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Use of U.S. Croplands for Biofuels
Increases Greenhouse Gases Through

Emissions from Land-Use Change

Timothy Searchinger,'* Ralph Heimlich,* K. A. Houghton,® Fengxia Dong,* Amani Elobeid,*
Jacinto Fabiosa,” Simla Tokgoz,® Dermot Hayes," Tun-Hsiang Yu*

Most prior studies have found that substituting biofuels for gasoline will reduce greenhouwse
gases because iofuels sequester carbon through the growth of the feedstock. These analyses
have failed to count the carbon emissions that eccur as farmers worldwide respond to higher
prices and convert forest and grassland to new cropland to replace the grain (or cropland)
diverted to biofuels. By using a worldwide agricultural model to estimate emissions from
land-use change, we found that com-based ethanol, instead of preducing a 209 sawings, mearly
doubles greenhouse emissions ower 30 years and increases greenhouse gases for 167 years.
Biofuels from switchgrass, if grown on U5, corn lands, increase emissions by 50%. This

result raises concerns about large bicfuel mandates and hightights the value of using

waste products.

ost lifc-cycle stsdics have found that

replacing pasoline with cthanol mod-

catly rechuces procmlowse gases (GHCS)
il adie: from corm and substantially if made from
cellulose or suparcane | 7). These studies com-
parc cinissions from the soparaic stops of gow-
img of mining the foodstocks (such & com o
crude oil), rofining them into fucd, and burming
the fucl i fee vohicle In tese stapcs alone
(Table 1), com and cellulogic cthanol cmissions
cncaid of mlch those from fossl fucls and there-
fore produce no greenbouse benefits. Bul bocase
erowing beofucd foodstocks romoves carbon &i-
o froi the atrosphone, iofucls can in ooy
roduce GlHE elative o fossil fsck. Shodics as-
sien biofucls a crodit for this soguestration cffoct,
wihich we call fhe foodstock carbon uptake caedit.
It is tyically barec ciough that overall GHIO cins-
gions from biofucls arc lower than those from
fossil fucls, which do not rocsive such a coadit
boecause they take iheir carbon from the grousd.
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For maost biofucks, growing the foodstock ne-
quircs lamd, =0 the crodil represenis the cartbon
benelit of devoting land to bsofuck. Unfortunate-
by, by exchading cmissions from land-use change,
ol previous accountings were one-sidod  be-
cause they counted the carbon benefits of using
cabon storage and soquestration sscrificod by
diverting land from its cxisting, uses. Witlout
biofucls, the cxtent of cropland reflocis the de-
risand for food and fibcr. To produce biofucls,
farmecrs can dircetly plow up more forest or grass-
band, which relesics to the atmosphere much of
the carbon previously storsd in plants amd soils
through docomgposition or fire. The loss of meatr-
i forests and erasslamds also forcpocs ongoing
carbon sojucstration as plants grow cach yoar,
and this Forcpone soqucstration i the aguivalent
of additional cmissaons. Alcrnatively, farmees can
divert exisfing crops of croplamds into beofucls,
which causmes simudlar coasgions indircetly. The
diversion triggors higher crop prices, amd farmcers
around fhe world respond by clesning mose forest
and grassland to replace crops for food and food.
Stucicss have confirmcd that hiehoer soybean prices
acccderate cleaning of Brazilian easnforcst (f) Pro-
joctid com cthanol in 2016 would we 43% of e
LS. com land harvesicd for gradn in 2004 (/)
owerwlclmdngly for livestock (V) roquinng big
band-use changes o replace that prain

Because cxisting land uses alncsdy provide
carbon bemefits in storsec and soquestration (or,
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in fhe case of croplamd, carbolydraies, proicins,
and fats), dodicating Land o biofucls can poben-
tially roduwes: GIHCE only il doing so ncicescs the
carbon benefit of land. Proper scoountings maust
pefloct the not impact on the carbon benefit of
land, mot mercly count the gross bencefit of wsing
kand for biofucls. Technically, o gencrale grocon-
house benefits, the carbon gencrabod on land 1o
displace fossil fucls (fhe carbon wptake cnodid) st
cxoood the cafbwon sorsee and soquestration given
up dircetly or indirectly by changing land wses
{the cimisssons from kandese change) (Tabde 1)L

Many prior stsdics have acknowlodpod but
Eaibed o coumnt cmissions oo kand-use chonge be-
cause they ane difficult to quastify (1), One prior
quantification lacked formal agriculiural mod-
cling and other features of our analysis (f, 10). To
cutimmate band-use changes, we wial a worldwide
model fo project incrcases in cropland inall ma-
Jor tcinperate and sugar crops by country oF fe-
gion (28 wol as changes in dairy and livessock
production) in response o a possible incrcEs in
L5 comn cilsanod of 56 billion licrs shove pro-
Jocted levels for 2006 (£, 12). The model’s his-
toncal supply and demand clasticitics were updsiod
o refloct the higher price regame of the past 3 yoars
and 1o esapiure: cxpoctod long-roan oguilibeim be-
havior (ML The anslyss identifics key facdors that
determine the chaee n cropland.

1) Mew crops do not lave to roplace all com
divericd o cthanol bocase the ctham by-peoduct,
dry distillers’ prains, replaces roughly one-thind
of the animal foxd otherwise divertod.

2y As fud demond for com inereases amd
soybean and wheat lands swiich o comy, prices
imcrcs by %G, 2%, and 1% for com, sov-
boans, and wheat, respectively. These incrcases
modestly dopress demand for mcst and other
grain products beside ctlsamol, 2o a small pereeit-
age of diverted grain i nover roplacad.

1) As mofc Amcnican croplands support
cihanol, 115, spriculiural cxponts docline shamply
{comparcd io whal they would otherwise be at
the timc) (com by 62%, whcat by 31%, soybeans
by Z8%, pork by 18%, and chicken by 129%).

4) When other countrics roplace 1ULS. exports,
farmers miast poncrally cultivate more land per
ton of crop bocauss of lower yiclds

Farmcrs woubd also try 1o boost yiclds thiowgh
bezvs their own cinviromimental ciiocts), but foducsd
crop rotstions and greater reliance on marginal
kands would depress yiclds, Our analyse assumes
that prcscint growth tremds in yiclds aoatimes: but
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ithat positive amnd nopative cffcots on yickls from
baofucks halane: oul.

Wi calculated that an cthanol increase of 56
billion lilers, diverting com from 128 million ka
of L5 cropland, would in turn bring. 108 million
ha of additional land into cultivation. Locations
wiould imchade 2B million ha in Braxl, 23 million
ha in China and India, and 2.2 million ha in e
Unitod Staies.

Caroenhowse congssions will depend on the type
of lands convertod. We asigned fhe now arop-
land in cach region to diffcrent types of forest,
savanisaly, of grassland on the basis of the pao-
portion of cach coosystom comvertad o cultiva-
tion in the 1990s and ssswmod that comversion
cinils 25% of the carbon in soils (13, 14) and all
carbon in planiz, which muest be cleansd for cul-
tivation. For moture foresiz in carbon oquilibri-
um, we oaly calculatod cimissions from ghe initial
comnversion. For growing forests, we atiributed
ciniggions o biofucks ogual 1o e cabon dwosc
host forcsts would no longer soagucster owver 30
yoars (adjusted for distebances like fire), Owr
catimmates of the carbon content of ooosyicins
compare rowehly o figees cied by the Inder-
govermmcntal Pancd on Climale Change (TPOC)
(1 5). Owr analysis docs not refloct the full oppor-
tunity costs of uwsing lands for biofucs, which
inchade the additions] carbon lands could store if
mamagod optinslly (c.g., through reforcsiation),
but oily the carbon lamds would otherwise storc
i thear existing wse, Owr imcthod yichdod an aver-
ape CIHG amisgion of 351 methic fons por con-
veriod hoctare (00, oquivalent).

W allocaied the iotal cmissons for all con-
veriod land inky emissions per M of fucl and
factorod them indo the GREET model (Table 1)

GREET provides a commmonly wsed lfosycls amal-
yeis of GHG cmissions from the different stages
o o] snd gasoline peoducton (3-5), and s de-
with com cilanel odeces GHGS by 200 in the
2015 seemanio cuchoding bnduse clampe (5, o)
Az land pencraics mone cthanol over years, the
roduced cmissions from s wse will oventually
offeed the carbon debi from land-use change,
which mostly ocours quickly and is limided in our
analysis to cinissions witlin 30 years, We caleu-
Rated theat CRHTG savimgzs from oom cihamod woukd
oqualize and therefore “pay back™ cabon cmis-
siois from land-use champe in 167 yoars, mcan-
i, GHG mercase until the and of feat pomod.
Crvicr a 30-voar pomd, counting land-use change,
CilHICE cmissions from com cthanol nearly double
those from gasoline for cach km driven (Tablhes 1)
[We chose 30 years bosase roductions of groon-
howse gases in that period will be both difficult o
achicve and important W avosd irmeversible ad-
vorse cffeets from dimate change (/7)) amd be-
canse clhanol is typically viewod & a brdge o
i transformative cictey tochivologics. |

As part of our scnsitivily analysss, we found
that, cven if com cthanol caused no cissions
cxcepl those from land-use change, overall GHG=
would still imcrease over a 30-pcar perod (5. We
alko hypothesinsd a scemano m which (i) in-
crceod cihanol and higher prices spur cnough
vicld incicases boyosd cumment tremds 1o supply
2% of the replacsment grain; (il) crissions. o
ha of convertod lamd s only half of our cshi-
risatcs, and (i) improyod tochnology allows corm
cileamcd to reduce GHOS conypaned with gasoline
by 40% cxcluding landuse clamge. In thal see-
mario, the payback penod would last 34 years,
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wihich mcans cmissions modestly incrcse over a
A0-year peniod (M

By the workings of owr maodel, the cimission
frowm landurs chiaigee por wiil of ethanol would be
siimilar repasdless of the cthamol inonsesse analyaosd.
For cxample, a smaller cthanol incrcase of 3Mub
hillion lers had only modestly different resulis,
with cimissions from bnd-use change por MU of
cthanol |0 lower (). Far larper biofucl incrcases
could champe the magnibude of resulis in wnclear
wianys Thest wiould require modification ko the nodel.

Alihough these cstimates face several uneor-
taimtics, the pomcral fimding flows from theees o
liable projoctions. Farst, Barmerns will replace most
of the grain diverted from food and food by
cthano| bocaec the demamd for overall food amd
food, as opposed o any particular grain, B n-
clastic (18). Scoomd, incrcasces in cropland will
provide most replacement grain bocawse they arc
cost-cifoctive and fast, the yicld cffocts of biofucl
demands arc both positive and nepgative, and the
world has many convertible acees: up o 170
million ha in Brazl alome (79, 20 and porhaps
28 billion ka worldwide (25). Most significantly,
the potential cnissions por bectare of kamd con-
worsion prcatly cxeood the anmual grecalouse no-
ductions per ha of biofuck. According o GREET
and ai 2005 wiclds, a ha of eom for cihanol
reduces GHGs by 1.8 mofric tons ha ' year
(O, oquivalent), but cach ha of forest eon-
wortod s up-front codssions of 604 to 1146
et tons (varying by type amd matonity), amd
cach hoctare of grassland or savannah from 75
to 5 meetric tons (). IF now cropland replaces
any substantial fraction of divertod cropland, the
payhack period for these up-front cmissions waill
b boiee, {oven without counting forceon: anmsal

Table 1. Comparison of com ethanol and gasoline greenhouwse gasses with and without land-use change by stage of produdtion and use {grams of
GHGs CO, equivalents per M) of energy in fuel) (24). Figures in total column may not sum perfectly becawse of rounding in each row. Land-use change
was amortized over 30 years. Dash entries indicate “not included.”

Net Land-use effects

Vehicle Feedstock carbon e Chamge in
aper ation uptake from Land- net GHGS
Source of Making Refining {burning atmoaspherns L Total YErsus
fuel feedstodk fuel fuel) (GREET) chamge GHGs gasoline
Gasaline +1 +15 +72 a - +92 -
+71 —2101%s

Caarm +135 +47 %

ethanal <7 D T8 &2 B without without

credit credit

Cam

ethanol

plus land

use change +24 +40 +71 —fi2 +104 +177 +33%
Biomass

ethanal

(GREET) +10 +7 +71 —&2 - +27 — 0%
Biomass

ethanol

plus land

use change +10 +7 +71 —f2 +111 +138 +50%
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soquestration ). Thas result makes intutive sonsc
bocause potential biofsel benefits onginate in fhe
amnual carbon uptake from growing a foadsiock,
but growing that feodstock will typically reguine
up-frond redease of carboa previowsly soquesteeed
o land over docsdes.

This analysis has implications for other bio-
fucls. Cellubosic cthanol could wic wastes that do
not irigger land-wse change. But if Amcrican com
fickds of average yicld were converted to swilch-
erass for cilamol, replacing that com would still
itrgper cmissons from land-use change that would
take 52 vears to pay back and increase cmissions
over 30 years by 50 (7).

Eihamod from Brazilian sugarcans, based on
catimated GHOG reductions of 86% cxcluding
land-use chamges (@), could pay back the up-front
carbon cmisssons n 4 years if sugarcanc only
convorts tropical grazing land However, if dis-
placed ranchers convert raandforest to grazing land,
the payback penod could risc to45 years (1), The
cxtranrdinary productivity of Braslian sugancanc
mcrits spocial futue analysis.

Even il exesss croplands in the United States
of Furope bocame available becawse of dramatic
yichd improvements boyond cxisting tronds (2.2)
of the relese of agnculueal reserve lands (7),
bsofucks would stll not avoid cmissions from
land-use chagee. Trly excess croplands would
revert cither to forcst o grassland amd soquester
carbon. Use of those lands instcad for biofucls
sacrifices this cabon benefit, which could cxeced
the carbon saved by wsng the same land for bio-
fucls (24 In addition, cven ag aopland decdined
in Burope in recent yoars, changing foshmolosy
and cconomics led cropland o cxpand indo
forcst amd grassland in Latin Amcrica (24)
Higher prices triggered by biofucls will acscl-
crate forcst and grassland conversion therc
ewei if surplus croplands exist clsewhere. Most
problematically, cven with lafpe incrcases in
yichds, croplamd must probably consume hun-
dreds of millions moree ha of grassland and forest
o food a nsing world population and meat con-
sumption {21, 25), and biofucls will only add io
the demand for land

This study highlights the value of biofucls
from wasic products (26) bocause thoy can avoid
land use clamgs and its amissions. To avoid knd-
use champe aliopctler, biofucls must we carbon
that woubd recater the atmesplcne without doing
uschul work that neods o be replacesd, for cxam-
plc, mumicipal wasic, crop waste, and fall grass
harvests from reserve lands. Algac grown in the
desent or foodstocks producad on lands that gen-
crate litfle carbon today (27) might also keep
land-use clesnge cinissions low, but the shility 1o
produce biofucl fondstocks abundantly on un-
productive kamds ramains questionable

Bocasce cnissons from bBnd-ese change anc
likcly o oocur indiroctly, proposed covironmental
crilcnia thet focus only on difoct Banduse change (7))
dircctly on forest or greshand would cncoursec
biofusd processors o oy on existing aoplands,

29 FEBRUARY 2008 WVOL 319

but farmers would nreplace aops by plowing up
oow lands An cffoctive sysiem would have o

gsarantos that biofucls wuse a foodstock, such as a
wizste product, of carbon-poor bands that will mot
trigger larpe amissions from land-use clange.
Counterscting incrcascs in biofucls with con-
irods or dissncentives agasnst land conversion woukd
not only face prest practicsl challeages but also
have hamh soctal comsmquences. In our analysis
a diversion of 128 million ha, edhcrwisc gen-

crating 10%% of the world's feod grain by weighit,
would roduce world consumption of meat 0.9%
by woight and dairy products 0.6% (fluid milk
cquivalonts) (). This cffoct, of which anowmd half
reflects pooser dicis in developing countrics, de-
prcsscs cinissons and has a GHG “henefit™ but
probably nod a desirable one. Effcctive controls
on land conversson would constrain the magor
source of mew supply o modd mcrexsad biofucl
demands, nesulting in less additional croplamd and
higgher prices &5 markets sock ogquilibrivim b that
cvent, more gRecihouwss bemelits would stem in
resality from poduced food comsumgition

Lze of good cropland to cxpand biofucls will
profxsidy cxscerbate plobal warmdng in a manmcr
similar to dircctly converting forcst and prass-
bands (290 Az a corpllary, when fammers wse
todday’s good cropland to producs food, they help
b avert GHOE froim land-use clange
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