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Executive Summary

How does demand to use land to produce food for people and livestock contribute to deforestation, ot
land use conversion, and the associated releaggr@énhouse gasd$HGSs), and how might different
strategies to meet that demand fdood protect forests? These questions require attention as
AYOSNYIFGA2y Il f F2NBad LINRPGSOGA2Yy STF2NIla akKATi
vulnerable forests, (by paying countries to protect them), toward addressing the forcesahse
RST2NBaGl A2y 602FGSy OFftfSR (KS GRNAGSNBR 2F R
deforestation and as a result, strategies to reduce forest loss can include goverantentarketdriven
measures to boost yields on exigti agricultural lands so as to reduce demand for new croplands and
pastures, as well as efforts to reduce food waste to hold down demand growth overall. But researche
dispute the impacts on deforestation rates of increasing agricultural yield. Somar@onstudies assume
that boosts in agricultural yield, anywhere in the world, would-seitiently save forests (because demand
for food could be met on existing agricultural land), while another camp argues that yield increases ca
actually increase defestation in developing countries. By 2050, global demand for food and feed will i
rise by 75% or more from current levels due to population growth and growing demand for meat and o
resourceintensive foods as incomes improve. This growth megisseissential to identify strategies to
enhance food security without deforestation, if we are to protect forests for future generations.

This paper analyzes recent studies and some of the latest available data to address several of the ma
issues raied in the debate over how to reduce deforestatidhemphasizes the importance of addressing
demand for land, and the limitations of forest conservation strategies which fail to address agricultural
drivers of deforestation, as well as the negative imgamt other natural habitats and their carbon stocks
that can result.Many studies underestimate the role of the demand fgriaulturalcommodities in the
clearing of forests and release of the carbon they store; many also miss the fact that focusiog only
forests may redirect that land pressure toward clearing other carbach lands; and others fail to fully
appreciate the challenges of meeting new demands for food or the potentially significant consequence
the growth of biofuels. On the other hd, strategies to boost agricultural productivity in the developing
world, while extremely important to redress hunger and boost rural incomes, by themselves will not
protect tropical forests and may even lead to further forest loss unless coupled wéhktfprotection
policies.

Both demand and supply factors influence deforestatitmevitably, the level of deforestation will respond
to both the demand to clear forest land for agriculture and the supply of that |&nand for new
agriculturalland dgpends both on the total, global demand for agricultural products, and on the ease an
cost of obtaining those additional products from existing cleared land. The supply of forest land for
agriculture which in economic terms means both its quantity and tlests of converting and using it to
produce agricultural products, depends on many facttnese include distance from roads and other

government infrastructure, the strength of legal restrictions and the costs of physically burning and cles

forest. In eality, thesefactors influence each othefor example, as agricultural demand increases the
potential value of forest conversion for crops, government pai@y often attempt o facilitate that
conversionAddressing demands for land for agricultyoabduction is therefore necessanyot only to
reduce the immediate economic signal to the private sedbot alsoto reduce pressures on governments
¢ both honest and corrupt to make forests available for conversion and harvest.
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Demand for land for foodnd animal feed has land use implications for forests and the climate that go
beyond the net change in tropical forestfhe conventional way of estimating GHG emissions from land
use change assigns virtually all emissions to tropical deforestatiomeaedt estimates using that

approach placed annual emissions between 2000 and 2005 at 1 to 1.3 gigatons of carbon from
deforestation itself plus another0.3 gigatons from drainage of forested peatlands in Southeast Asia. Singe
the vast majority of thisrbpical deforestation leads to agricultural land uses, that appears to implicate
rising agricultural demand as the cause of all of this conversion and cap its potential contributioth 28010

of global greenhouse gas emissions from all sources in 2005.

In fact, the true story on a global level is more complicated and implies an even larger role for agricultural
demand even as other forms of demand are also important. As forests reestablish themselves on
abandoned agricultural land, or regrow from loggithey absorb carbon dioxide (sequestering carbon in

their living material) from the atmosphere and therefore act as carbon sinks. Deforestation due to
agricultural conversion and logging releasmrbon dioxide, and is a sourafecarbon emissions. The

estimates of emissions from land use change in fact represent the balance of carbon release and new
carbon sequestration from a shifting mix of land use alterations worldwide: deforestation, reforestation'of
abandoned agricultural lands, new logging, aedjrowth from old logging. By one recent estimate, globa
forests sequester roughly 4 gigatons of carbon each year on a gross basis, while deforestation and logging
release perhaps on the order of 2.8 gigatons (not counting peat emissions), resukiimgifiorest carbon

gain of perhaps 1.2 gigatons per year. In areal sense, every form of new demand for agricultural landithat
leads to these releases of carbon (and every demand for logs from natural forests), contributes to
emissions. And when grovgragricultural demand keeps land in agricultural production in countries where

it would otherwise reforest (such as Europe), that expression of demand also increases the amount of
carbon in the air. Overall, were it not for growing agricultural demamel global carbon sink would be

both much larger and growing faster.

Among the reasons forest protection efforts alone cannot reduce emissions from land use change is tight
such efforts by themselves would-terect agricultural production pressures into thands and savannas.
Estimates of land use change emissions have only recently started to include roughly 0.3 gigatons of carbon
per year from conversion of peatlands in Southeast A§ietlands and savannas are likely to become foca
areas for agricultual conversion, particularly in Africa.

Yield gains are inherently necessary to meet new food and feed demands without expanding agricultufgl
lands. An FAO projection of new cropland to meet the food demands by 2050 provides reasons for bot
hope and caution. By that year, the FAO projects cropland in developing countries will inzyd2€e

million ha, while cropland in developed countries willdme by 50 million hectares, resulting in half of the
annual rate of cropland expansion of previous decades. Holding down cropland expansion to this rate
seems achievable because it requires absolute yield gains at roughiyitde the rate of previos

decades. Conversion of forest to pasture, particularly in Latin America, has also led to more than half @f net
tropical deforestation in recent decades, and studies haestamated high potential for pasture

intensification as an alternative to additiohdeforestation. However, there are also reasons for less
optimism, which include declining yiefgintrends for wheat and rice in higfield regions, far less water
available for new irrigation, depletion of many important world aquifers, the effectdimfate change

itself, and above all, the need to produce more of this food in lower yielding regions where food deman@ds
will grow.




Regional deforestation highlights the importance of yield gains. l¢Saitaran Africa, the population is
likely to gow by 230% by 2050, and only large yield increases can avoidsieaitgeexpansion into forests
and woody savannahs. Worldwide growth in demand for beef and vegetable oil drive deforestation rat
from pasture expansion in Latin America and oil palm uil@ast Asia, and are only likely to decline if
forest protection efforts are coupled with large gains in pasture and palm oil yields, alongside increase
production in underutilized land and strengthened market demand for deforestdtiem products.

Projected increases in bioenergy production would make it impossible to stop emissions from land use
change.Although food challenges suggest the importance of prudence, global goals for biofuels dema
g2dAZ R YIFI1S GKS C! hQa f Axpahdios realiti@a® $HW. (Estngtes of2afge O
bioenergy potential double count carbon and food (and to some extent, double count yield gains). For
example, a target to provide 10% of world transportation fuels by 2020, roughly 2% of world energy
demand would require roughly doubling the recent rates of yield growth for cereals and soybeans, and
larger yield increases for sugar and palm oil, to aeoigland expansion. Policies pointing toward
producing 20% of world energy from bioenergy by 2080l require roughly doubling the present
guantity of biomass harvested froplants worldwide for all purposes, including not only crops but also
crop residues, grass consumed by livestock and wood. That is not achievable while protecting natural
and also meeting the greater than 70% increases expected in demand for food and timber.

Yield gains in tropical areas are necessary but not sufficient to protect forests and by themselves may
encourage more deforestation without forest protectipolicies. Despite the importance of yield gains,
researchers who have cast doubt on higher yields as a forest protection strategy are partially right. De
a2YS OflLAYa 20KSNBA&ASSE @AStR 3ILFLAya |NB Ffyz2ad
LI NAy3I£0sS YR @ASEfR AFLAYya Ay GSYLISNIGS 1T 2wSa
and save carbon overall. Howevgield gains in the tropics, such as productivity gains in using seeds,
fertilizer, and labor, can easily encoueagonversion of more forest to cropland locally, by making local
cropping more competitive with agriculture in other world regions. That leads to a relative shift in the
location of production, and helps to explain why the economic successes of ageadult@razil and
Southeast Asia are associated with deforestation. Researchers haveapputeciated this distinction
between global and local land sparing because they have underemphasized the shift in the locations a
agricultural land. Even inveorld with a wellfunctioning system for Reducing Emissions from
Deforestation and Forest Degradation (REDD), tropical yield gains will increase the required level of R
payments.

Despite this problem, ignoring the need for yield gains in the tropics iamofption. Higher yields in
developing countries are absolutely critical to food security and economic development, and expanded
food and feed needs will inevitably lead to deforestation and loss of savannas and wetlands if yields dc
improve.

Yieldgains are therefore necessary but not sufficient to reduce deforestation and other conversion
natural habitats, let alone to provide acceptabievels offood supplies. In short, although there is ng
perfect solution to this challenge, there are seafefruitful directions to explore for policymakers, private
companies and mukstakeholder ccommaodity roundtables that seek to meet food demands while
protecting both carbon and natural areas.

> O
—
=

not

of



__________1

I KEY POLXCRECOMMENDATIONS I

I Policies to Promote Efficiettses of Land
w Policies should encourage more efficient output fraliland, whether that primary output is carbon
sequestration, food, fibebiological diversity or some other valuable product that requires land. For thaI
reason, shifting a parcel of land that is already edfitly producing one of these outputs to producing
another is unlikely to help achieve the dggbbalobjectives of sufficient food and sequestering carpon
whether the shift is from food to forest or energy use or from forest to foBdom a carbon pergztive,
policies should encourage land use change only when the productive capacity of that land has been Ioded
through bad management and the change in land use is the most likely way to optimize its capacity.

w Policymakers should develop neorealistic goals for biofuels and only promote them where they u
I wastes or are likely to produce biomass at high rates on currently unproductive land.

w As part of such an effort, decisionakers need to fix an accounting error in the Kyoto Protacdl

many national laws that treatll bioenergy as carbon free and thereby makes forest carbon worth moj
dead than alive. Other accounting errors in the Kyoto Protocol, which ignore actions that reduce growth of
the forest carbon sink, should also be @mted.

w tNAGFGS F22R O02YLI yASa YR dadadGlAylroftS Ozi\/lefm
of high carbon and biologically diverse lands, but should also encourage that agriculture expand only*“where

it can achieve a high ratio of output tmrbon loss. They should also encourage steady improvement in the
outputs from existing agricultural lands.

—t

Policies to Encourage Yield Gains to Protect Forests and Other High Carbon Lands

w Policymakers should attempt to direct REDD+ compensaticiofest protection toward sustainable
enhancements in agricultural yields, with appropriate safeguards in place to protect forests.

w Efforts towards poductivity gains should focus on boosting yields of staple foods for domestic
production, on boosting mduction by existing farmers on existing farmland, and on boosting prodydti
possible away from the forest frontier. Export agriculture in the tropics should be focused on tropical
crops, preferably with high labor demands and high revenues peahect

w Policymakers should focus new infrastructusdnere possibleon existing agriculturatenters and
l avoid high carbon landand explicitly protect forests @hother carborrich lands whemew roads and

I i S -

ports facilitateaccess to such areas.
I I I ] I I I I I ]




Introduction

For years, forest protection efforts have attempted to reduce the
supply of forest for logging or agricultural conversion by
establishing systems to pay countries and landowners to conserve
their forests. As these systems starts to take shape, forest
protection efforts have begun to focus as well on limiting the
demand for forest conversion, particularly by addressing the drive
of agriculture for more land. Conversion to agricultural uses is now

the direct source of the vast majority of reported net emisss

from land use change.

The relationship between forests and agriculture
implicates other important public goals. Along with
protecting forests, the world will also need to
produce roughly 75% more foday 2050 to feed a
growing, selectively wealthier population, and to
reduce hunger. And it needs to produce that food
cheaply because billions of people are likely to
remain extremely poor. To protect both
biodiversity and carbon, it is not good enoughtjus
to avoid forests, as that may only shift agricultural
expansion into other valuable natural areas,
particularly wetlands and savannas. If protecting
forests just meant more hunger and fewer wetlands
and savannas, public policy would hardly be a
successand forest protection would likely lose
public and political support.

Yet the relationship between forest protection
and land use demands is complex, and the value to
forests of demand control efforts disputed. Some
scholars have argued that yield gsipromoted by
such efforts as the Green Revolution have saved
more than a billion and a half hectares of global
forests and other natural areas. Others have found

8

no necessary relationship between yield gains and
Gf FyR &ALI NRAYy 3¢ | yBankdred S
more the consequence than the cause of land
protection and sometimes even spur deforestation.
In extreme versions of the argument, one side
might hold that yield gains and other factors
reducing demand for new land eliminate emissions
from land use change wherever they occur, while
another side might argue that goly should focus
only on supplyside factors, such as strict controls
on which lands can be converted.

This paper tries to make some initial sense of
this debate by discussing thele of agricultural
demand for new land in the preservation of forests
and landbased carbon. In this paper, the primary
focus is on demand side factors that help to meet
demand for the same quantity of food on existing
agricultural land or by directingew production into
degraded or low productivity lands. Demand side
factors may also include holding down the demand
for the managed outputs of land, and this paper
briefly discusses bioenergy because of the role of
government policy in spurring its demen



Population growth and diet are other factors that
deserve serious emphasis but which are little
discussed in this paper. Both governments and
private food companies have policies, and can
develop new ones, that influence the demand for
land in thisway.

Governments and private food companies also
influence the land supply side. When food
commodity roundtables, or private companies on
their own, refuse to purchase food or timber
produced on certain lands, their efforts could be
referred to as demadh controls because they are
purchasing standards. But because they would work
by restricting the lands that could supply these
products, the logic of this paper refers to them as a
form of land supply control, a private equivalent to
a government regulatio protecting such lands.

The land sparing debate raises some basic
guestions: How does the demand for land influence
deforestation and other emissions from land use
change? What role do yield gains play? What role
can private standards and certificati efforts play?
To the extent demandide efforts are valuable,

how would one structure them in light of the risks
and opportunities?

This paper addresses these questions. A major
theme is the important distinction between gross
and netdeforestaton, as both net effects and the
shifts of agriculture from one location to another
play a critical and underappreciated role. Unpacking
this inter-relationship will aid our understanding of
the causes and consequences of agricultural
demand anchelp to explain the conflicting views of
Gf FyR aALI NAy3IDE
production are to some extent necessary and
desrable, but also add greatly weforestation and
emissions related to agriculture, and they
complicate the chllenge of addressing agricultural
demand in a way that spares forests. Ultimately,
boosting yields and limiting our other demands on
land for production of human goods is a necessary
but not sufficient means of protecting forests and
other natural areasand policies that restricthe
supply of andhose that restricdemand for forest
conversion need to work together.
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A. Some basiprinciples for
understanding the role of agricultural

demand in altering lamd based carbon
Conversion of tropical forests to agricultural
land is the dominant source of those land use
changes cited by the IPCC as contributing to
greenhouse gas emissionsicha direct satellite
analysis confirmed that more than 80% of new
agricultural land in the tropics in the 1980s and
1990s came physically out of forest (with the
remainder mostly shrubland, and a small portion
from wetlands and forest plantations) (Gib810).

That does not mean that agricultural demand is the

sole cause of tropical deforestation, nor that a

FdzidzNE Ay ONBFasS Ay RSYI YR

food automatically translates into a hectare of
additional deforestation. The battles over hiefs
have focused attention on the role of agricultural
demand in causing emissions from land use
changea with the different effects often obscured
in the interstices of modetsso it is worth setting
forth a few basics.

If there were no increase in food
demand at all, but governments built good

roads through rain forests and funded research

improvements to improve local agricultural
technology, they would reduce the costs of
supplying food througlforest conversion.

Agriculture would expand into these forests as
they outcompete some agricultural production
elsewhere, and somewhat cheaper food would
probably modestly trigger overall increases in
consumption. For these reasons, economic
development in general in tropical areas should
be expected to increase forest conversion. But
that does not mean that demand factors are
irrelevant. Demand maintains or boosts prices,
nd that makes land conversion more profitable.

10

Although both
supply and demand for land will play a role in
determining conversion, they are not merely
additive. Without adequate roads, growth in
demand may ha little consequence in a
region. On the other hand, the availability of
good roads may serve to amplify the power of
growing food demand to trigger deforestation.
A reasonable respect for political economy also
highlights the relationship. When prisare
high, governments are more likely to build
roads and grant concessions to forest land not
only because of the lobbying of powerful

Tn®dtsIbut &isd béauNBf Q desird & MelHuke 2 F

food price pressures.

In the very shorterm, an
increase in demand can only be met through
supply, by taking crops out of stocks, or by
higher prices which reduces the demand. The
easiest shorterm new productionwill come
from intensifying inputs or reducing fallows, as
well as switching other lands (such as pastures)
to crops. Over time, more land will be brought
in. Unfortunately, it is very difficult to analyze
longterm responses, and the great majority of
economic models derive their response
estimates from shorterm fluctuations in price.

Models that have buit
in a large yield response have misinterpreted
some prior lead studies, that themselves found
no or little response, and that in any event used



shaky economic methods (Berry 2010). A new
analysis usig proper econometric methods

finds remarkabily little responsiveness of yield to
demand in the United States (Berry 2011). One
simple way to see this unresponsiveness is that
long-term trends due to technology
improvement and shorterm weather

fluctuations do an excellent job of explaining
yield changes all by themselves. This result
seems surprising because it just makes sense
that farmers will increase not only land in use
but other inputs to meet additional food
demand, and therefore boost yields; but
increasing demand also tends to push farmers
into less ideal land and therefore depresses
overall yields.

Demand may have a greater influence on
yields over the long term, among other means
by pushing government policies that contribute
to yield gainsbut no economist can credibly
demonstrate that relationship. Rising food
RSYlIYyR YI &
economic reforms that unleashed enormous
crop yield gains, but those reforms occurred as
part of such larger political change that it is
impossble to say which influenced which.

From
20012008, harvested cropland worldwide
increased by 65 million hectardsy far the
largest increase in any eighiear period since
1961 according to FAO data, but those
increases occurred in a wide variety of
countries, some with decreasing forest and
a2YS gAlGK2dzid az2ai
agriculturally developed countries have
extensive areas of former agricultural land in
different stages of transition to alternative uses.
In the shortterm, many of these lands are likely
to be the easiest to plough up to meet a large
increase in crop demand, but that does not
prevent new crofands carved out of forest
elsewhere from supplying the longer term
response. And even by keeping land in
agricultural production, demand reduces future
reforestation and carbon sequestration.

27T
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Land is going out of production for a wide
variety of reasons. Between 2001 and 2008,
Australia reported to FAO large decreases in
pasture and cropland area due to drought.
Brazil lost pastureland in much of the countr
even as pastureland expanded by more than 12
million hectares in the Amazon (Barona 2010).
One reason is that land is of very different
jdzt t Ade FyR @AStRAT
pasturelands derived from forests produce far
Y2NB F22R

More fundamentally, no direct line
connects declines in agricultural land in one
location to increases in another. People who
plough up new land do not respond to statistics
they hear about declines in agricultural land
elsewhere; hey respond to market
opportunities open to them and therefore
prices. Although declining agricultural land in

K @S 02y i N o dziisénie regiéns ¢arisylt-inthgher prices and

send a market signal for expansion, so do
increases in agricultural demand.

In short, althougtsupply factors play an important
role in deforestation, for basic reasons the demand
for agricultural products and new agricultural land
also plays an important role and influences carbon
stocks more broadly throughout the world.
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B. The common reliancen net tropical
deforestation as the source of
greenhouse gas emissions obscures the
full role of agricultiral and other land

use demandsn causing emissions from

land use change

Efforts to reduce greenhouse gas emissions
from land use change have focudedgely on
blocking off access to tropical forests in part
because scientific estimates attribute nearly all
emissions from land use change to tropical
deforestation. The sense seems to be that if
governments better protect these forests, the
problem wil go away. But a fuller understanding of
global land use changes suggests the importance of
addressing land use demands including those for
both agricultural products and timber.

Recent estimates of annual world emissions
from deforestation for 2000 t@005 or 2007 are 1.2
IAILd2ya
approach based primarily on reporting of forest
area changes by countries directly or through FAO,
and 1 gigaton of carbon from an average of satellite
studies (Pan 2011; Malhi 2010). Eawtthod has
its strengths and weaknesses and the methods are
not entirely measuring the same categories of
emissions, but in common both methods do
attribute virtually all land use emissions to net
tropical deforestation. Yet that occurs because of a
particular form of netting.

Globally, according the latest bookkeeping
study, gross forest growth sequesters on the order
of 4 gigatons of gdon per yea(Pan 2011). (Equal
to 14.5 gigatons, this gross sequestration offsets
more than a third of all the carbon dioxide emitted

! Bookkeeping approaches, pioneered by R.E. Houghton as
shown in Figure 1, estimate emissions mostly from national
reports of deforestation and changes in agricultural areas,
sometimes using direct national data but relying heaoity

data reported through AO. The reliance on this kind of data
has been questioned because of shifting definitions, limited
estimation methods in many countries, and inconsistencies
with other data (Grainger 2008). Using satellite imaging has its
own limitations, particularly ecause of the ambiguity of
attributing image areas that are large enough to have a mix of
uses to a single land use. Bookkeeping and satellite estimates
are also not directly comparable, because of how they attribute
emissions from deforestation over tinfRamankutty 2007),

and whether they count logging emissions (Houghton 2010).

12
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into the atmosphere by people each year). The
growth occurs in intact forests, in part because they
are responding to increased camb dioxide in the
air and nitrogen pollution, but it also occurs as
forests regenerate abandoned agricultural land,
particularly in the temperate zone, or as they
regrow from logging activities. According to the
same study, a combination of logging and/pical
conversion of land to cropland and pasture released
2.8 gigatons of carbon each year between 1990 to
2007. The result was a net forest carbon sink of 1.2
gigatons.

It would be appropriate to describe all of the
gross land conversion and alltbe logging
activities as sources of emissions, offset by growth
of forests on abandoned agricultural land and
regrowth of forests after logging. Yet by a mostly
unarticulated convention, the scientific papers
showing the accounting treat all of the faie
regrowth in the temperate world as offsetting the
emissions from deforestation and logging in that
régforPso théy ARondeSépbdiedhissons from land
use change in that region. The same papers
typically treat the recovery of forests from old
logging in the tropics as offsetting the carbon losses
due to nev logging there, resulting imodest net
loggingemissionghat aretreated as the emissian
from tropical logging. That leaves emissions from
land conversion to agriculture in the tropics as the
source ofthe vast majorityof emissiors, and this
way of thinking is so ingrained that the IPCC has
used satellite studies of deforestation in the tropics
as a basis for offering global estimates of emissions
from land use change. Those emissions are
important, but that exclusive focus diminishes the
significance of agricultural demand in other regions
as well as demand for forest products everywhere.
Four implications deserve emphasis.

Both the bookkeeping and satellite
approaches typically compare net changes in
forestwithin the tropics between one time and



another? In fact, the net loss of forest may
actually result from a much larger gross
conversion of forest in turn offset by substantial
areas of reforestation of abandoned agricultural
land. To the extent largergss changes occur,
the effective shifting of agricultural land from
one location to another will generally lead to
higher net emissions than estimated because
the conversion of a new forest causes an
immediate loss of nearly all the carbon while
the reforestation of abandoned land more
slowly recoups carbon.

Houghton and other analysts of global
emissions are well aware of this distinction but
have been limited by the data available.
Estimating gross deforestation and
reforestation requires far moreabor-intensive
satellite techniques that examine the same
parcels of land in one timeersusanother. In
one 2000 paper, for example, the authors used
satellite images of the State of Maranhao in
Brazil to examine both new deforestation and
the reforestaton of previously cleared lands
from 1978 to 1998 (Houghton 2000). The
authors found that reforestation occurred at
two thirds the rate of deforestation from 1978
1998. The bookkeeping approach would
implicitly assume one third the rate of
deforestationfrom 1978 to 1998 in Maranh&o
and multiply that area by likely carbon losses
while the emissions from new deforestation in
this period, even after subtracting the regrowth
on abandoned lands, was probably much
higher.

% The language can be confusing. Pan (2011), which is primarily
a bookkeeping approach, in some parts of the paper (e.g., Fig.
1) identifies tropical gross deforestation atrdpical regrowth

AaSLI N GStfeaw .dzi GKS GSNY a3INRAA

gross. The gross deforestatismbasel on national (or seri
regiona) estimates of net deforestation in any specific period.
Table S2 actually shows that no attempt camfele in

tropical regions to separately identify afforestation and
deforestation, unlike in the temperate zones. Even in the
temperate zones, however, it is not clear how countries have
identified afforestation and deforestation as this author is not
aware of comprehensive, statistically valid plot change studies
across the reporting countries that can separately identify
gross deforestation and gross afforestation or reforestation.
Most likely, these countries have partial information on areas
of afforestation or reforestation and report these figures to
FAO.
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As satellite products improve, trueags
studies of forest change are only now occurring
at scale and some new studies will be published
soon. In some regions, gross deforestation does
not appear to be higher than net deforestation,
but in other regions, and therefore globally,
there is a&rge distinctionThe implication is
that as agriculture expands in some parts of the
tropics, it is causing more deforestation and
higher net emissions than presently estimated.

Logging is
a massive economic activity that reduces
carbon stocks, and because of that, many
people find claims that emissions from land use
change are almost entirely assignable to
agricultural conversioimplausible Others

believe thatthe S NIY & f | YR dz&S OKI y

by the IPCC and others refers only to changes
from_forest to another use, such as agriculture, |
and fuEtubEs hbtap i/ t¥ fogdiny adtititles that
allow forests to grow back. In fact, as the IPCC
has used the term, land uséange does

include emissions from logging and the
bookkeeping estimates account for them.
(Houghton 2010) (Hurt 2006). The first intuition
is also correct that logging emissions matter.
But these approaches have not overestimated
the role of agriculturatonversion; they have
downplayed logging emissions.



Logging emissions are downplayed because growth from prior logging and would #nefore

the traditional accounting treats them as result in more carbon storage. Logging today
partially or almost fully canceled out by the will increase forest rgrowth in the futureg in
carbon accumulating in forests-growing from other words, much of that carbon will grow
prior logging. Thieetting approach explains back-- but more loggng today and in the future
why logging shows up only modestly in will still leadto reductions in carbon storage for
| 2dza3KG2yQa SadAayYlrdSa 2F Snaayyerd 2ya 2F €1 yR dza S
change, as Figure 1 shows, and why logging Wood removals both to industrial logging
emissions are in turn all but ignored by and local fuelwood appear to be growing
secondary reports, such as those of the IPCC. gradually according to FAO data (FAO 2010),
An alternativeapproach would report not only and are projected to grow substantially as
land conversion but also logging as sources of populations grow and écome wealthier (Smith
emissions, with logging adding well over 1 2010). Logging demand therefonmerits
gigaton (deb Richter 2011: Houghton 2010). additional focus.

The carbon gains in forests-ggowing from

past logging would continue to count, bute

would fall into the category of the larger

GNBaARdzZ f ¢ OFNb2y airylyY DezBdedchuntfeg altér latidiisesiin wdgsNIi A 2 v

of re-growth that exceeds the logging harvest that release emissions both through shifts in
elsewhere in a region becomes part of this sink. cropping areas that result in new deforestation
The present netting approach has policy or plowing up of grassland and sometimes
significance because ibscures the potential through heavy logging. In China, Japan, South
significance of timber demand. The netting Korea and India, expansion of plantation forests
approach would make no difference if all the may be masking substantial deforestation
g2NI RQa T2NBaida oSNB 2y S eBéwNdelairet ab, 2008) (HoughHR 2005).
plantation, so that harvest and ggowth were A recent satellite analysisdad that temperate
always balancedl 2 4 S@SNE (G KS ¢ 2 NI Rrd&orealforests provided slightly more than
previously harveted forests will continue to re half of the areas of global forest cover loss from
grow regardless of whether logging continues 2000 to 2005 (Hansen 2010). The three

now or in the future. Reductions in logging now countries experiencing the largest global forest
and the future therefore can reduce a source of cover loss were Canada, Russia and the United
emissions without reducing this sink irrre Stages, which lost 44 million hectares of forest,

Figure 1. Direct Sources of Emissions from Land Use Change
According to the Bookkeeping EstimatelRfEHoughton.

2.0

0 Shifting Cultivation

@ Fuelwood harvest

O Industrial harvest
@ Pasture

@ Cropland

0 Other

/—VA—/‘/\

0.0 m
1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 200
-0.5

Reproduced with permission



©NWﬂv Rachel Kramer %

while Brazil, Indonesia and the Democratic
Republic of the Congo, the epicenters of
tropical deforestation, together lost 23 million
hectares. Natural fires cause some of these
temperate losses, but logging @mand
conversion cause others.

Because of netting, however, global
analyses do not point to these countries as a
source of emissions. Many efforts to reduce
land demands might result not only in reduced
deforestation in tropical countries but reduced
gross forest losses in developed countries, and
both would contribute to carbon gains.

Land use activities that
reduce regional net sinks anywhere in the world
contribute to global warming ton for ton just
the same as activities that contribute to
regional net carbon emissions. Land use
demands that keep agricultural land in
agriculturaluse, instead of allowing these lands
to reforest or in other caseto reestablish
grasslandswill therefore also adversely affect
global warming even if they do not cause
additional land conversion.

Some of these netting effects are the result merely
of the convention in how gross changes that
increase and decrease lafh@sed carbon are

netted against each other. Others represent data
limitations that can only be addressed by improved
analyses using satellite photographs. Regardless of
the source of theconvention, it has the effect of
underestimating the role of land use demands in
reducing the terrestrial carbon sink, whether those
demands are for agricultural products or wood, and
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therefore underestimating the potential benefits
from addressing thosdemands.

C. Forest protection strategies that do
not address agricultural demand Wil
expose wetlands and savannas

One obvious reason forest protection efforts alone

can probably not provide a solution to emissions
from land use change is that agricukutan expand

into wetlands and savannas, and these lands have

great value too for both carbon and biodiversity.
Wetlands are the most acutely under

emphasized land use category. Only recently have
global land estimates begun to add in emissions for

any caegory of wetlands and those estimates are
limited to the drained, carbomich peatlands of
Indonesia and Malaysia. Peatlands, like other

wetlands, build and preserve soil carbon because of

their waterlogged conditions, and draining them
releases much ahis carbon either to general
oxidation or through fires. The peatlands of

Southeast Asia have the richest carbon deposits of
any wetlands in the world, and can be meters thick.

Their enormous fires in 1997 galvanized world
attention, and the rapid expaion of palm
plantations on drained peatlands continues to

increase their emissions. One recent summary of

the literature estimated that draining these

peatlands on average gives off more than 86 tons of
carbon dioxide equivalent per hectare per year for
fifty years, an astonishing 4,300 tons per hectare in

total (Page 2011). Estimates on the order of

another 0.3 gigatons per year of carbon equivalent

0/ FyFRStEf HnanTT al Kf A
peatlands, based on modestly lower per hectare
estimates constitute perhaps 20% of the global

H

emissions from land use change and are probably

conservative.

Global carbon estimates do not now include
any other emissions from wetland drainage.
Wetlands have provided much of the temperate
52N RQa 0 Sedailse Déy®dciir in weR
placeswhose excess water may be wetintrolled

0

by drainage and because high soil carbon creates
excellent growing conditions. A recent World Bank

paper, one of the few papers to focus attention on
carbon from wetland drainage, calculated that net

emissions from drainage of 14 deltas sincentan

alteration have reached 3.5 gigatons of carbon, and
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the drainage of 3.5 million hectares of mangrove
wetlands from 1980 to 2005 will eventually result in
the release of 1.5 gigatons of carbon (Crooks 2011).
Wetland drainage outside of Southeast Asia
may be receiving little attention because
agricultural conversion in Latin America and Africa
to date does not appear to rely heavily on wetlands,
which though productive are often expensive to
drain. Yet Latin America and sBaharan Africa are
both filled with wetlands, these regions are
LINE GARAY 3 Yzald 27
there are reasons to believe wetlands will become a
larger focus. Ethiopia has granted virtually a no
cost agricultural, rapidly exploited concession to
three hundred thaisand hectares of wetlands in an
area previously thought of as part of the Gambela
National Park, home to a migration of millions of
white eared kob antelope (Pearce 2010). Kenya
has begun to provide concessions for bioenergy
development in its Tana Daltanother vast
wetland areawith enormous wildlife value.
Although Africa has hundreds of millions of hectares
of potential cropland, high rainfall variability
provides a great barrier. Because wetlands tend to
receive water in addition to their rainfallom
surrounding runoff or groundwater, and their high
carbon soils hold water longer, they could prove
highly attractive for foreign investment in Africa.
Wetter savannas provide the other principal
source of new agricultural land, which as a fesf
Y dzOK 2 Fcerradbtohverbidd ow exist
primarily n Africa. Besides the loss of biodiversity,

their conversion to cropland involves a substantial
carbon loss, on the order &0 to 100 tons of
carbon per hectare (Gibbs 2008). To world
modelas and planners, savannas sometimes
appear as free land. One World Bank report calls
F2NJ a! g {SyAy3a GKS
G2 O2y@SNII YdzOK 27F
the world (Byerlee 2008). One dfited Dutch
analysis of world lsienergy potential excludes
forests as environmentally unsound, and focuses

0 KS ¢ 2 NistRad an wgrlsl gavaDie® miny iy AriEa, witkloRt

calculating the associated carbon costs of
converting them for bioenergy production
(Hoogwijk 2005). To show the potential
signifcance, a separate, world analysis from the
Potsdam Institute calculated the time it would take
bioenergy crops to pay back the releases of carbon
from the conversion, and most of these African
savanna areas failed its tgrear payback test
(Beringer 2011)

If world climate efforts focus only on forest
protection, they could not merely ignore these
other conversions but could even encourage them,
as wetlands and savannas become the sole source
of new lands for agriculture and forestrigoth
carbon and wildlife impacts would remain large.
These concerns motivated the think behind the
oY d 32 OFRomMdight Repdrtpa food
challenges, to call for producing the future food and
forest supplies not just without converting new
forests but to concentrate on the existing footprint.
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Part of the relationship between agricultural
demand and land usehange is political. Political

leaders, as they should, care deeply about supplying

food, and even the most despotic leaders recognize
that food shortages are threats to their rule. One
obvious reason yield gains are important to
protecting forests ishat the world is unlikely to
protect forests and other carbon rich lands if it
cannot or will not meet food demands without

using them. Analyzing the challenge of feeding the
world by 2050 indicates that holding down
agricultural land expansion is a ciblg goal but will
require hard work to boost yields while also revising
government expectations for bioenergy.

A. Scenarios for Increases in the
Agricultural Land Base to Meet World

Food Demands By 2050

The FAO has estimated that the world needs to
produce 70% more food to meet demand by 2050.
That is based on a target of food availability of
3130 calories per person as a world average and a
76% increase in meat consumption per capita to
meet a population of 9.1 billion (Bruinsma 2009).
Food avdability means the food available in the
country per person, not what each person actually
consumes, and a significant excess over actual
consumption is needed to feed people properly.
Today, food availability in Europe equals roughly
3,500 calories pergrson, in China roughly 3,100
calories, but in suisaharan Africa only 2,250 (IIASA
2011). The FAO estimate assumes that food
availability almost everywhere in the world rises to
3000 calories or more, and improves in stétharan
Africa, but only to 2,740alories outside of Nigeria.
The United Nations population office has since
revised its midrange estimate for world population
to 9.27 billion (UN 2011), and that should raise the
FAO estimate of needed food increase to roughly
75%.
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Can the world gemate this food without
expanding agricultural land? Even if technically
possible, what is actually likely to happen?
Modeling studies tend to focus on the second
question, which to some extent makes them less
useful. Studies summarized in Smith (2010)
estimate increases in cropland that range from 6%
to more than 30%, with some studies projecting
large increases in grazing land and some projecting
stable grazing lands or even declines.
Unfortunately, the huge array of uncertain
assumptions about devepments in consumption,
technology, government policies and the economic
behavior of agriculture producers built into these
models make it difficult to determine how
outcomes are driven by different assumptions or
would change because of discrete changegadlicy.
Because most of the models build in some
increased biofuel demand, it is also hard to use the
models to focus discretely on the challenges of
meeting food needs.

The International Institute for Applied Systems
Analysis (IIASA) has been coniimguto develop its
G D[ h. L h a ghe Mdid? &6 beén described
in Havlik et al. 2010jas generated a wide variety
of scenarios in turn optimistic and pessimistic, and
has made them available for analysis. The scenario
that appears closest to a business usual scenario
similar to one developed by the FAO assumes crop
yield gains consistent with historical rates, no

increases in bioenergy beyond 2010 levels, constant

livestock systems, and no new REDD restrictions on
land use change. Under this scenaf6LOBIOM
estimates a net increase of 266 million hectares of
cropland by 2050 and an increase in grasslands of
121 million hectares. It also estimates a 348 million
KSOGFNB RSOftAYS Ay
YAffA2Y KSOGFNB RSOfAYyS
@SASGlI A2y e | fUK2dAK |
103 million hectaress forecast These figures
translate into net annual declines of 6 million
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hectares of forest, and 4 million hectares of other
natural vegetation.This model suggests no let up in
agricultural pressures for land conversion.

In 2009, the FAO took a somewhat different
approach and compiled an estate on a country
specific basishased on expert projections from
available data, that FAO then aggregated for the
world as a whole (Brasma 2009). The basic
approach reasoned that farmers will find a way to
meet projected food demand by providing roughly
the same percentage of regional food needs as they
now supply, with some deviations. In land
constrained areas, farmers will do scchisively by
increasing yields and by planting croplands more
frequently, and in areas with more land, they will
also use more of it. The FAO cropland projection is
more optimistic tharthe outcome of pessimistic
scenario ofGLOBIOM. FAO projects an @age in
cropland of only 120 million hectares in the tropics,
offset by a 50 million hectare decline in temperate
areas. This projection does not offer any specific
projection for grazing land.

At a global level, the FAO projections seem
within the rang of plausible results. World crop
yields have grown mostly linearly, with each hectare
producing a certain additional number of kilograms

more each year on average. (Thatis why discussion

of crop yields based on percentage compound
growth, such as atb 3 percent per year, is rarely
helpful ¢ the percentage growth rate decreases
over time as the total level of production increases).
Table 1 shows thatsaa whole, to meet the
FAO projections, world cereal yields have to grow in
the next 44 year peod at rates that vary from 48%
for maize to 64% for wheat (growing at 23
kilograms per hectare per year compared to 36
kilograms per hectare per year.) The rice yield gain
is adequate to avoid net rice expansion, with maize
growth of 35 million hectareand wheat growth of
18 million hectares. However, only modestly higher
yield growth on a worldwide basis would be
necessary to achieve no net expansion for cereals.
Soybean yield growth projections are more
ambitious at 119% of former growth rates, and
even so, soybeans nee@ million more hectares.
In addition, the cropping intensity (the ratio of
harvests to arable land in use) must also grow from
87% to 93%. That provides an effective increase in
area harvested of 93 million hectares, which is a
larger increase than the net increase in cropland,
and is therefore vital to these modest estimates.
Irrigation must also continue to grow, but at roughly
one fifth the rate of the previous 44 years (an
additional 31 million hectares in total).
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Table 1: Yield Growth Projected by FAO and Yield Growth Needed
to Avoid Net CroplandExpansion

Category Growth to Increases Neededto | Neededto
1961/63 to 2005/07 to Comparedto | Avoid Any | Avoid
2005/07 2050 (kg/haly) | Past Growth | Cropland Cropland

(kg/hly) Rate Expansion | Expansion
Compared
to Past

Wheat 36 23 64%
Rice 48 27 56% 21 43%

62 30 48% 72 116%

Barley 23 18 78% 20 89%
All Cereals ¥ 25 60% 27 65%

26 31 119% 71 275%

Pulses 6 10 167% ¢ 146%
SearchinggHeimlichfrom FAOStat anBruinsmg2009)
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At first glance, these projections seem modest or increasein irrigation has been a larger driver in
even conservative. Indeed, growth rates for cereals world yield growth as yields on irrigated land
at three quarters of previous growth rates would be are much higher than those of rainfed cropland.
adequate to eliminate net expansion for cereals One study estimates that without irrigation,
completely. Yet there are strong reasons that yield cereal production would decrease globally by
growth rates will be lower, which help to explain 20% (Siebert 2009). Untfanately, most of the
C!'hQa GKAYlAy3O® 22NX RQa YI22NJ NB3IA2ya 27
e Since roughly 1990, growth rates for rice and those in China, India and the U.S., are already
wheat in the highest producing areas have overtapped. FAO therefore has sound reasons
flattened, in particular rice in China and Korea, to project slower rates of irrigation growth, with
and wheat in northern Europe (Cassn011). resulting implications for yield growtlates.
Top yields on test plots are also stagnating for And just as irrigation in the past has come at
wheat and rice. Optimists can point to high environmental cost, so will any increases in
remaining yield gaps based on comparisons of the future.
average yields to top yields in scientific trial e Perhaps the biggest reason for reduced growth
plots, so better field management can improve estimates results from projected shifts in
yields, but the ral world pattern is disturbing. agricultural production from temperate zones
Cassman argues that there is an economic into the tropics and sultropics, which have
threshold of 80% of potential yields, due in part been much lower yielding areas. The biggest
to such factors as the luck of whether the growth in population and food demand is likely
weather in a particular year accommodates to come from subSaharan Africa, which is
decisions such as planting dates, and that doul projected by the UN to experience a population
hold down future growth rates in high yield increase of 230%. Thisregionhéss ¢ 2 NI RQa
regions (Lobell 2010). Both yield growth and lowest cereal yields, only slightly more than 1
cropping intensity in previous decades have ton per hectare, compared to average world
benefited from enormous growth in irrigation, yields of 3.4 tons per hectare in 2010 (FAOStat).
particularly in developing countries, increasing Even if yields grow in this area in the future,
by more than 150 milliohectares. Worldwide, LINE RdzOAYy 3 Y2NB 2F (GKS 42N
FAO estimates that irrigated land provides 42% yielding aeas implies lower world yieldn
of all food production, but in developing fact, the biggest difference between the FAO
countries that percentage is 47% of all crops, A0SYINx 2 YR GKS D[h. Lha
and 59% of cereals (Bruinsma 2009). The projections involves the amount of additional

cropland in Africa.
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The FAO did not explicitly consider two
additional major sources of coam. One involves
potential declines in irrigated areas that are already
using water unsustainably. These include the North
China Plain, the Ind@angetic Plains, and the Great
Plains of the U.S., all of which overdraft their
aquifers. A related conceia already ovedrafted B Tt iR <P
rivers that could face additional shortages due to sectors shald matter to those who wish to protect
climate change, including the Colorado and Indus forests.
rivers, and major rivers of China (Zongxue 2010;
Gleick 2008). Although many papers discuss these
challenges, there is not yet @mvincing

B. The particular link of deforestation

quantitative analysis of the extent to which these hotspots to agricultural demand
overdrafts of water pose threats to future food Whatever the global figures, the hotspots of
supplies. Much may depend on whether any crisis deforestation show why increases in agricultural
can be postponed until the second half of the'21 yield are necessary to protect foreststhe future.
century, when stable or declining populations
should make it easier to compensate with increased ©The population of SuBaharan
food production in other parts of the world. Africa is projected to increase by 230% by
The FAO analysis also did not explicitketa Hnpnz YyR 0KS !'¥NAOIya I
account of climate chang€limate change impacts hungriest people with only 2,455 calories per
on food supplies are uncertain and much debated, person per day available from domestic
with general prelictions, for moderate warming, of production. Without yield gains, simply
increased hardship in developing countries adzZlil)X eAy3 0KS NB3IAZYyQa LI
potentially balanced out by improved food inadequate level of food as the population
production in northern temperate areaGreater grows, while continuing to import a quarter of
warming implies net harmful impacts. In general, all consumed grain, would require cropland
however, more recent studies tend th@w more RSU2ZUSR 02 0KS NbB3IAZ2YyQa ;
pessimistic results, particularly from the direct to increase 123 percent- from 154 million
effects of temperature (Searchinger 2011). hectares to 357 million hectarésee Table 2j
Unfortunately, Africa again receives the most The figure is even larger if Africans were to
pessimistic prognosis despite having the greatest produce all their own food and to meet the
food needs. Impacts from changed rainfall ClhQa 2LWUWAYAAUAO OZ2yadzylLJ
patterns are he most uncertain and also potentially them in 2050 of 2,830 calies per person,
the most dramatic. including a modest increase in meat
Overall, the FAO analysis used expert judgment consumption. In that case, at present yields,
to weigh most of the key factors, and its judgment they would need 488 million hectares (an
is entitled to considerable respect. If the FAO increase of 334 million, or 317 percent). These
analysis is correct, cropland in developing coigst figures assume no growth in the use of land for
will grow at roughly half the recent rate over the S E L32 NI a s High valuefaydeuliraD
next several decades, with net land expansion in products such as coffee, rubber and
developing countries at an estimated rate of 2.67 vegetables, and assume that the milk and meat
million hectares per yearOn an overall basis that now generated from grazing lands would rise
seems encouraging, but not wildly so, particlyar proportionately with the rise in population
because valid cases could be made for somewhat without any expansion of grazing land.

greater optimism and much greater pessimism. The ; . .
Y2NBE LISaaAYAAGAO D[h.Lha &héﬂcﬂ‘?@aﬂo'ﬂsgﬁ@%’d cobsgiqh bplgnge ghests X 3
y

also reasonableOne obvious implication is that generated for Africa by FAO for 2007, and subtract North
P African data

yield growth in both the cropping and livestock http://faostat.fao.org/site/368/default.aspx#ancaand are
explained in Searchinger 2011.
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Table 2: Yields and Cropland Needs in Saharan Africa

Current

kcal/person/day) &
currentreliance on
imports

2050Current
consumption
Imports (2,306

2050FAQ projection of
food consumption (2,830
kcal/person/day) & self
sufficientregional
production

Cropland neededat 154 million
currentyields for

domestic food

consumption

(hectares)

Cerealyield neededto 1.23 t/ha
avoid new land
clearing

SearchinggHeimlich2011, using FAOSTAT

Flipping the nurbers, one can ask how much yields
would have to grow in the region to produce these
levels of food without expanding cropland. Merely
G2 YIAYyllrAy G2RI&Qa
level, yields for all food crops would have to grow
230 percent. Tonf@G C! hQa
consumption without relying on importsstill well
below the food level for transitional countri&s
cereal yields would have to grow 350 percent to
4.33 tons per hectar@.Achieving the yield gains
necessary to achieve tHeAO food projections
without adding cropland is a daunting task. For
example, cereal yields on average would have to
rise by an additional 72 kilograms per hectare each
year, which is far higher than world average growth
rates. From 1961 to 2006 Chinahaeved an even
higher growth rate of 90 additional kilograms per
hectare per year, and China started from similar
yields to those in Africa today. Yet cropland in
China is mostly much wetter and otherwise
adzZLISNA2NE YR Y25
amounts of fertilizer, and otherwise receives its
most intense management.

The FAO analysis projects cropland in-sub
{FKIENITY ! FNROI gAff
hectares, which means that more than two thirds of

* As of 200205, per capita, daily calorie availability in high
income countries was 3,460 and 3045 in transition countries
(Foresight Report 2010).

® Thepercentage increases of total cropland area versus cereal
yield growth differ because total cropland increased reported
refer to cropland for all crops, while yield gains (and land gains)
needed for cereals alone are greater because of an increased
proportion of cereals in the diet projected by FAO.
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357 million

2.81 t/ha

A = 7
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488 million

4.33 t/lha

the new food production willgsult fromincreasing

yields. Under the loviech. scenario, th&LOBIOM
model projects an increase of 182.5 million hectares

Ay & dzF(@us PoamBligninecta@LoRpasiugey, @ity thédns 2 v

that roughly half of new food production would

estimates essentially explain the difference
between the GLOBIOM and FAO estimates at the
global level, and it is unclear who is more likely
right. If the GLOBIOM estimate is right, African land
conversion might release more than 1.5 gigatons of
catbon dioxide per yeat.

These figures suggest that yield gains are
critical to protect natural lands in Africa but also
that continued land clearing in Africa at some level
is inevitable. That in turn suggests the importance
of identifying the best landfor agricultural
expansion. From an environmental standpoint,
those would be lands that combine high yield
potential with low carbon and biodiversity. A World

NB O S A @ 8Bank td$in sveanfurRaied tofdetexdr® &ié by

identifying all the wetter savannas of Afiias
belongingin this category (World Bank 2008), but

TN
® Gibbs (2008) op cit. estimates above ground carbon for
seasoml and humid forests and savannas in Africa at 51 to 204
tons per hectare depending on whether the lands are shrub or
forest, disturbed or undistured, with potential soil conversion
losses of 10 to 19 tons/hectare, assuming that conversion loses
25% of soil carbon. At an average carbon loss rate of 100
tons/hectare, theconversion of 334 million hectares over 40
years would generate 835million tons$ carbon losses per year,

or 3,062 million tons of carbon dioxide, i.e., 3.06 gigatons
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this study did not consider the carbon and
biodiversity values of these lands. They include
wetlands and many lands that are better

categorized as forest. It also treated savannas as
fundamentally expndable. A more subtle analysis
should evaluate where the most food can be
produced at the lowest carbon and biodiversity
costs, and where doing so is practicable and socially
desirable.

Even if
models hat predict little net increasén pasture
prove correct, that may bef little consohtion for
forests.World pasture area is an immense figure
estimated sometimes as high as 4 billion hectares
with enormous variation between dry and wet
areas. Latin Americarainforests receive high
rainfall and are relatively productive. Even when

NI TAEALFLya aLISF]1 | 062dz
that supports only one cow per hectare, that is still
orders of magnitude higher than the cattle densities
in the western Unitedstates, and well managed
Brazilian pastures can provide several times the
forage supply as poorly managed pastures.
Although supply factors play a role in pasture
expansion, such as rodulilding, so does the
demand and price for beef and milk (Baror:g;
Barreto 2011).

There is nothing in the various modeling
projections that provides any reason to believe
conversion rates will not remain high in this region
absent effective new government policies. Even as
LI2N] FyR OKAO] Sy¥ofddwl A Y
livestock demand, beef and dairy will also expand
substantially. Fortunately, the Brazilians and Costa
Ricans have demonstrated enormous potential to
boost pasture output and livestock yields through
better management of their pastures. For reas
discussed below, boosting yields alone may not
protect forests, but the opportunities to meet
domestic and export food demands through more
intensive management will probably play a critical
role in persuading governments and private
businesses to sumpt forest protection.

The world has a
voracious and growing appetite for vegetable ail,
which is being supplied primarily by expansion of
palm oil and soybean oil production. Palm oil is the
cheaper way of providing vegetabbil alone, but
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soybeans also produce a high protein animal feed.
Assuming that soy oil retains its world share, and oll
palm supplies the rest, and assuming growth in
palm oil yields at existing rates, one study estimates
palm oil area will roughly ddale by 2050 (Corley
2008). That means 12 million more hectares This
figure assumes no expansion for biodiesel and
allows for other industrial uses to grow, but only at
their present percentage of 17% of vegetable oil use
(even though their share has beésing).

As of 2008, 86% of palm oil production
occurred in Indonesia and Malaysia (Donough
2009). Not only does much of the expansion
displace dense rainforest, but the percentage of
palm oil expansion occurring on peatlands has
steadily expanded (Malli 2010). Because already
converted peatlands will continue to decay, that
implies steadily rising peat emissions.
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conversion are strong, but there is also substantial
potential to meet palm oil dmand withoutthis
conversionStudies have estimated that palm olil
could be produced from as much as 8 million
hectares of former forest in the region now overrun
by imperata grasses, which burn frequently and
therefore do not sequester large quantities of
carbon. Ewve with present technology, oil palm
plantations would appear capable of generating
yields far higher than the 5.2 t/ha assumed by
Corley for his estimate of 12 million hectares of
needed palm oil plantations by 2050 (Donough
2009). Both yield gains andetting new

i Kpfduttibr2nfo@ndperatakgradslands would appear

to be critical components of any strategy to save
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C. The Implications of Bioenergy

The challenge of meeting food/feed/fiber
demands without continuedand use change has
been discussed so far by most commentators
without reference to bioenergy. World government
policies at this time, whether in the form of
mandates, subsidies or other goals, seek roughly a
10% goal for biofuels in ground transportatifurels.
Some estimates of the land needed to generate
such fuels are as high as 200 or 300 million
hectares. But these estimates for the most part
ignore the fact that many biofuel feedstocks are
produced along with byroducts, which provide
food and feedhs well as energy. An OECD estimate
of needed land from 2008 translates into 65 million
hectaresin high yield regionfor the production of
about 2% of world energy. The study deducts land
attributable to byproducts, and assumes a mix of
biofuels comjrable to the mix today (Searchinger
2009a).

Models sometimes estimate that biofuels
production lead to less crop expansion than the
estimates above, but that is only because they
estimate other consequences of biofuels that are
themselves problemati For example, an analysis
by Gunther Fischer for FAO estimates that an 8%
biofuel goal from crofbased biofuels will lead to
only 30 million more hectares of cropland (Fisher
2009); but it also estimates that roughly one third of

grain diverted to bioeargy will not be replaced
because higher prices reduce demand. Obviously,
the less food replaced, the less land use change.
Other models that estimate relatively low land
responses to étanol make similar predictions,
including the model used by thedifornia Air
Resources Boar@arelli 2011). One econometric
estimate also implies that roughly one third of the
calories in grains diverted to biofuels are not
replaced in the shorterm because of reduced food
consumption (Roberts & Schlenker 2010)thia

long run, as supply has a greater chance to respond,
the reduction in food consumption is likely to be
smaller and the increase in land area converted
greater. If these models are accurate, however,
that does not diminish the extent to which biofuels
add to the competition for food and land; it means
only that part of the result will be reduced food
availability.

The Fischer model, like some others, also
estimates a large yield response. The Berry papers
discuss the limited empirical basis for these
projections (Berry 2010; Berry 2011). Regardless,
the capacity to boost yields is not unlimited. To the
extent famers boost yields in response to the
higher prices generated by biofuels, world
agriculture will find it yet harder to increase yields
still more to meet food demands without new
cropland. Asshown in Figure 20 meet the general

Figure 2. Ratiof Major Crop Annual Growth Rates Needed to Meet Food and Proje@&gxduelsfor 2020 at
10.3% of World Transport Fuels Without Cropland Expansion Compared to Trends and Projections
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government targets of mviding 10% of world
transportation fuels through biofuels by 2020
without expansion of cropland, the yield growth
rates of cereals and soybeans would have to
roughly double, and the yield growth rates of
sugarcane and oil palm would have to increase
multi-fold.

Many papers treat the need for liquid biofuels
in particular as a necessity because there are few
alternative methods for reducing carbon emissions
from transportation, and therefore it is a new

from landfills and the forest floor as the biomass
would otherwise decompose.

Virtually all of the large estimates of global
warming reduction potential of bioenergy fail to
focus only on additionallpnt growth or unused
wastes, and instead double count biomass that
would already grow or land that would otherwise
supply food or sequester carbon.

e A 2001 IPCC report estimated massive
bioenergy potential derived from planting
bioenergy crops on unutided, potential

demandi KI & GKS $2NI RQa f I yR dzfofand faifing to fecoghBe thiatich BfwkaR |

way to fit in. But this thinking is based on an
accounting error, since, in fact, the capacity of
biofuels to reduce greenhouse gas emissions
depends precisely on their land use consequences
(Searchinger 2009. As explained in that paper,
neither biofuels nor any other form of bioenergy
reduces the carbon dioxide emitted from tailpipes
and smokestacks. Bioenergy can reduce carbon in
the air only by offsetting these emissions. Because
plant growth absorbsarbon, some people believe
that the growth of biomass automatically offsets
emissions from burning the biomass. But like any
other offset, bioenergy cannot take credit for plant
growth that would occur anyway, thus counting this
plant growth as an offseés double counting.

For bioenergy to reduce global warming
through plant growth, it must result in additional
plant growth. Alternatively, bioenergy can reduce
greenhouse gas emissions by reducing other
sources of emissions. For example, when bioenergy
uses wastes or timber residues, it reduces emissions
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in this reportwas deemedo be potential

ONRLX I yR O2yaArada 2F GKS
savannas and most productive grazing lands
(Moomaw 2001).

e More recent estimates, including thosé the
International Energy Agency (Bauen 2009) and a
new IPCC report (Chum 2011), focus heavily on
the use of abandoned agricultural land, or the
harvest of wood from forests that are adding
biomass at rates in excess of timber production
needs. These amgrecisely the lande/hose
growing carbon stocks atelNE A RAy 3 (KS
terrestrial carbon sink (Pan 2011), and burning
up that sink to produce energy cannot reduce
global warming.

e Some studies estimatbioenergy potential from
the w2 NI wR@yisaannas while ignoring their
existing carbon storage (Hoogwijk 2005), while
studies that count this carbon loss come up
with much more restrictive results (Beringer
2011).
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To produce bioenergy from dedicated plant
production in a way that actually reducearbon in
the air, the best opportunities will be to use
relatively unproductive land and make it highly
productive. One way may be to grow plants like
agave on dry land. Agave is reportedly capable of
generating yields of 10 tons of dry matter per
hectare per year even on land that receives only
200 to 400 millimeters of rainfall, and it has a high
sugar content relatively easy to convert into ethanol
(Yan, 201} This land imostly otherwise used for
low intensity grazing, whose food production in
absolute terms could probably be reasonably
replaced on significantly less land, but taking
advantage of this opportunity will require much
progress in breeding and overcoming marlyey
obstacles. Other opportunities would involve using
degraded, well watered lands, like the imperata
grasslands of Southeast Asia discussed below. But
these lands also provide leearbon opportunities
for expanding agricultural land, and there areynl
S0 many hectares available.

The double counting of biomass has led to
bioenergy plans that are grossly out of balance with
0KS ¢2NI RQa OF LJ OAdGe (2
without sacrificing carbon storage or other human
needs. The European Commissios hequired that
its member countries supply 20% of their total
energy use in 2020 from renewable sources, and a
summary of national action plans projects that
bioenergy will provide half of this renewable energy
(Atanasiu 2010). In the United States, tsiates
have adopted renewable energy standards or goals
that require 10% to 30% of electricity production to
ome from renewable sources by similar dates, and

bioenergy counts as a renewable source. There are

various projections to supply 20% of worldeggy
through bioenergy by 2050 (IEA 2008), and others
with yet much larger estimates of bioenergy
potential.
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As of 2000the total human harvest of plants
for all purposes, including food, feed and fiber,
generated roughly 230 exajoules chemical energy
(Haberl 2010). Providing 20% of world energy by
2050 would require an additional 150 to 200
exajoules, almost a doubling of the total harvest of
world plant material. These figures reflect the
inefficiency of using land to generateable energy.
Producing even a small percentage of energy needs
from bioenergy will significantly increase the
challenge of feeding the world while protecting its
forests and savannas. Attempting to provide a large
proportion wouldmake it quite unfeasilgl.
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" Haberl (2010) uses the figure of 217 exajoules, but Haberl has
subsequently estimated that this figure, which uses FAO wood
harvest numbers, probably underestites traditional wood

fuel harvest, bringing the total up another perhaps 12 EJ (email
communication by Haberl to author, March 7, 2011).



Although boosting yields appears necessary to
save forests, how and when yield gains directly save
forests is both controversial and complicated.

A. The Basic €bate

By basic athmetic, higher crop and pasture
yields are necessary to provide more food without
expanding agricultural area. To Norman Borlaug,
the great plant breeder, this basic math made the
Green Revolution one of the great environmental
achievements of the centy, and the land use
conversion prevented by increased vyields is referred
G2 a afttryR aLl NAy3IéED
one recent study estimated that world yield gains
since 1961 have prevented world cropland from
more than doubling and saved g§i&jatons of
carbon dioxide annually through 2005 (Burney
2010). Other papers have begun to calculate the
implicit greenhouse gas savings from yield gains
(Palm 2010).

Despite this basic arithmetic, economists and
other researchers have questioned whet yield
gains by themselves protect forests. A seminal
2001 book edited by Arid Angelsen and David
Kaimowitz compiled case studies that described a
wide range of different effects of intensification on
tropical forests, with yield gains discouragingdbc
deforestation in some cases and encouraging it in
others. In a separate article, the authors
summarized studies of whether pasture
intensification saved forests, and concluded that in
general it encouraged deforestation (Kaimowitz &
Angelsen 2008). dter than focusing on pasture
intensification in general, they argued that policies
should focus on limiting forest available for
conversion and that would in turn encourage
pasture intensification.

One paper in 2008 statistically analyzed the
relationship on a country level between yield gains
for staple croplands and agricultural land area per
person and found only a weak relationship in
developing countries and no relationship in
developed countries (Ewer 2008). A 2@@fper
found that yield gains did not spare land at the
country level and declines in croplaegcept
among countries with seaside programs or
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increasing reliance on imports (Rudel 2009). This
paper also analyzed land sparing at the
international level ér individual crops, and found
that yield gains spared land only for some crops.
Most of the individual papers brought together
by Angelsen and Kaimowtiz offer narratives of
individual countries or regions and how forest area
shrunk or increased in respee to intensification of
the agricultural systems over time. The overall
thrust of the papers, and the conclusion of the
authors, is that such a large number of factors
influence the consequences of intensification on

intensification will or will not spare forests. Yet, the
factors raised can be grouped into a few important
categories for discussich.

Some studies
point out that even if yield gains spare land overall,
they may no spare forests because some new
forest areas may still be cleared, while other acres
are left fallow.

Some studies point out that
when productivity increases, those who own
farmland have more money and may be better able
to invest in akaring more land. That is likely to be
true although it is not clear if that results in larger
amounts of clearing or simply changes the time of
clearing.

Some studies have
alternatively claimed that productivity gains may be
assodated with consolidating farmland, which could
displace smalscale farmers, who move into the
forest, or alternatively, attract new migrants to crop
areas near forest, and thus spur additional
deforestation in that way (Matson 2006). Angelson
and Kaimowiz, in particular have emphasized the
displacement effect and have therefore encouraged
labor-intensive forms of agriculture avoid
displacing farmers into the forest.

The most important
contention is that yield gains and other productivity
gains lead to lower prices, which by then increasing
demand, can actually lead to more food demand
and therefore more land clearing. In a related
effect, when cropland needs declifier basic

8 A good summary is provided by A. Angelsen (2010).
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staples, farmers may use cropland for other crops,
such as fruits and vegetables, or for Amod crops,
such as rubber, which is really another way of
suggesting that yield increases result in more
overall production not less land use.

B. Analyzing the Contentionsthe
Distinction Between Global and Local
Land Sparing

At the detail level, each of the more recent
papers on land sparing has limitatiohisut the
fundamental distinction the literature has in general
failed to emphasize is the distinction between
global and local land sparing.

At the global level, yield gains would only not
spare land if they spurred consumption increases,
by lowering prtes, in the same percentage as they
reduced demand for land by increasing yields. That
is highly unlikely for two reasons. First, economists
generally agree that the demand for food is
relatively inelastic. A 1% decline in prices is
therefore likely tostimulate less than a 1% increase
in demand. Even if a 1% increase in yield resulted in

°® The Ewer paper examined land sparing per capita, which
controlled for population, but did nothing to control for other
factors that would increase consumption within a country such
as economic growth. In general, countries with large yield gains
are alsolikely to have larger economic growth and therefore
larger increases in consumption and demand for food. The
Rudel paper defined land sparing as occurring only if the total
cropland area declined in absolute terms. Because the world
was experiencing laggpopulation and income growth during
the 19902005 period analyzed, the world would likely have
experienced large increases in cropland area in the absence of
yield gains. The paper therefore mainly established that yield
gains did not occur at a high emgh level to reduce cropland
area absolutely.
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a 1% decline in price, demand for food would
therefore increase by a lower percentage than the
yield gain and overall land demand would decline.
In addition, a 1% itrease in yields is likely to result
in far less than a 1% decline in prices because even
a 1% decline in prices would only occur if land were
the sole cost of producing crops.

In reality, the increase in aggregate demand for
crops globally is likely toe much less than the
increase in production. To determine the total
demand response to lower prices, the relevant
focus is on the total demand for crops not the
demand for any one crop because of the
substitutability of various commaodities. That is
rarely studied. Roberts and Schlenker (2010)
estimated that a 10% decrease in the aggregate
price of major commodity crops would result in less
than a 1% increasin consumption. That result
meansthat even if a 10% increase in yield resulted
in a full 10%lecrease in price, the total decrease in
consumption would be less than 1%. Thus, when
yields increase 10% and consumption only increases
1%, the net demand for land declines 9% and the
opportunity for land sparing is theoretically
possible.

One reason thse effects may not be obvious is
that a decrease in the price of a single commaodity,
like pineapples or palm oil, could cause a fairly large
increase in demand for that crop as consumers shift
from other crops, such as oranges or sunflower oil.
In additon, productivity gains, such as through
mechanization, could lower prices and increase
demand without themselves increasing yields and
therefore without sparing land.

Yet these other ways of boosting productivity
and reducing prices raise an alternatiyeestion: If
yield and productivity gains to some extent lower



prices and increase consumption, is that bad?
Unless land sparing is the only goal, the answer is
no. So long as public goals also include decreasing
hunger and increasing food availableagrowing
population, then the increase itconsumption is also
of value.Although some people may be tempted to
think of expensive food as a good means of limiting
agricultural impacts and curbing overconsumption
08 UKS @¢2NI RQa
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poor.

Although yield gains will almost certainly spare
land globally, in an integrated world agricultural
market, there is no reason yield gains should spare
land locally. Yield gains in one counaryl typically
make its agricultural production more competitive
and therefore more able to generate exports or
more able to replace imports. As a result, although
local production may be capable of meeting local
demand with less land, agriculture in th@ountry
may still increase to help meet worldwide demand.
That is particularly true if yield gains are associated
with large-scale external sources of finance rather
than throuch upgrading existing croplanBven in
the socially worst scenarios in whigbvernments
collude with landowners to displace traditional
farmers and landholders, that is a messy process,
and it is simpler for governments to provide large
concessions for unclaimed land, such as forests and
wetlands.

Much of the world yield gainsince 1961 have
occurred in developed countries, and at whatever
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social cost to farmers in some developing countries,
they have almost certainly helped to spare tropical
forests. Yet the regions today associated with the
greatest emissions from deforestant Southeast
Asia and Latin Ameritaare precisely the regions
where dramatic yield gains have led to growing
export agriculture for soybeans, livestock products
and palm oil, among other agricultural products. As
dévielopiigy riatiord Saverstael to Imfwe their
agrieultitreQdg@cultaraf lanid KaS beguh dIBHRIQ &
more into the tropicq{Figure 3. From 1990 to
2005, cropland continued to decline in Europe,
North America and China, while it grew in Africa,
Latin America and Indonesia (Foresight Report
2010). The FAO study projects that these shifts will
continue.

These agriculture land shifts provide many
economic benefits to tropical countries, but, from
an environmental standpoint the shifts are a bad
deal. Losing a hectare of mature forest in the
tropics today sacrifices more biodiversity and more
carbon storage than gained by allowing a hectare of
temperate land to reforest. When measured as
tons of carbon emitted from land use change per
ton of food, the deal becomes even worse because
yieldsin temperate zones are higher, and each
hectare cleared and devoted to crops in the tropics
releases on average roughly thrdmes the carbon
per ton of crops as each hectare in the temperate
world (West 2010).




Figure3. Growing Percentage of Cropland in the
Developing World
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If carbon were the only goal, world climate scenario because of those effects (Paeth
policymakers might try to keep tropical agriculture 2010).
inefficient and make the southern hemisphere even To save forests and feed peopjéeld gains in
more dependent on food imports from the north. the developing world are vital, but the same yield
But that would not be good for people and the gains can alsoontribute to deforestation.That
economies of the tropics. Local food production creates an enormous challenge for climate policy
provides mordncome and employment, is more and food security in tropical forest regions.

reliable in countries without other strong export
industries to generate foreign exchange, and helps
keep food costs lower. Such a policy would of
course also not be realistic. Even ssdharan

Africa, the largest region tfie world most
dependent on food imports, produces 75% of its
grain itself, and more than 90% of its food overall.
The people should not have to suffer even greater
import dependence.

Despite the benfits of becoming more food
selfsufficient, the expnsion of tropical agriculture
runs the disturbing risk of altering the very
conditions that make expansion possible. There is
good reason to believe that tropical deforestation
may have its own regional effects on climate change
by altering albedo and wet vapor levels. One
study estimated that projected African
deforestation would turn the rosiest world climate
scenario for Africa into the equivalent of the worst
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The comprehensive solutions to these intecking challenges are far from apparent, but some guiding

principles and specific recommendations seem justifiable.

A. One Guiding Central Poligy

Maximize the Outputef Land
For most of human history, land uses that did

not produce harvestable plants were at most an
indulgence and at worst a waste. The principle of
the highest and best use of land focused just on
those outputs that people harvested and used. But
in an era of climate change, when carbon storage in
vegetation and soils is a newly understood
necessity, plant growth in all its forms is a value.
Meeting our needs for more food/feed/fiber and
more carbon storage therefore means taking best
advantage of theharacteristics of land that make it
most productive for these purposes. This requires a
ONBI RSN RSTAYAlUARZY 2F
that should still be a guiding principle. (And into
this mix, questions of water use, biodiversity and
social conglerations must obviously also play a vital
role.)

This principle has concrete implications.
¢ High yielding production of food/feed/fiber or

timber products can reduce the overall area

devoted to furnishing products for human

needs, thus making it more likely that land that

is best for carbon storage can also be

maintained through complementary goies.
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That is why policies should focus on more
productive use of all land, whatever its use
even land left for wildlife should be protected
and enhanced as well as possible. That is also
why taking land that is highly and efficiently
used for food prduction and diverting it for
bioenergy or for carbon sequestration is an idea
that inherently makes little sense, and
conversely why converting high carbon lands to
food production is also a bad idea.

Because of the value of immediate carbon
storage, dandoned agricultural land that is
merely building up sequestered carbon over
time may be less valuable for carbon storage
I;b A pIeCF aé ature oxeat thﬁt sttg the a8
Carbon alrea everthéless, thé ongomg

carbon sequestration from abandoned and/or
degraded land is still valuable.

Changes in land use do make sense from a
carbon perspective when land can be used
more efficiently in a new way than in its existing
use. Secondary forest land that is now
dominated by invasive, firprone grasses, for
exanple, is not being used efficiently and could
be more efficiently used for a purpose such as
oil palm.



