, Apartzda 0343-03092, Balboa, Ancdn, Panama.
E-mail: jscharl fl.eam; b iedu

duce the bi For ple, rega
of how effective sugarcane is for producing
ethanol, its benefits quickly diminish if car-
bon-rich tropical forests are being razed to
make the sugarcane ﬁclds thcrcby causing
vast g g2 (4).
Such comparisons become even mare lop-
sided if the full environmental benefits of
tropical forests—for example, for biodiversity

www.sclencemag.org SCIENCE VOL 219 4 JANUARY 2008

Published by AAAS

43

2]
[=]
=1
o~
<
[
[
=
=
A6
3
[=
o
=]
=
<
&
5
5]
[~
2
[+
o
:
5
=
he]
a
g
T
=
=3
(=]




. — R e O

The Bloft;els Conundrum

0D NEWS; FOLLOWED BY A PROBLEM. MAN
wifhin the United States, are finding

llprass prai oSt
sueceeds a long history.of dual-purpose-farm: legislation; in-which pri
duction objectives are mixed with rural welfare goals.: Refineriés now
“number well ‘over 100 with more being aidded rapidly, as farmets pan
- - eultivation into lands formeérly-set astde: for conservation and- S0
» beanis (o makeroom for eorn, Bven if dorn could-yield 30% of the equiv.
alent energy of gasoline (the goalsat by, thié-Sceretimy of Energy)i-thav:
- wienld ereate awhale array of collateral distortions. One would be its envi
i ronmental impact in the United States. Another would be distortion-of .
o - w the price structure of an important grain commodity that is traded in world -
. Vi g, ¢ 1d used in livestock fon: Will that make maize or meat
. morépffordableste poor countries that mustimpozt it; or to the pooy
‘peeplewho need to buy it? Not likely ot D

; e e during his *Chavez shadow tour” of South Ameriea in March. Of doutse; 1U8:
St i, Imstmmpnrttlhx valuable product;. whmhnuwwnums}omquurtumﬂha.gmmd ~transpo !
1 Hraa -2 tion fuel in Brazil; Despite such hopes;ysome senators supporting alcohol-from-corn have
- helped lay a heavy U.S. protective tariff on Brazilian aleohol derived from sigar T we gt ridiofi
that; itwould reduce total carbon emissions, though onlyif Brazil could. ems.ndll.s pmductlbn
¢ sutma.ntlally. Is there mmmmpmm?a ,,nuth.mg‘s Wi b s ey
- Sugar alcohol is better than com alcohol, it palm ofl is gven better in yuur rank (ﬂiough not
inyour martini)/lts relatively high energy efficiency per unit yolyme makes ita/good biodieséh
) CLnT e fuel: Trucks earrun:entirely onpalmrofl; although-tis usuall rmxed wnh.mnvunuoneiLl‘assl
. o " fiiels. A large-sdalé effortis underway to convert Tands in Indonesia topalin oil'g
et agricultare, with plans:te double cureent production in'a few years. But dgaing the: eﬁ'ort hasa’
‘downside. Not anly will the needed sainforest destruction (by burning) pm‘lly cancel'any cnergy

: ad\ﬂrl&gempplwd bythe'palmo:l hwtthe . ion will‘also ‘_ sl g andﬂther
E Cian e e mehmcoursnmmahmckmlhmuluhuuiamnn and mw,sl:&:rmuSlym ad]ruotappronch
it : i H AsUms Samemllapomtedﬂmmlhls space,* the conversion of ¢ellulos (wm'

stover, wood chips) has 4 far higher 'potenua] for fiel mﬁduohonlha.n any af the above biofusls, «
The challenge is biochemicals Plant lignins (m.lw.lc, the cellulose cell walls; they mustbe -
ed, and then th flogy of cellul o i ieeds to be worked out. The technol -
ogy is uumplex -+ No commercial reactor has ygt been bilt, though six are funded. Some hope
has been raised by new commitmients, like the $500 miilJion joint project between British Petro-
leuim and the Universities of California and Iinois. Nivertheless, as Somerville notes, the
sobering reality is that whit the U.S. government spends o all of plant physiology is onlyme— i

lundredth of the research budget of the Nahnnnl l.nslll.ulcs of Health. Thalk far too little For a
venmre Ihls lrnpur:am ' Ly
i oY el - -Dtmald Kennelly
) : o lOl‘iZﬁfsa«mﬂlmTB

CREDMPJUPITER IMAGES

"L g Somatille, Sclenice 312 1277 (2008): 48, F. Service, Sciénte 315] 1488 (2007). i A A

wwwisciencemag.org  SCIENCE  VOL 318, 27:APRIL 2007 _ _ T B1E




Climatic Change
DO 10.1007/s10584-007-9386-5

Large-scale biomass for energy, with considerations
and cautions: an editorial comment

Gregg Marland + Michael Obersteiner

Received: 9 October 2007 / Accepted: 2 November 2007
@ Springer Science + Pusiness Media B.V. 2007

A decade ago, Vitousck et al. (1997) wrote of “the human domination of Earth's
Ecosystems” (see also Vitousek et al. 1986). They noted that “most aspects of the structure
and functioning of Earth's ecosystems cannot be understood without accounting for the
strong, often dominant influence of humanity”, and they estimated that one-third to one-half
of the Earth's land surface had already been transformed by human action. Most recently
Haberl et al. (2007) have estimated that humans are “appropriating” 24% of potential,
global, terrestrial net primary produclivity (NPP). That is, of the plant cover that would
exisl on Earth in the absence of human intervention, humans, through harvest or
productivily changes, have affected NPP by 24%. Cassman et al. (2005) eslimated that
27% of the global land area (not counting Greenland and Antarctica) is now covered with
cultivated systems. Of course, humans impact the terrestrial biosphere even more broadly
through indirect impacts like nitrogen deposition (see, for example, Magnani et al. 2007).

Humans have altered the land surface to provide food, fiber, a place to live, a place to
work, and a place to play; and for the extraction of resources from below the surface, and
for some modest amounts of energy. With the prospect that our principal current source of
cnergy (fossil fuel) is leading to an unacceptable impact on the Earth's climale system, we
now ask whether it is possible for the terrestrial biosphere to supply carbon-based fuels for
both our bodies and our machines? Read (2008, this issue) describes a vision in which
management of the biosphere would provide enough fuel to avoid the continuing and
growing use of fossil fuels. But it is not now clear if his vision is a dream or a nightmare.

The dream, of course, is the possibility of fueling industrial society without the risk of
what Read characterizes as “abrupt climate change™—that is without encountering “a
threshold or tipping point for some kind of non-linear, possibly catastrophic climate event”.
The nightmare is the possibility that the ecological and social consequences of enlarging
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It has been argued (by some) that a project that stores carbon temporarily has no value.

carbon stored

time

But how about a portfolio of these projects. Would there be no value to the
program as a whole, which is not temporary?

carbon stored

time
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