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Executive summary

I ntroduction

It is estimated that the human footprint has aéfléd3% of the global terrestrial land surface aad h
degraded about 60% of the ecosystems serviceseipdbt 50 years alone. Land use and land cover
(LUCC) change has been the most visible indicatdh® human footprint and the most important driver
of loss of biodiversity and other forms of land deation. Recent trends on global demand for fowtl a
bioenergy change — which are closely linked to fand energy price spikes and volatility — haveesis
concerns on the impact of LUCC change on bioditxeesnd other environmental impacts. Additionally,
LUCC change could lead to natural resource degmdat which affect the poor the most since they
heavily depend on natural resources. Since thd éanmmit in 1992, the international community,
individual countries, communities, civil societydabusinesses have increasingly become aware of the
environmental impact of LUCC change. This papeessss the LUCC change and explores factors
which could be addressed to ensure sustainabldagenent. The paper is divided into five sectiond an
the first one begins by exploring what sciencestei about LUCC change. The second section usss thr
case study countries to discuss how LUCC changgsemain practice. This is followed by an analydis o
the land management programs and the effectivensfessarket-based instruments. The fourth section
discusses LUCC modeling and the last section cdeslithe paper by looking at the future prospects of
LUCC change.

What does sciencetell usabout LUCC change?

We explore what science tells us about LUCC udiregrhajor terrestrial land use types, namely forests
and agriculture. We also discuss biodiversity aradewresources, both of which are closely linked to
each other and to agriculture and forest. Foremds across regions are driven by economic
development, government policies and other socimemic factors. In the past two decades (1990-
2010), forest density has increased globally whitest extent has slightly decreased by 0.2% par iye
1990-2000 and by 0.1% in 2000-10. Overall, foreshsity and extent has increased in high income
countries and generally declined in low income d¢oes. Related to forest is biodiversity, which is
enhanced by establishment of protected areas. {Bippeotected area increased by 38% in 2010 friam i
level in 1992.Despite the impressive increase woigquted area, loss of biodiversity remains quitghhi
since biodiversity is naturally developed over agdime and therefore increase in protected areatis
matched with immediate increase in biodiversityt feast in the short-run.

An environmental Kuznets curve — which shows aidecin forest extent as the economy grows and
subsequently an increase after reaching a threshelplains LUCC change trends in most countries.
Forest extent and density and biodiversity alseaewan environmental Kuznets curve pattern. Many
countries in the tropics are in phase two — indanggforest extent and density and biodiversity. ldger,

the forest transition — the environmental Kuznets/e of forest extent — has not been observednmeso
countries due to a number of reasons includinghgttomber markets, civil wars, government policies,
etc. Additionally, the predictive power of the emrvimental Kuznets curve has been reduced by
globalization and the increased role of internatidrade.



Rates of agricultural expansion are decreasingadipbut still expanding in sub-Saharan Africa (3SA
and Latin American countries. The decrease in esiparof agricultural land is largely due to incriegs
agricultural productivity. From 1961-2005, crop Igie@ccounted for 77% of the global increase in food
production but in SSA, contribution of crop yieldltbtal production was only 38%, the lowest amolhg a
regions. Hence the yield gap — the difference betwgotential and actual yield — remains wide in SSA
and other developing countries south and central Bst has narrowed in high income countries. Ihis
low income countries that there remains a largeem@l for increasing food production without
increasing agricultural area. This requires investimto address constraints which contribute to low
agricultural productivity, which include poor matkmfrastructure and generally low investment in
agriculture.

Demand for water is increasing fast. It estimateat the growing human population will require more
food, which will translate into doubling demand feater for agriculture from the current level 0130
km?® to 12,050 to 13,500 khin 2050.Additionally, water availability is expectto be less reliable in arid
and semi-arid areas due to climate change, whickxected to increase intra-annual variability in
precipitation and increased severity and frequericroughts.

How does land use change happen in practice, and how are competing demands on land managed?

Brazil, DRC and Indonesia are used as case sttalidastrate the impact of country policies on LOC
change. Brazil — home to the largest part of thea2on — has implemented policies which successively
led to degradation and later rehabilitation of &reazon. Until 2011, about 19% (762,000 %rof the
original Amazon forest area was cleared under jgglievhich encouraged colonization of the Amazon.
About 72% of the forest clearing took place fron8Q22011. However, Federal, state, and municipal
governments in Brazil realized the negative impa€the losses and took actions to stop deforestaln
collaboration with international donors, Brazil walsle to reduce the deforestation rate by 74% Ilg on
five years (2004-2009).

Similarly, Indonesia provided timber concessionscivhed to rapid deforestation. Agricultural expi@mns

— especially palm oil production — and decentréliza of forest management also contributed to
deforestation. Decentralization of forest managemenpled with limited local government budgets led
local governments to use timber concessions torganesvenue. As in the case of Brazil, the Indiames
government — in collaboration with internationaihdes — embarked on efforts to reduce deforestation.
These efforts included strict enforcement of pridcareas and incentives for protecting forestsarea
Community forest management programs were alsoeimghted. Recent data show that the annual
deforestation rate in Indonesia fell from 1.7% #9@-2000 to only 0.5% in 2000-10.

Forest trends in the Democratic Republic of ConB&RC) show a significantly different pattern.
Deforestation in DRC has been limited by the paurastructure and by insecurity, which deters
commercial logging. However, there is a large infak logging activity run by chainsaw loggers and
small-scale enterprises for domestic markets dedal export to neighboring countries. Additionally
there has been a steady increase in legal connsssionsequently the rate of deforestation has been
increasing. With the help of the various internadibefforts, the country has recently taken sevetieghs

to protect the Congo forest and other natural nessu One of such efforts is the community foréhe
decree establishing community forests is still pregdand it would probably give large powers to the
customary chiefs, who in DRC have often shown ddidhsense of accountability. Overall, the reach of



the public authorities is very limited in a counthat remains a “fragile State”, where corruptiersiill
omnipresent and the judiciary system is down.

What do we know about the effectiveness of land management systems at the sectoral level?

There is increasing debate on the role of marksédanstruments (MBIs) to reduce land use convessio
and other environmental issues. MBIs have the pialeto serve as an efficient alternative to
administrative regulations and prescriptive laws&dddressing environmental issues. Forest cettiibica
and eco-labeling have been probably the most ssftdddBl over the last two decades for enhancing
sustainable forest harvesting and management. tHam@ducts sold in high income countries with stric
environmental standards are required to have astfarertificate showing that the products were not
obtained from protected areas or other ecologidatigortant areas. However, effectiveness of forest
certification is largely restricted to a handful @mpanies exporting their products to environmgnta
concerned markets.

In high income countries, conservation easemergrpms — bilateral contracting with land owners or
users to not use land for certain development er-ulsave also shown considerable success. Othes MBI
have been used but they have been more successhifjli income countries than in low income

countries.

Programs which have also been fairly successfoledium and low income countries are those aimed at
enhancing Payments for ecosystem services (PE8)PHES programs pay land owners/users to conduct
environmentally friendly initiatives or to give ugestructive practices. Interest in PES has incokase
rapidly over the past two decadd oday there are more than 300 programs implerdewt|dwide,
predominantly used to address biodiversity, watmtskervices, carbon sequestration and landscape
beauty. Empirical evidence tends to indicate thatiewrelated PES have been more effective thansythe
probably because the buyers are the direct beagéisiof the service, unlike for biodiversity arathmon

PES where the beneficiaries are the global commamtl buyers are those serving as intermediartes fo
the present and future world community.

A major problem of PES is the compensation basetheropportunity cost. This has been regarded as
inequitable for the poorest populations. Freezisgy wights such as clearing, hunting or even thepact

of working in a forestry company deprives peopleopportunities to lift themselves out of poverty.
Additionally, elite capture in PES has also begrored.

Additionality has also remained a major challeng®BS programs. So do the competing priorities of
protected areas. For example, the debate on theDREE&volves around three distinct interest netwerks
those who give priority to carbon, those who amceoned about biodiversity, and those who defeed th
rights of local and “indigenous” populations. Asesult of this and other challenges, most decisants
rules and regulations on the REDD+ funded by gawemts and international organizations are still
pending The weak prospects of climate change negotiatioms p@sing another challenge to PES
programs. In sum, PES and other MBI programs ireggrcontinue to face daunting challenges to reach
agreement on a number of contentious issues. Howthee significant progress in international
cooperation on sustainable development made irpds¢ 20 years offers some hope and lessons for
facing such challenges.



How areland use and land use modeled in scenario exer cises?

Models for predicting future LUCC change use themrylink changes with its biophysical and socio-
economic drivers. Statistical approaches are tisedl to establish historical relationship betweerCCU
and its drivers. Three main types of models hawelved based on different disciplines: geographic,
economic and ecological models.

Geographic modelare focused on land allocation based on suitglafitand use and the spatial location
of ecosystems and population. Hence geographic Isxaeled to better allocate land use to areas with
minimal effect on the ecosystems. The models betipture the potential productivity of differenhth
uses and are better able to reflect land managetiim@mteconomic models. However, geographic models
assume that prices and other international feedbaGlbles are exogenous. This makes them lesgable
reflect the influence of international trade on kedtdriven agent behavioEconomic modelfocus on

the demand and supply of land-based goods andcesrvihey more effectively reflect the effect of
international trade and globalization on LUCC cheangidditionally, economic models use scenarios to
capture the influence of policies and other socioremic factors on LUCEcological modeldink land
allocation to species abundance and extinctionlogimal footprints and other environmental concerns
Ecological modeling methods also often assumepghegs and other economic variables are exogenous
factors, thus failing to fully account for their fircts and associated trade-offs in land allocation.

Over time, LUCC modeling has become more integrabeeaking the disciplinary divide. In fact, the
predictive accuracy of integrated models is highen those of the specialized models. Such intedrat
approach fits well with the ecological interrelaships of different land uses and the integratguiagrh
that characterizes sustainable development. Fanghea solutions to simultaneously achieve the food
security, biodiversity and bioenergy objectivesntdiximizing human welfare require use of integrated
models. Despite such progress however, predictidotore LUCC remains a challenge. Unforeseeable
shocks and events as well as incorporation of hubgdravior in LUCC models have remained elusive
and have contributed to poor prediction.

Prospectsfor thefuture

LUCC change is posing a grave danger to earth’systems. One estimate puts the safe upper boundary
for global cropland area to 15% of the total tdriakarea, a level that is only about three petags
point higher than current cropland area —which aotdor 12% of global land area. However, another
estimate by the UNFCCC Commission has concludetl dhaent global agricultural production has
already stepped outside the safe boundary. Los®diversity is already outside the upper boundeitiz

the current rate of extinction being 100-1,000 srhégher than the pre-industrial age level. Addiidy,
freshwater resources are also overwhelmed by tredsing population and climate change, which have
increased their variability and reduced their syppldry areas. The increasing demand for bioenbegy
posed yet another challenge to land and water ressuHalf of the global cereals consumption in
2005/6-2007/8 was due to US ethanol productionpopections by FAO/OECD show that 52% of maize
and 32% of oilseeds demand to year 2020 will betduxtoenergy. Estimates show that a large poxion
the area for bioenergy production will be deriveahi clearing forests and grassland. These treruls sh
that business as usual is not sustainable.

Vi



So what can be done to sustainably achieve foodrisgcprotect biodiversity and energy securiti?
recent forecasting study showed a decreasing gieldth at the global level. Food security is achlde

but this will require increasing food production mcreasing agricultural productivity in low income
countries where the yield gap is widest. This wéljuire addressing constraints which limit highield/

in such regions. These include increased investmesgricultural research as well as addressingetar
conditions and rural services, which will providechnical support and incentives for increasing
productivity. Achieving food security also requinesiucing post-harvest losses, which are high ih bo
developing and developed countries. Post-harvestl floesses could be reduced by investment in
processing and storage investment in developinghtdes and by public awareness in developed
countries to change food consumption habits wieeld lto food losses. Greater water productivityge a
required to increase yield in the regions whereswptoductivity is low.

On bioenergy, studies have cast doubt on the effiochbiofuels as mechanisms for reducing GHG using
current technologies. Efforts to use second geioerdeedstock provide some potential for liquid
bioenergy which does not compromise food secuntyl@odiversity.

Given the current high biodiversity losses, redgdiodiversity loss to pre-industrial levels wik thard
to achieve. However, significant reduction in biesity loss is possible. In this regard, the récen
increase in protected areas offers some hope.

Finally, prospects for international instruments fand use change management require synergistic
programs, which provide several ecosystem servidgs. means international cooperation on carbon and
other ecosystem service initiatives need to expttwser collaboration to achieve synergistic olyest

For example, closer collaboration of UNCCD, CBD, RMCC and others can simultaneously combat
land degradation, conservation of biodiversity aatbhon sequestration. This is in line with the isjoif
Agenda 21, which promotes cooperation and the imgjldf synergies among ecosystem initiatives.

Vi



CBD

GHG

HANPP

LAC

LUCC

MA

PES

REDD

SSA

UNFCCC

UNCCD

Acronyms and abbreviations

Convention on Biological Diversity

Greenhouse gases

Human appropriation of net primary production

Latin America and the Caribbean

Land use and land cover change
Millennium Ecosystem Assessment

Payment for Ecosystem Services

Reduced emissions from avoided deforestation
Sub-Saharan Africa

United Nations Framework Convention on Cten@ghange

United Nations Convention to Combat Deserdifion
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Part 1: What does science tell us about land use change?

Introduction

It is estimated that the human footprint has aéld@3% of the global terrestrial land surface (®aswh

et al 2002) and has degraded about 60% of the stewrsy services in the past 50 years alone (MA 2005)
The rates of land use and land cover change (LU@Bich had already increased in the last century,
accelerated in the last three decades at an algimel (Lambin and Geist 2006). These LUCCs mostly
impacted humid and sub-humid areas (Bai et al 2@@#)were largely along roads (Lambin and Geist
2006) and in agricultural areas. Today, agriculibceupies 38% of the globe’s ice-free terrestnmface
and is the largest land cover type by area (FAOSZAT1a).

Since the 1992 Rio summit, the global community besome increasingly aware of the environment and
the need for sustainable development through aerafgpractices and policies, including reduced
deforestation, increased environmental monitoregyicultural intensification, restoration of degedd
landscapes, reduction of environmental pollutiond gpayment for environmental services (PES).
Following the publication of the Millennium Ecosgst Assessment in 2005, sustainable development
efforts have increasingly become more inclusivotwus on all components of ecosystems. According to
Costanza et al (1997), ecosystems are goods avideseprovided by living organisms and their habita
with direct and indirect benefit to human populasoAccording to MA (2005), ecosystem goods and
services include:

e Provisioning servicesGoods provided—food, fiber, forage, fuelwood, phaceutical products,
biochemicals, fresh water, etc.

e Supporting servicesServices that maintain the conditions of life ontEa-soil development
(conservation/formation), primary production, neiti cycling

* Regulating servicesBenefits obtained from the regulation of ecosystpraocesses—water
regulation, pollination/seeds, climate regulatilme#l and global)

e Cultural services Intangible benefits obtained from natural ecosystemncluding recreation,
landscapes, heritage, aesthetic, etc.

The economic value of supporting and regulatingehservices is not well-captured in the market and
therefore always undervalued. Additionally, the déférof the non-marketed ecosystem services iy/abt
well-known (Balmford et al 2002). Such a lack oblriedge and apparent lack of economic value poses
a challenge for determining land use allocation mmodleling land use change. However, what is known
about the non-marketed ecosystem services sugtiedgtshey are likely to have a larger value than
marketed ecosystems. For example, Constanza &é0@r) estimated the annual economic value ofl7
ecosystem services — most of which were not traddtle market and therefore not considered in the
traditional GDP and other economic statistics be@mbout US$ 38 trillion per year (adjusted for 2600
value). The equivalent GDP in the same year was3@2%6 trillion (IMF 2011).

This paper assesses LUCC since 1992 and expldeteddactors which should be addressed to ensure
sustainable development. It starts by analyzingtvgb&ence tells about LUCC, and then examines how
LUCC happens in practice and how countries andgtbbal community are managing the competing
demand for land. The third section of the papenrénas what we know about the effectiveness of



different land management systems. The fourth @ectviews the state of knowledge on LUCC models.
The final section discusses prospects for the éutund draws policy implications.

Science of land use and land cover change

We explore what science tells us about LUCC usiegrhajor terrestrial land use types, namely forests
and agriculture. The two terrestrial ecosystems @dosely linked to each other and to water and
biodiversity. The relationships of the ecosystemes @omplex and this drives the increasing need to
analyze and treat them as ecosystem servicesptineesof provisioning, cultural and regulating seeg
that are crucial to human welfare (MA 2005; Rodlstret al 2009; Constanza 2011). In effort to
determine the trend of all ecosystem services, xaenae the ecological footprint, a resource acaagnt
tool that compares two opposing processes:1) tbdical capacity of land and sea area to produce
food, fiber, timber, energy, absorb byproducts aisumption and provide space for infrastructuregisi
the prevailing technology and 2)the demand forehssosystem services by a given population (Kitzes
and Wackernagel 2009).

Forests1

In 2010, the forest area covered 31% of global lareh and was equivalent to 0.6 ha per capita (FAO
2010).Globally, deforestation, the permanent cheprdf forests, decreased by almost 20% from 16
million ha year" in 1990-2000 to 13 million ha yeain 2000-2010 (FAO 2010). Sub-Saharan Africa
(SSA) and South America contributed the largestesbfideforested area in the last two decades (&igu
1). Recently, Brazil and Indonesia have signifisameduced deforestation rates. Australia saw an
increase in forest loss, largely due to drought faneist fires (FAO 2010). The forest trends in Aalka
underscore the role played by biophysical factorfoiest cover trends. As will be seen in the distan

of forest transitions and drivers of LUCC, foreséntds across regions are driven by economic
development, government policies and other socimeic factors.

Figure 1: Change of agricultural and forest area, 1992-2009
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1 We follow the FAO definition of forest — a land ssawith at least 10% of its area covered by trees.
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Note: Change computed as follows¥a , Where y = average area 1992-2000 and-yaverage area 2001-

20009.

LAC = Latin American Countries; SSA = sub-Sahardric&; EU = European Union.
Source: FAOSTAT data

Forest density, tree density per hectare, is thergkfactor of interest in forest change. In thet gao
decades (1990-2010), forest density has increaksshlly. The increase in forest density was most
pronounced in North America and Europe; the in@dasAfrica and South America was only modest
(Rautiainen et al 2011). Overall, forest densitgréased in 68 countries and accounted for 72%eof th
global forest area and 68% of global carbon masautiRinen et al 2011). In Asia, forest density
increased in 1990-2000 but decreased in 2000-261f0rast area increased significantly, largely from
afforestation in China. Conversely, deforestatiates and net losses in South and Southeast Asia
increased (Rautiainen et al 2011).

Forest transitions.

Forest transition theory offers some explanatiohirmk the trend of forest extent and density across
countries and regions. As it will be seen belovis theory has been tested empirically and showbpeto
valid with some evidence showing different pattefesy. see Meyfroidt and Lambin 2011). Forest
transition focuses on the forest stock change thed a predictable relationship with economic
development (Mather 1990). Forest transition hasetlphases represented by the environmental Kuznets
curve. In the first phase, increases in deforestatis the economy and population grow prompt greate
demand for agricultural and forest products. Indeeond stage, migration to urban areas, increasray)
labor wage rates, and intensifying farming reduled®r demand. The value of forest products also
increases. In the third phase, forest recoverynsaghen a threshold period is reached during wtheh
value of forest products has increased, prompting lowners to protect and/or plant trees (Coola et
2008) (Figure 2).

In most of the tropics today, countries are in phia#o, when urban population growth and agricultura
exports are the primary drivers of deforestatiorKbes et al. 2010). For some countries (Ethidfai

and Togo), forest transition has not occurred lgrgieie to a lack of alternative employment and/or
institutions that could enhance tree planting (Raidd al 2005). Others (Burundi, El Salvador, Rwand
and Sierra Leone), have been embroiled in the imggmf war, which has led to deforestation. Ihet
countries (Brazil, Indonesia and Cameroon), stréorgst product markets throughout the early' 21
century caused deforestation despite significanhemic development (Ruddel et al 2005). Recently,
however, Brazil has reduced deforestation by mbaa two thirds in only five years due to aggressive
policies and international cooperation. Increasahlé country’s forest plantations for paper, charand
chip board production have reduced pressure ortin@igorests. In the 1990s, 38% of all countries
experienced an increase in forest area after dafdien, suggesting that they reached the thresirudid
moved towards phase three (Ruddel et al 2005). Mosbpean countries and all of North America
experienced forest recovery in the™2@entury largely due to general industrializatiord @conomic
development. Forest recovery in Asia, including theovery in China, India and Bangladesh, exhibits
different pattern. Rural poverty in these countriesains entrenched, but the increasing value rafsfo



products has spurred rural communities and thergowent to plant trees (Foster and Rosenzweig, 2003,
Fang et al 2001). Government tree-planting programisch were implemented to head off flooding,
wind storms and other disasters attributable toréstation, also helped to increase forest aréd) (Ib

However, the predictive power of the forest traositmodel is being affected by globalization and th
increased role of international trade. Similarlpvgrnment policies, such as the one implemented in
Brazil to control deforestation at the municipaldethrough the creation of a black list of munadipes

that most contribute to deforestation, could alkange the forest transition by fastening the regove
process. For example, recent analysis suggestshinaielationship between rural populations aneédor
cover has weakened as globalization has linked wegitalized ranchers, farmers and loggers, and the
products with distant markets (Rudel et al. 2009).

Figure 2: Forest transitions — stylized model

40

35

30 \
s\ -
20 \

s\ _~

10 \\_/

Percent of forest cover

Source: Authors’ illustration.

A major conclusion from the forest transition arsidy discussed above is that while economic
development and forest product scarcity could &rggn increase in forest area, other socio-economic
characteristics may inhibit forest recovery. Aswghan Asia, government intervention could help fire
recovery. In Niger for example, the government pdss statute (rural code) giving land owners tenure
security of any tree that they plant or protectr@tanou, Abdoulaye, and Reij 2006).It is estimateat &it
least 3 million hectares of land have been rehabslil through tree protection, which allowed fotunal
regeneration (Adam et al 2006).

However, the rural code was not the only decidiagtdr that led to this remarkable success. The
prolonged drought that spanned the 1970s and1%&Dsol loss of trees, increasing the price of tree
products. This provided strong incentive to farmerplant and protects trees. Planted forest asea a
share of total forest area in Niger was 12% in 2840 was among the highest in SSA (FAO 2010).As
discussed in Box 1, this achievement was a redguét combination of efforts by local communities,



change in government policies and statutes, supfporh NGOs, and religious organizations and
environmental stress, which prompted communitiesfsolution.

Box 1: Regreening of the Sahel in Niger

Regreening the Sahel in Niger is a success story due to its remarkable progress in planting and protecting
trees that resulted from a combination of initiatives by the government, local communities, donors, NGOs,
and religious organizations. Starting in the 1970s, in response to extensive vegetation loss due to
droughts that lasted until the 1980s, the Nigerien government aggressively promoted tree protection and
planting. One measure was recasting Independence Day as National Tree Day. Additionally, since the
1980s, more than 50 government programs — including the Special Program of the President and the
Projet de Gestion des Ressources Naturelles (Natural Resources Management Program) — were promoted
by the government, NGOs, and donors (World Bank 2009).NGOs and religious organizations involved in
these efforts mobilized communities to plant and protect trees. They also built the capacity of local
communities to manage natural resources. For example, a religious organization initiated the farmer-
managed natural regeneration (FMINR)—in which communities protect or plant new trees and in return
harvest fuelwood, fodder, nitrogen fixation from leguminous trees, windbreaks, and other ecosystem
benefits (Reij, Tappan, and Smale 2008).

The government also revised its institutions and passed the rural code in 1993. This legislation gave
customary leaders more land management power and encouraged them to plant and protect trees and to
benefit from such efforts without government intervention. The forest policy gave landholders tenure
rights to trees that they planted or protected (Yatich et al. 2008; World Bank 2009). The changes provided
incentives for communities to plant and protect trees and helped them to cope with risky agricultural
production.

Additional policy changes and efforts by donors and NGOs also followed the 1970s—-1980s drought,
creating a new value for trees. Firewood and water as well as livestock were in short supply following the
drought. The loss of livestock wiped out the traditional strategy of using livestock as buffer stock against
shocks (Fafchamps et al 1998) — especially in northern Niger, where trees are used as fodder during the

dry season. People responded to this challenge by protecting growing trees instead of cutting them, as

had been the case in the past. Hence, tree scarcity significantly affected the livelihoods of rural
communities, prompting them to change from land clearing to tree protection.

Studies carried out to understand the drivers of regreening of the Sahel found that villages where tree
planting and protection projects were operating were much greener than what could be explained by
change in rainfall (Herrmann, Anyamba, and Tucker 2005). It is estimated that villages with FMNR had 10—
20 times more trees than they had had before FMNR started. Contrary to expectations, tree planting and
natural regeneration in villages with higher population density were higher than in villages with lower
population density (Reij, Tappan, and S




Agriculture

Agriculture is the leading form of human appropdatof net primary production (HANPP), which is
human’s harvest of photosynthetic products or afli@n of photosynthetic production. HANPP
influences biodiversity, reduces energy flow to #moman species and influences the provision ofrothe
ecosystems (Harbel et al 2007). Harbel et al (2@3Tjnate that even though cropland occupies only
12% of the global land area, crop harvest accoufaed9.8% of the HANPP in 2000 and grazing
accounted for 28.9% of HANPP in the same year. fRaft@gricultural expansion are decreasing globally
but still expanding in SSA and Latin American coiesd (LAC) (Figure 1). It is estimated that 70%tloé
grasslands, 50% of the savanna, 45% of the tengpdeatiduous forests and 27% of the tropical forests
have been cleared for agriculture (Foley et al 20Bktween 1992 and 2009, agricultural land area
increased by about 4% in SSA-- the largest increaa# regions considered (Figure 1).

Figure 3: Source of growth of agriculture, 1961-2005
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About 80% of agricultural expansion in the tropieplaces forests, leading to serious consequences f
biodiversity, greenhouse gas emissions and othgroemmental outcomes. Theory posits that population
growth induces intensification (Boserup 1965) ughsintensification occurs only if prices, markatsl
other socio-economic conditions favor such decigMortimore and Harris 2005; Boyd and Slaymaker
2000). If price and market conditions do not perimtignsification, population density has been assed
with land degradation (Grepperrud 1996; Scherr 2000

Agricultural intensification has occurred in algiens — including SSA. Figure 3 shows that from 1:96
2005, crop yield accounted for 77% of the globalréase in agricultural production but in SSA,
contribution of crop yield to total production wasly 38%, the lowest among all regions. The small



contribution of yield increase to total productioms due to the poor market conditions that provide
incentives for farmers to invest more in increagimgductivity. The global yield of crops increadey
47% between 1965-1985, but only increased by 208sden 1985-2005 (Foley et al 2011).

Where has agriculture been expanding?

Agriculture can only expand in an area that prowittee ecological requirements of crops or livestock
FAO’s Global Agro-Ecological Zone (GAEZ) definestable land as land with soll, terrain and climate
characteristics which meet the crop production irequents with specified input levels (Fischer et al
2002). On a regional scale, the countries of Latmerican and Caribbean (LAC) and SSA account for
the largest share of arable land (Figure 4). Howehe largest share of arable land has already pet
under use and available land for expansion is dichit About 90% of the remaining 1.8 billion ha of
arable land in developing countries is in LAC an8AS(Bruinsma 2009). Seven countries (Brazil,
Democratic Republic of the Congo, Angola, Sudameitina, Colombia and Bolivia) account for about
50% of the remaining suitable land (Ibid). Regidhat have virtually run out of suitable land for
expansion include South Asia and the NENA (Neat/Basth Africa). Expansion of agricultural land in
such regions requires investment in irrigation thieo soil amelioration measures.

It is also in countries with large arable land aiteat there are still large gaps between agricalltyield
potential and actual yield. Such a large gap pewithe potential for increasing agricultural prdaucto
cater to the increasing demand for agriculturaldpots. As will be seen below, closing the wide
agricultural productivity gap requires significanvestment to address constraints which lead tdaive

agricultural productivity.

Figure 4: Contribution of regions to global suitable land
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Water resources

There is abundant supply of freshwater (47.97 amilkn?) per year but only a small share is available at
the right time and place. For example, only a toirthe 110,000 kiannual precipitation reaches rivers,
lakes and the aquifers, of which only 12,000 kenavailable for irrigation, domestic and industriise
(SIWI et al 2005). Two thirds of precipitation i®sorbed as soil moisture or evaporates (lbid). Only
0.79% of freshwater is not frozen in ice or glagiend of that, a large share is groundwater.

Irrigation water use has tripled in the past 50rgeand irrigation accounts for 70% of global freaker
withdrawals (UN water 2009). One estimate — amoagyrestimates with different volumes — of current
water use for food production is 6800 ¥pear (Shiklomanov, 2000). The world populationvgtio of 80
million per year translates to an additional anrdezhand of freshwater of 64RrflUN water 2009). It is
estimated that the growing human population wifjuiee more food, which will translate into doubling
demand for water for agriculture from the curreatel of 7,130 kmto 12,050 to 13,500 kirin 2050
(CA 2007). Acoording to another estimate, additiowater withdrawal and use equivalent to 5,600
km?®/year would be required to eliminate hunger andemmourishment and to feed the additional three
billion inhabitants in 2050 (Falkenmark and Roadsty 2004), which is about three times the wated use
for irrigation today (Shiklomanov, 2000).

Water scarcity is already evident in dry areas.ddolet al (2007) estimate that about 25% of théhsar
river basins run dry before reaching the oceantdweater use. In 2000 about 2.3 billion peoplediwe
river basins with water stress, i.e. had accestds than 1,700 ?nper capita/year, below which,
disruptive water shortages can frequently occuvéRga, et al 2000). By 2025, Revenga et al (2000)
estimated that 48% of the global population wiléavater stress under business as usual.

The irrigation water supply reliability index (IW$R— a measure of availability of water relatieeftll
water demand for irrigation — is also projecteddéxline from 0.71 globally in 2000 to 0.66 by 2050
(Ringler and Nkonya 2012). Additionally, water dahility is expected to be less reliable in ariddan
semi-arid areas due to climate change, which isee®d to increase intra-annual variability in
precipitation and increased severity and frequesfcgiroughts (Meehl et al. 2007). It is estimatedtth
climate change will account for 20% of the increimsglobal water scarcity (UN 2003).

The increasing water scarcity calls for strategeeaddress the water stress — an aspect that belpd
increase agricultural productivity, which in turnillwreduce conversion of natural ecosystems to
agriculture. We analyze these strategies in thectepter.

Biodiversity

Biodiversity provides a variety of ecosystem sesicwhich, for a long time, have been ignored or
undervalued. Greater biodiversity ensures mordestain resilient ecosystems. The Chennai Declaratio
states that biodiversity must be conserved bechis¢he raw material for food and health nutmtiand
provides material for biotechnology industry (Kotkean and Altieri 2011). Hence changes in the
abundance and diversity of species may have seinmuects on human welfare. For example, up to 80%
of people from developing countries rely on wildrél and fauna for health care and wild meats peovid
30-80% of protein for many rural communities (Neisal 2011).



Realizing the rapid loss of biodiversity and itdguial impact on ecosystems and consequently human
welfare, 193 of the 194 countries in the world signatories of the CBD and 170 countries have direa
prepared their national strategies and action p{RIBSAPs). The CBD, ratified in 1992, set 11 gbals
with 21 specific sub-targets to be achieved by 2@BD 2010). A 2010 evaluation of the achievement
of the sub-targets done in 2010 showed that wialsingle goal has been fully achieved; there has be
significant reduction in the rate of biodiversibss for most of the sub-targets (CBD 2010).

Since 1992, the protected area in all regions mareased significantly (Figure 5). Globally, thetected
area increased by 38% from its level in 1992. Thwedase was especially large in the Middle East and
North Africa (MENA) region, due to the fourfold irease by Saudi Arabia, whose of protected area
increased about 4 times from about 148,000 km1993 to 588,000 kmin 1994. The Latin and
Caribbean countries (LAC) countries, which accdonthe largest share (25%) of global protectecdare
saw the second largest increase. This increaselyan@s due to Brazil, where protected areas iseea
almost threefold—from 812,000 Krin 1992 to 2.242 million kfin 2010. However ambitious plans to
accelerate economic development in Brazil coulddten protected areas.

Figure 5: Change in protected area in global sub-regions from 1992 level
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2The goals are: 1. Promote the conservation obitlegical diversity of ecosystems, habitats arahigs; 2.
Promote the conservation of species diversity;r8mte the conservation of genetic diversity; arfote
sustainable use and consumption; 5. Pressureshfabitat loss, land use change and degradationyraswstainable
water use, reduced; 6. Control threats from invaaiien species; 7. Address challenges to biodtydrem climate
change, and pollution; 8. Maintain capacity of gstasms to deliver goods and services and suppetttioods; 9.
Maintain sociocultural diversity of indigenous dndal communities; 10. Ensure the fair and equéablaring of
benefits arising out of the use of genetic resairté. Parties have improved financial, human ndifie, technical
& technological capacity to implement the Conventio



Despite the impressive increase in protected éwes,of biodiversity remains quite high. The 208part

of the Convention of Biological Diversity (CDB) she that 36% of the 47,677 species already assessed
are threatened by extinction (Figure 6), i.e., urthe current trends, the species will become ektin
(CBD 2010). Rockstrom et al (2009) also report thataverage, more than 100 species extinction per
million species per year (E/MSY) are lost, a lewlich is more than 100 times the planetary boundary
(10 E/MSY) deemed to be earth system’s safe opgragpace for human welfare. Current rate of
extinction is 100-1000 higher than the Holocene-{pdustrial) age level (0.1 — 1 E/MSY) (lbid).

Figure 6: Global biodiversity conditions
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Even though recent efforts to increase extent oéstocover through reforestation and afforestation
programs have helped to reduce net deforestati@y, do not fully restore lost biodiversity sinceclsu
natural biodiversity was built over hundreds of rgeand is composed of complex and diverse biomes.
Species that have shown the most rapid declin@idecbirds, mammals, and amphibians (hunted for
food) and medicinal plants (Ibid). Terrestrial Ligtsity losses have been driven by habitat logs an
degradation through slash-and-burn clearing, fdine=t, land use conversions, over-exploitatiorplait

and animal species, climate change, pollution,iavasive and alien species (CBD 2010).

Projections show that the impact of climate chamgdiodiversity loss is expected to increase inrkit
For example, the loss of ice sheets and the mettingermafrost in the arctic and Antarctic regi@me
threatening polar biomes.

There are underlying causes of biodiversity logs. éxample, a study covering 73 countries examined
the relationship between income and the threatxohaion for four major species (mammals, birds,
plants and reptiles). It showed a U-shaped quadratationship (Perrings and Halkos 2010) — ilee, t
Kuznets curve comparable with the forest transifiattern discussed above. The turning points diéfer
each country but the results were very robust (iRgs12010).
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Ecosystem services and ecological footprints

Ecosystem services are the “components of natinestly enjoyed, consumed, or used to yield human
well-being” (Boyd and Banzhaf 2006). The ecosystarmvices trend is analyzed using the concept of
ecological footprint. The ecological footprint isn@asure of the biologically productive land ared a
water required to provide food, feed, fiber, timbenergy and to absorb G@aste under current
technology (WWF 2012). The ecological footprint negents the demand for ecological services. The
supply of ecological services is represented bgdpacity, which is the area of productive land water
available to produce resources or absork, @@der current management practices. The net ity is

the difference between biocapacity and ecologwaidrint. Estimates show that since the mid-198ts,
world entered an ecological deficit, i.e., eartbislogical capacity to produce ecosystem goods and
services and human demand for provisioning servéceb regulating services -- mainly absorption of
CO2 -- was surpassed (GFN 2010). The ecologicadpfow is now estimated to be 45% higher than the
earth’s biocapacity, i.e., it takes the earth aldobityears to produce what is required by the dlbbman
population and to absorb the €@oduced using the current technologies (Ibid).

The ecological deficit is highest in North Ameriaad Europe, where carbon emissions account for the
largest demand for land area to absorb,.O0Oceania and LAC have the largest surplus ecahbgic
balance, while Africa has a delicate balance witly @ropland having a slight negative balance 660.
global hectares (gha). Global population growth Iesn the largest factor contributing to the edckig
deficit (GFN 2010). The population dynamics in SEd@ses the biggest challenge since it is only ig thi
region that population is expected to continue gngvibeyond 2100 and that the current growth ratkds
highest (UNFPA 2011).

Main drivers of change and sources of pressure on land-use
Population growth:

Population has been the major driver of agricultesgpansion (Foley et al., 2011; Bruinsma, 2009;
Ramankutty et al., 2002). Even though the posttimeelation between population growth and cropliznd
expected due to increasing demand for food, itde &rue that people tend to settle in areas deitfaip
agriculture (lbid). Technological development amteinational trade have weakened the relationship
between population and expansion as well as sedtliein areas of arable land (Ibid). For example, th
Green Revolution in Asia led to a much slower angaansion than would have been the case without the
productivity improvement. Borlaug (2000) estimatkat if cereal yields of 1950 had been unchanged
through 2000, a total of 1.8 billion ha of land Wwbhave been converted to cropland to meet theatere
demand. Instead, crop yield increases accounted/fidr growth in agricultural production between 1961
and 2005. Expansion into arable land accountedrityr 14% of growth (Figure 3).

Increasing income

Increases in income and changing food prefereneesrgacting the quantity and type of foods that th
world consumes. Over the past 60 years, the glaaage annual per capita growth of food and fiber
consumption due to income growth was 0.27% (Buchagtaal., 2010). The growth in developing
countries is much higher than is the case in higloine countries (Ibid). Increased incomes have
particularly increased the demand for livestockdpiais, fruits and vegetables. Delgado et al. (1999)
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estimated that the demand for milk in developingntdes will increase annually by 3.3% from 1993 to
2020. Southern Asia will account for 60% of therease while SSA will account for only 17% of the
increase (Ibid). Increasing demand for livestocicés “extensification” since the demand for land an
water for livestock is much bigger than for cropsr example, while 15 fof water are required to
produce one kilogram of beef, only 0.6 of water is required to produce a kilogram of eésdFigure
7).

Figure 7: Water requirement of crops and livestock products
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Urbanization.

Urban areas are growing fast and increasingly ogogplarger land areas. The urban population
surpassed the rural population in 2008 (UN 2008leTson 2011) and it is expected that by 2050, the
urban population will account for 70% of the toggbbal population (Seto and Shepherd 2009). Cities
occupy less than 3% of the global land area bw #erount for 78% of carbon emissions, 60% of
potable water use and 76% of industrial wood comdiam (Grimm et al 2008). However, measurement
of urban area is not well captured by current LU@@lels (Olson et al 2008).

Infrastructure development

Road development reduces transaction costs andaises access to natural resources. Hence, holding
other factors constant, road development could [Eadleforestation as observed by Nelson and
Hellerstein (1997) in Central America. However,amicworks have shown that such a pattern holds only
in countries with weak institutions. In countrieghwstrong institutions, road development doesaifatct
deforestation. For example, between 1990- 201@stoextent increased in Europe and China and has
remained almost constant in North America (CBD 2020l these countries and regions have good road
infrastructure, strong institutions and high or dieincomes.
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Studies have shown that access to road, electanifycommunication infrastructure is strongly clatiex!
with agricultural total factor productivity (Kamar2008; Foster and Briceno-Garmendia 2010). This
means that poor road infrastructure could leadwodgricultural productivity, which in turn coulddd to
the conversion of forest and other natural ecosyst agriculture. However, poor road infrastruetur
could also hamper the cutting of forests for timtb@r example, in Central Africa, the relativelyvoate

of deforestation is correlated with weak infrastames. The SSA region has poor road infrastructure,
which have contributed to low agricultural produitsi, which in turn has led to conversion of virgand

to agriculture. As shown inTable 1, SSA has a lang@structure deficit as compared to other deyeig
countries. Such large deficit contributed to theakast contribution of yield increase to agricustur
production in 1961-2005 and to the fastest deathper capita arable landeE ror! Reference source

not found.).

Table 1: Africa’s infrastructure deficit and cost

Other developing

Africa countries
Paved road density (km/Krof arable land) 0.34 1.34
Population with access to electricity %) 14 41
Population with access to improved potable watéf (% 61 72
Power tariffs ($/kwh) 0.02-0.46 0.05-0.1
Transportation cost ($/ton/km) 0.04-0.14 0.01-0.04
Tariffs of urban potable water ($/cu m) 0.86-6.56 .0330.6

Note:*Excludes medium income African countries (Southigsfy Kenya, Botswana, Gabon, Namibia, Cape Verde,
etc.) and is compared to other low income countiiiég rest of the statistics refers to entire Afrand other
developing countries.

Source: Foster and Briceno-Garmendia. 2010.

Access to markets and information helps land usemsake informed decisions. Farmers with access to
market information will respond to market signatslacould respond favorably when they have better
access to market and information. For examplefaim®us “more people less erosion” study in Kenya by
Tiffen et al (1994) was a result of better marlatess by land users in Machakos district, whiabniy

54 km away from the city of Nairobi (Boyd and Slaakar 2000).

Food prices & price elasticity of demand

Food prices provide incentives for farmers to conland to food production. The recent high foort@s

and the consequent land grabbing illustrate thitepa Large international deals were made follgwin
the food price spikes in 2007-08 and 2010-11 (&), which were driven by a variety of factorsttha
vary across the different agricultural commoditidsong these are investment-driven speculation, the
government policy response and the news media (Bedeand Watson 2011) as well as the rapid
increase in biofuel production from maize in th&lU(Rosegrant et al 2008; Baffes and Hanniotis 010
particularly in the run up to the 2007-08 pricekepiA more detailed discussion of the factors ulydey

the 2007-08 food price spike is given by Headey Bad (2011), who synthesize a number of findings
that have emerged in recent years as more dataelcase available. The trend that has been observed
which rich countries with arable and/or water dédiacquire lands in developing countries with atamt
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arable land and/or water has caused concern amolicy @nalysts and researchers (von Braun and
Meinzen-Dick 2009;von Braun 2011) as to the socoremic and institutional implications for small-
holders (Bomuhangi et al. 2011) and women (Behretaal 2011). Additionally, several investment
funds have indicated their intention to invest mtran US$ 2 billion in land for food production in
Africa (Ibid). Globally, about 46.5 million ha weracquired between 2004-2009 in 81 countries
(Deininger et al 2001; Toulmin et al 2011). Suctygéaland deals change land use. Many recent land
deals, for example, have displaced community-mahadgeds which combine shifting cultivation,
livestock, and forest resources (Toulmin et al 30®ith monocrop systems or other large-scale
production systems-- which in turn reduce biodiitgrsA recent study observed that foreign land
acquisition was more likely to occur in countriesthwabundant land and weak land governance,
supporting the growing concern regarding the ldgsrotection of vulnerable groups against foreignd
acquisition (World Bank 2011a).

Price elasticity of demand for food also drives LECIGood demand is price inelastic in high-incomé an
fairly elastic in low-income countries (Hertel 2QIhis means high food prices will lead to greater
incentives for producers to convert land.

Figure 8: Global Food price Index trend, 1961-2010
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Source: FAOSTAT.
Policies at national and international level

Policies both at national and global level havargéd influence on LUCC. Recent studies have shbain t
increasing food prices have prompted importing toes to change their trade policies to protect
consumers while exporting countries have changatktpolicies to the benefit of farmers. For example
the Global Trade Alert (http://globaltradealertrigund that 45 food exporting measures and 8%inp
measures were changed between November 2008 aratridey 2011. The impact of such trade policy
changes on the international rice, wheat and miateenational prices were estimated to be respelgtiv
31%, 13% and 18% (Table 2).
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Table 2: Contribution of domestic food policies (trade tax) on international price spikes of major
crops, 2005-08

Crop Total (Percent) Of which: Of which:

High-income Developing | Importing Exporting

countries countries countries countries
Rice 31 1 30 13 18
Wheat 13 6 7 6 1
Maize 18 8 10 7 11

Source: Anderson and Nelgen 2012.

The impact of the price change due to such policeedd be felt through the price impact on LUCC and
through the direct impact. Minimizing the negatingacts of country-level policies on global or i@l
community requires a global action through the Wdrtade Organization (WTO) and other forms of
international cooperation (Andersen and Nelgen 20i®Martin and Anderson 2012).

Countries have also used policies that encourageefa to use or not to use land or to improve or
degrade land. For example, the U.S. Conservatigem®e Program (CRP) fallowed 12.5 million ha in
2005 (Wunder et al 2009; Claassen et al 2009). ildeseen below, systems of payment for ecosystem
services implemented by countries and the intaynaticommunity have shown promising results of land
improvement and LUCC in general. However, the benef some PES programs have been questioned.
For example, Winscher et al (2008) observed liméddditionality of PES in Costa Rica due to the
country’s low deforestation rate.

Land tenure and property rights

Tenure security provides incentives for long-teand investments such as tree planting and soil and
water conservation structures (Feder 1987; Alstioal €1995) and LUCC. However, it has also been

established that land holders with insecure tenmasy plant trees or engage in other long-term

investments to enhance their security or as a rdetificclaiming ownership (Place and Otsuka 2002;

Braselle et al 2002). Other studies have also shihahinvestments by farmers with customary land

tenure were comparable or greater than investmgntabmers holding land with secure title deeds

(leasehold or freehold) (Toulmin and Quan 2000;nxgjer 2003). Additionally, secure land tenure is a

necessary but insufficient condition to determimeestment or LUCC. Other factors driving LUCC and

land investment incentives (e.g. those discussedagiplay a key role.

Global studies have shown diverse systems of lamdesship, tenure, and land rights exist across
continents, with different degrees of tenure ségudA recent study by Bruce et al (2010) showed tha
areas with strong land tenure security have radptilower living biomass carbon density than ansélk

rich biomass carbon density (Figure 9).
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Figure 9: Relationship between land tenure security and living biomass carbon density
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Bioenergy

Bioenergy places a new pressure on land demandgibhal growth in biofuel comes in the face of
increasing scarcity of energy resources and growdngrgy demand for transport fuel and other
productive uses. A number of OECD countries haygaged in large-scale biofuels production as a way
of exploiting renewable resources to supplement dindrsify their domestic energy portfolio. North
America has been the largest consumer of biofwets]dwide, followed by Latin America and the
European Union (IEA, 2008; von Braun 2008). TogetBeazil and the U.S. account for over 90% of the
world’s ethanol production; the U.S.overtook Braml the world’s leading producer of ethanol in 2004
Biodiesel, on the other hand, is mostly concentratethe EU (IEA, 2008). Besides the desire for
enhanced energy security and diversification, comaglicy motivation for biofuels production hasal
been to reduce greenhouse gas (GHG) emissionsféssit fuels, especially in the EU. The actual GHG
emissions savings, however, depends heavily opribduction pathway, and is a source of active @gebat
and research.

The extent of land use changes that are causedrtyg-$cale biofuels production has generated & grea
deal of debate within the energy and environmeptdicy and research communities. A recent study
showed that of the 203.4 million ha of land acqiiigtobally since 2000, 66% was obtained from Africa
and that of the 71 million ha verified by the stud9®% were acquired for biofuel production whildyon
25% was for production of crops for food, 3% faeltock production and 5% for non-food crops such a
cotton (Anseeuw et al 2012). This reflects the landhpetition and potential for compromising food
security efforts in Africa -- the world’s most foddsecure region--and carbon sequestration if such
acquisitions are located on forest land. HerteD8Gestimated that U.S. and EU biofuel mandatek wil
increase crop land cover at the expense of forespasture cover (Table 3).
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Table 3: Predicted changein global land use dueto US & EU mandates

us EU-27 Brazil

2001-2006 (% change)
Crop 0.3 0.7 1.1
Forest -0.7 2.1 -2.6
Pasture -1.4 -2.3 -2.2

2006-2015 (% change)
Crop 0.8 1.9 2
Forest -3.1 -8.3 5.1
Pasture -4.9 -9.7 -6.3

Source: Hertel et al 2008

Additionally, the mandates will lead to greater o$éertilizer and other agricultural inputs, whighturn
could lead to environmental pollution. For examei{z and Hertel et al (2011) estimate that byryea
2015, nitrogen fertilizer use will increase by 4.4 EU-27 due to EU bionergy mandates compared to
its level in 2001.

Land degradation

Land degradation, defined as loss of the capaditgral to provide ecosystem services, affected aibou
24% of the global land area between 1981 and 2B&Bs{ al., 2008). This is equivalent to a degraat

of about 1% of global land area each year or abh@u¥lha (UNCCD, 2011). This area could produce 20
million tons of grain each year or 1% of the globahual grain production of 2.241 billion tons (UBIQ
2011; USDA 2011). Globally, 1.5 billion people liem degraded lands. It is also estimated that 42% o
the very poor live on degraded lands (UNCCD, 2011).

Land degradation reduces both land productivity arradle land area. Land area is reduced when tand i
degraded beyond productive level. A reduction i@ pinoductive capacity of land leads to agricultural
expansion into forests and other natural ecosystearsd degradation could also change land use. For
example, it is common for farmers to turn highlygdeed cropland into grazing land. Increase in
population density also contributes to land dediadain developing countries when farmers
continuously cultivate land without adequate rejglement of soil nutrients. The per capita arabfella
area in SSA has decreased more than in any otiggrneein the world (Figure 10). Of particular
importance is fire, which has a large impact ordlanver. Human-induced and natural fires all change
land cover significantly. The ability to monitorrds using high frequency satellite observations has
improved over the years (Giglio et al 2009). In @0Buman-induced fires accounted for 3.2% of HANPP
(Harbel et al 2007). Naturally occurring fires alalber land cover,; it is estimated that there &08 2
million ha of lands, mainly in the far northern bal forests, that have been degraded by wild fires
(Minnemeyer, et al 2011). All this underline thepontance of land degradation in LUCC and how its
prevention could help address the overall impa¢amd use change.
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Figure 10: Trend of loss of arable land area per capita across regions, 1961-2009
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Part 2: How land use change happens in practice, and how competing
demands on land are managed

Introduction

Since LUCC patterns and trends and their driverg sanificantly across countries, we use threeecas
study countries to better understand their dynaramd interrelationships. We use Brazil, Democratic
Republic of Congo (DRC) and Indonesia, three céemitwith large rainforests that account for month
50% of the land area (Figure 11) and are at diffeségages of development. Brazil accounts for 13% o
the 2010 global forest extent of 4,033.06 millicm while DRC and Indonesia respectively account for
4% and 2% of the global forest extent (FAO 201T&e Brazilian agricultural sector has been a unique
example; its contribution to the GDP has increaseth 5% in 2006 to 6.1% in 2010 (World Bank
2011c) while its deforestation rate has fallen drtaically. DRC is home to the largest rainforeséfrica.
With 68% of its land area under forest (FAO 2010¢, country accounts for 34.6% of the region’s oarb
stock (Baccini et al 2008). However, forest conttédal only 2.3% of DRC’s GDP in 2006 (FAO 2010).
Forest and agriculture in Indonesia drive landalsnge. Forest is the largest land use type innesia.
The extent of forest in Indonesia covers about 58%and area and Indonesia has the third largest
tropical forest (FAO 2010).The sector contributes about 2.5% of IndonesiaBPG(lbid). The
agricultural sector, which contributes 16% of thBR5(World Bank 2011c) covers only 22% of the land
area (FAO 2010).

Figure 11 : Contribution of the forest sector to GDP and employment in case study countries
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% Brazil and the Congo are respectively the first aacond countries with largest tropical foresaare
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Land management in Brazil

Main interests at play

Occupation of the Brazilian Amazon, hereafter chllee Amazon, by humans dates several thousand
years. For most of the time, human occupation didaffect the integrity of the Amazon ecosystems, b

in the last four decades anthropogenic change fe@ded at an unprecedented pace, putting at risk
hydrological and biogeochemical natural cycles. d aeccupation of the Amazon has been driven by
several players or agents of changes operatindffatat intensities and in different areas andetim
periods. There are also multiple interests by thepents of change that can be summarized in four
groups.

The first group is formed by federal and state gonents, large construction firms and politiciartsow
have interest in accelerated development in theme&everal governmental development programs were
established in the past four decades to constmdttpave roads (Fearnside, 2002;Peres, 2001), build
hydroelectric dams to supply the energy demandha dountry and invest in the development of
industrial and mining activities. The second grésigrop farmers and ranchers who were supported by
the government in the form of subsidies and bankeaslers and politicians who provided credit and
other financial services to these activities. Thadt group includes settlers in public unoccupied
territories who harvest timber and small-scale minerhe fourth group is the leaders of local
environmental sustainable development programsycay groups and the international community, all
of whom aim to promote the environmental conseovatind maintenance of ecosystem services and
cultural diversity (Foley, 2007). The national alotal-level sustainable development and advocacy
groups include NGOs, governmental agencies, indigerand traditional communities and progressive
private companies.

The allocation of timber concessions to the natidoeest (lonag is also a major objective of the
government for the sustainable management of sl to avoidle factoopen access. Up to 35 M ha
are targeted for timber concessions.

Due to the interaction of these groups, the Amazawsystem has undergone rapid changes in the past
four decades. Until 2011, 762,000 kof natural forests were converted to predominacailyle ranching

and crop production (Inpe, 2009). This implies th@#o of the original Amazon forests were cleardte T
pace of forest conversion varies through years,itbuhe last three decades (i.e. 1980-2009) officia
statistics of deforestation shows that 4-5% ofdhginal forest was lost per decade. Most of thedb
conversion (72%) happened from 1980 to 2011 (Fiduge Additionally, selective logging, which is
mostly predatory and illegal, and forest fires etffen area of the same magnitude of deforestafiend,
2005; Peres, 2006).
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Figure 12: Annual deforestation rates and cumulative deforested areasin the Brazilian Amazon
Biomes
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Favorable conditions to initiate deforestation #rge scale in the Amazon were set in the lat€)49By
that time, the region had very low human populatiensity and this made the government to promste it
occupation with new road infrastructure and settiehin uninhabited territories. This was done ideor

to develop and integrate the region to the othetspaf the country. The government also aimed at
consolidating Brazilian sovereignty over its vastitory of 5 million knf. The National Integration and
Land Redistribution plans were the main policieplamented to achieve these goals. As a resultigf th
fast development and occupation process, defoi@stedpidly increased in the 1970s, mainly within
human settlement areas and along the main axidkrf@uiaba-Porto Velho, Santarém-Cuiaba, Belém-
Brasilia and Transamazonica Roads).

In the 1980s, the government continued to play ppmnrale in pushing the development frontier of the
Amazon region by providing subsidies to cattle lang and small-scale agriculture, and maintaining
infrastructure investments. Long-term tax redudigmovided incentives to developers of large- scale
mines. Hydroelectric dam construction also playadmaportant role in attracting more people to low
density occupation areas. So, too, did the spoateneccupation of large territories by gold mingrs
areas like the Tapajés basin and Maraba Serradmdara. Logging activities, especially for vaigh-
value tree species like mahogany, was also scalinglamaging vast areas of forests due to illegal t
harvesting and construction of large road netw@verissimo, 1995). It was when these activitiesaver
underway that the first alarming satellite imagesvéed the dangerous speed of rainforest destrud@ipn
the end of 1980s, 420,000 kimad been deforested (Figure 12).
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In the beginning of the 1990s, an NGO movement getklin Brazil as a result of growing socio-
environmental concerns. By this time, there wasgdike in government investments that encouraged th
occupation of the Amazon; nonetheless, the regiabismdance of natural resources, such as timber and
gold, and land availability, accelerated the reamofficial occupation (Uhl, 1997). Logging roads
opened in the late 1980s, providing access to rethesients and leading to the appropriation ofdarg
areas for mainly cattle ranching. The logging bdmasught ephemeral economic prosperity to dozens of
milling centers in states throughout the AmazonlliMj centers like Paragominas, in eastern Par4 had
240 sawmills that produced more than 100 thousawusccmeters of processed timber, generated
thousands of jobs, and generated high taxes (\fenssl992). However, due to a decline in timber
resources, sawmills had to close and move to aheas where timber was still abundant. This classic
illustration of a boom-and-bust cycle impacts utainsble logging activity—as well as any activity
over-exploit its resources (Rodrigues, 2009).

Combining data from deforestation, logged areasal rgettlements, major cities, and official and
unofficial roads, provides a clear picture of theéeat to which the Amazon is occupied by humans
(Figure 13). The occupation frontier goes beyonibr@station boundaries due to the extensive network
of (illegal) roads mostly for logging, mining opéoas, and settlement that can be detected byligatel
images (Brandéo, 2006). Activities like hunting, o8& species invasion, non-timber forest products
harvesting (NTFP), and others, are almost unddikchy satellites, making the area impacted by msma
much larger. Some 44% of the Amazon is protectexti®gimo, 2011). Throughout Brazil, there has been
an increase in protected areas since 1992 (FigtyeThese important areas work as an effectiveebuff
against deforestation expansion, but illegal loggand mining are still active if declining due tegter
efforts by the government to enforce the proteet®d and provide reward mechanisms for conservation
which is discussed below.

Government control on LUCC

Federal, state, and municipal governments haventakeions to stop deforestation through the
implementation of important measures. First, thetdtted Areas as Conservation Units was expanded.
With support from Brazilian and International NG@se Ministry of Environment created 487,000°km
of new Protected Areas between 2003 and 2006 @fers 2011). Second, the government imposed
stronger enforcement of the rules prohibiting de$tation. Third, the government created a list of
municipalities that most contributed to deforestatand imposed restrictions on access to credit for
agriculture activities in those areas. Paymentsefmrsystem services were also provided to incemtivi
land users to stop deforestation. If these landsupeotected trees and adhered to the deforestation
moratorium conditions, they were paid from fundsheyated through government programs and
international carbon offset funds (Nepstad et &l1@.Major International donors involved in the
Amazon’s protection include the Worldwide Fund ftdature (WWF) and the Germany and Global
Environment Facility (GEF) (CBD 2010), among otheks Figure 12 shows, deforestation rates started
to decline dramatically from its highest annuaérat 72,000 krhin 2003-2004 to only over 7,000 kim
2008-09, a 74% decrease in only five years (CBDO201
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Figure 13: M odern human occupation in the Brazilian Amazon and Protected Areasin the Region
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Figure 14: Trend of protected area in Brazil, DRC and Indonesia since 1992
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Pattern of LUCC in the Amazon and government objectives

The lessons from the last three decades showdhedtfcover change and land use in the Amazonmegio
were mainly driven by large-scale governmental $tment policies. Federal efforts to develop and
occupy the Amazon region from the 1960s to theye®®80s through road construction, subsidies to
cattle ranchers, and tax breaks to miners and bkigttsic power developers created incentives fer th
occupation of the Amazon. The government also plared continue to play an important role to control
deforestation by restricting access to unoccupiedd by creating Protected Areas, conducting ietens
and permanent enforcement of its new policy ainogarévent deforestation and promote sustainabbk lan
use practices. This has shown significant progaessdeforestation reached its lowest level sind®20
(Figure 12). Brazil has also put forward a paateiduce deforestation by 80% by 2020. The internatio
community, NGOs, news media and independent opileiaters have also been key to raising awareness
to the general society.

Market forces have also played an important rolee payment of soybean producers not to clear forest
(the so-called soy moratorium) demonstrated theoitapce and effectiveness of market forces in

controlling deforestation. However, an evaluatidntlos program is needed to identify strategies for

preventing leakage and other weaknesses.

In summary, the dramatic story of the Amazon’s @éasing then decreasing deforestation demonstrates
the role played by government institutions and #féectiveness of the incentive mechanisms
implemented in the last five years. However, musimains to be improved. In a recent study Fearnside
(2011) found that taking the exchange rate andtivelgorices into account matters. He found that
recently, the international price of beef and sel, fcutting the profits of commodity exporters pbe
(Fearnside, 2011).

Indonesia

Interests at play

Agriculture and forest are the two major land typéth stiff competition in Indonesia. Between 1990-
2000, the country lost 1.9 million ha per year of% of its forest cover (FAO 2011a). According to
Taconi (2003), however, forest fires destroyed Iilfion ha during the 1997-1998 el-Nifio year-- the
most significant el-Nifio damage in the world. Thenp industry has been one of the driving forces of
such loss and Indonesia is among the few countvils a large extent of tropical forest with high
deforestation rates (Grieg-Gran 2008). Commercigiing is also a major problem in Indonesia that
dates back to the 1970s. Between the 1970s and 800 60% of Indonesia’s 100 million ha of forest
was allocated to commercial logging, which led toamnual log harvest of about 70 millior? (Barr
2001) — well above government sustainable harvgdérel set at 25 million m(Casson 2001). One
reason behind this unsustainable harvesting wad988 decentralization of the forest sector (Casson
2001), which involved attempts by local governmeiatsncrease revenue and legalize logging (Barr
2001). In 2000, for example, the KotawaringinTindistrict collected US$ 6.2 million from natural
resources, more than half of which came from illéggging (Casson 2001). However, decentralization
only compounded the deforestation that had existegl before 1998 due to logging industry corruption
including the subcontracting of timber exploitatiaith perverse incentives (progressive payments for
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timber volume supplied by the contractors to theécessionaire) and overcapacities in the wood
processing industry resulting in massive amounibegfal logging.

Despite such an active lumber industry, agriculttemained the leading cause of deforestation in
Indonesia (Dechert et al 2005). Bearing in mindithpact of deforestation and in response to REDD+
initiatives, the government entered into a contraith the Norwegian government to suspend all
concessions for two years for the conversion otlged (partially decayed organic matter in wetlgnds
and forest areas to other uses (Murdiyarso et alR0rhis was part of preparations for the REDD+
National Strategy, which was announced in 2009.Urnties strategy, the Norwegian government
committed to providing US$ 1 billion to protect aiv@.2 million ha (Mha) of primary forests, 11.2 Mh
of peatlands, and 4.1 Mha of other types of conwerss(lbid). This was in line with the government’'s
voluntary target of reducing GHG emissions by 25¢2020(Ibid).

The current moratorium does not cover secondassfar logged over forest and it excludes convassio
for food and energy security, thus creating loophdlbid). Moreover, enforcement of this moratoriism
still uncertain given general weak enforcement godernance. As in the case of Brazil, the Indomesia
forest sector program shows the key role playeddmmitments from both the national government and
the international community. The annual deforestatiate fell from 1.7% in 1990-2000, one of the
highest in the world, to only 0.5% in 2000-201&@2011a). One reason for the reduced deforestation
is an increase in the protected area. Comparedstdevel in 1992, the protected area increased
dramatically in 1997 and in 2004 (Figure 14), andrethat reflects the land reforms (reformasi)
implemented by the regime that replaced Presiden&$o in 1998.

The Indonesian government has also implemented ptilieies to manage forest and land, including the
Kamasyarakatan (HKm), which provides farmer growjitt permits to continue farming on deforested
state land designated as Protection (or Productirest (PF) in exchange for sustainable forest
management. This approach contrasts with the gmmsibach, which included the forcible eviction of
farmers who encroached on government-owned foaesis| (Pender et al 2008). The implementation of
the HKm program is innovative as it empowers lomainmunities to manage state-owned forest land.
Communities are required to comply with forest nggemaent laws and use participatory decision making
and conflict resolution. The management permit alsecifies areas for crops and forests. For example
the HKm mandates that communities should set ptioteblocks of natural forests within 500m of a dam
or lake, 200m from a water spring, or 100m fromvarbank or land with a slope of more than 40%
(Pender et al 2008). On cultivated areas, farme¥srequired to use practices that won'’t lead td soi
erosion and other forms of land degradation. Conitiesnholding HKm are also responsible for
protecting the forest area from fires, illegal e@a@hment, and other threats. An evaluation of tKenH
program by Pender et al (2008) revealed that itlted in the increased planting of timber and
multipurpose trees.

Forest fires in Indonesia also pose a major chgdlén the conservation of tropical forests. Théss fare
often the result of attempts to establish plantetioit is easier to obtain a declassification o th
permanent forest estate when part of it has beemetuAccording to potential future climate sceosyi
conditions could arise that could increase wildfiezards in tropical rainforests. To control witd§, the
Indonesian government has enacted a number ofdad/isegulations. Compliance with these regulations,
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however, has generally been poor due to the lovaaigpof national and local institutions to enforce
them (Herawati and Santoso, 2011).

Overall, Indonesia’'s HKm and other land use pddicdemonstrate the long-held view that the

participatory involvement of local communities etmanagement of forests and other natural resource
promises cost-effective achievement. Such appreadiere worked in other countries and have
contributed to forest recovery not explained byneroic growth in the forest transition model (Foster

and Rosenzweig, 2003; Fang et al 2001; Ruddel29G8).

Democratic Republic of Congo

DRC, the largest Congo Basin country, harbors 1ildlomhectares of dense forests, with an additiona
23.7 million of driest woodland forest calld®lomboand almost 37 million hectares of wooden savannah
(Figure 15; de Wasseige al 2012). DRC, SSA’s third most-populated courithas a population of 70
million and a demographic growth rate of almost & annum. As DRC has not yet entered the
demographic transition stage, the population isetqu to reach 120-130 million in 2030 at the qutrre
rate. With a GDP per capita estimated at around $43006, the DRC is one of the world’s poorest
countries despite huge reserves of natural respuespecially mining products. In 2010, about 71% o
the population lived below the national povertyeliftNDP, 2011); the 2011 Global Hunger Index placed
DRC at the lowest level in the world (Grebrne¢ral, 2011). A global ranking of government effectivesie
(Kaufmann, Kraay and Mastruzzi, 2007), a governisemapacity to implement policies with
independence from political pressures and withaeisto the rule of law, put the DRC’s government as
the fourth least-effective.(World Bank, 2009).

A brilliant agricultural past and a small industriatimber player

In 1912, the Lever Brothers of Unilever establislitsdirst oil palm plantation in the Congo. Aftdre
Second World War, the country was among the lamggsorters of perennial crops in the world. In 1958
Congo became the world's first palm oil exportepasition eventually taken over by Nigeria (Tollens
2004). Total industrial production of the oil idiesated today at 25,000 tons. Presently, the DRbims
palm oil from Asia--about 80,000 -100,000 tons pear and growing. “Zairianisation” (nationalizatjon
and the accompanying civil war caused dramaticcalitire decline, with thousands of hectares of
plantations abandoned or looted. The Congo st#l the natural potential to become again an agro-
industrial powerhouse, but the institutional cont@eans that this goal is quite unlikely to be aghd in

the short term.

Industrial forestry—despite its potential in theuntbry—has always been underdeveloped in Congo.
Although most Congolese forests are not as rickpmmercial terms, as those in neighboring cousytrie
this underdevelopment is due to a lack of infradtee. The country’s road network is one of therpeb

in Africa: The country received the lowest “roadrsport quality index” rating in the region. In t@st

to Cameroon (18.4) and South Africa (100), it reedian 8. Worsening the situation is the fact that
Congo river cannot facilitate the transport of legghe Atlantic port of Matadi from the upstreaity ©of
Kinshasa; instead, the timber has to be trans-slifymm river boats to trains or trucks. The ptself,

“After Nigeria and Ethiopia with population of 160llilon and 84 million people respectively (FAOSTAD11).
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built in an estuary, cannot host large vessels idvarehouses are always saturated. As a result,
transport costs are very high. Carrying a cubicemef timber from Kinsangani to Matadi costs $120-
150, takes four weeks, and involves the signifia@sk of losing cargo (Debrougt al, 2007). Hence,
loggers who target exports only focus only on adfanof high-value species and, on average, they
harvest only 4-5 fof timber per hectare (commercial volume), onehaf world’s lowest rates. The
registered timber production is around 300-350,80@er year, and, in the past, had rarely exceedéd ha
a million. However, there is a large informal protdon run by chainsaw loggers and small-scale
enterprises for domestic markets and illegal expmitountries east of DRC (Uganda and Rwanda, for
example). Imprecise estimates put the productiod-Btmillion n? a year for this informal (and thus
illegal) activity (Djire, 2004). An unknown voluna timber is trafficked across DRC’s eastern basder
by informal but relatively large enterprises theg aot part of the traditional timber industry seciThis
traffic could represent several hundreds of thodsatubic meters per year, possibly more than the
exports registered from the Atlantic side. It sedhe this phenomenon has picked up since the 2009
construction, by the China-DRC cooperation, of kligangani-Béni 750 km-long road (from the north-
center to the far east of the country, close torldgé border).

The area covered by legal concessions has dramhatieeclined since 2000, when 42 million hectares
were allocated (Figure 16). The introduction ofaaea tax in 2002 led many permit holders to abandon
vast areas of concessions they kept unexploitedspaculative reasons. After a period of illegal
allocations in 2003-2005, the DRC decided to engagereview of the validity of the forest titlest the

end of this process, in 2009, the surface covesete@ial concessions dropped to 12 million hectares
(Mertens and Bélanger, 2010). There is still a nwam—set to last through 2012 at least—on the
allocation of new concessions. Due to the numethificulty faced by the enterprises in this “fragil
state”, the timber concessions, often operatingoimpetition with small-scale loggers and farmers, a
declining. In early 2012, one of the largest cosmes held by German interests (1.3 million hajetb
down for not being profitable enough. The abandarineé large concessions does not mean the forest
will remain untouched: chainsaw loggers and infdrreaterprises, which operate illegally even in
running concessions, are expected to take advarthgige existing trails networks to increase their
exploitation efforts.

Land use dynamics

Deforestation in DRC has increased with the pragvesend (except in the East) of the country’slcivi
war in 2000. The annual gross rate of deforestdtiori990-2000 was 0.15 % (0.11% net). It climbed t
0.32% (0.22% net) for the 2000-2005 period (de Wigeset al, 2012). The most recent data indicate
another increase for the 2005-2010 period, withoaln?2 million hectares lost overall—up 13.8 % from
the 2000-2005 period (Ernst al, 2010).

In DRC, the main drivers of deforestation are infal logging for timber for local or regional use,
charcoal production and land clearing by shiftingieators (Tollens, 2010). In contrast, logging fegal
export, plantation establishment and cattle rargloimly contribute a small share of deforestatiothim
country (Ibid). Spatially-modeled analysis undegtaky Delhage et al (2010) found that one of thenma
drivers of deforestation istraditional smallholdeagriculture activities, which are dominated byt®
crops (cassava, yams, and cocoyam) and banandaandips. These have low productivity, are based on
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shifting cultivation and use minimal to no externalPopulation increase in rural areas, forest
fragmentation and roads are compounding factors.

Figure 15: concessions and protected areas in DRC
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Figure 16: changes in the surface allocated to timber concessions

A B C D
Year 2000 | 2003 | 2007 | 2009

Area (million ha) | 42 25 26 12

Source: Mertens and Bélanger, 2010.

Large-scale plantations, notably of oil palm, hameenormous development potential in DRC. But so fa
million-hectare investments in the Equateur anceQal provinces by Chinese companies have not yet
been implemented. Projects for planting fire woasthalso been announced by private investorssbut,
far, not on a very large scale and with limitedpmtis. Many observers expect the imminent developmen
of large-scale industrial plantation agriculturel agribusiness in the country. This is the scerfasiored
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by McKinsey in a report endorsed by the GovernneéRC on the REDD+ strategy (MECNT, 2010).
It foresees up to 2 million hectares of new forestsverted into oil palm plantations before 2030.

The growing international demand for food, vegetabils and biofuels has translated into growing
pressure for controlling and developing new tra¢t&ind worldwide. Agribusiness firms are alreagyw
active in Africa, where concerns on “land grabbiagé mounting. However, several observers point out
the difficult investment climate in the DRC and #dremely poor state of the infrastructure andhef
public institutions (Tollens, 2010). Land tenursuss, which involve a complex duality between moder
law and local practices—where local chiefs can twegrful and often tend to behave as a landlorderath
than a trustee—make land investments in this patr@lland institutions environment risky. The ltexl
capacities of the forest concessionaires to conbt®llarge surfaces that have been allocated tm the
sound as a warning for potential investors in lesgagle plantations. The recent law on agriculture
requires investors to associate with a Congole8eeni who should own no less than 51 % of the
company share. Even though such specification bar bften bypassed in several countries, the foreig
private sector is highly concerned, especially sitiee law will not only apply to newcomers but aiso
those already operating. It recalls the “zairiaiisd of the 1970s, which led to the collapse df tince
flourishing agricultural sector.

For all these reasons, predicting large changédmnid-use in DRC is somehow uncertain, at least unde
the prevailing institutional and policy environmembllens (2010), a leading agricultural researabrer
DRC'’s agriculture, sees the state of agriculturéaasleclining and neglected smallholder agricultura
sector, rapidly increasing food imports, and ergstplantations trying to maintain only their protue
capacity with replanting”. Such statement contredithang et al. (2002), who predicted a rate otuahn
deforestation of 1.2% in 2030 due to the interlohkedynamics of population growth and shifting
cultivation.

As for the large-scale plantations perennial crdpslens considers that “The investment climate and
business conditions do not attract newcomers egtdhe sector. The lack of public support for the
agricultural sector, the lack of adequate infradtme and support services and Dutch disease type
problems result in a lack of international competitess compared to similar forest areas in paatiyu
South East Asia”. Tollens adds that in forest afeasst young people prefer to migrate to the cigash

that the population density will remain very loWihose diverging views on the dynamics of land-use a

a big challenge for the setting of a REDD+ “refemnscenario”, which is meant to anticipate
deforestation rates.

Mines and oil

DRC has one of the world’s largest mineral minimgl @il producing potentials. The allocation of
“mining squares” by the ministry in charge of tlgsctor is made without consideration of the land
occupation (forest concessions or protected amad)has a political priority, especially since theC
does not have a permanent forest estate. Many gnpénmits (exploration or exploitation) have been
allocated on forests, especially in the East. Hawethose permits are not systematically used &g |
difficult to say if and when they will be used. Bificant oil pools have been detected in the Eadtia

the central “cuvette”, where the forest cover ing#st. Some national parks, such as the Virunga, ar
degraded by exploration and threatened by oil etitna.
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Figure 17: Map of mining squares in forests
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A dynamic REDD+ national coordination in a “fragileState”

The DRC has engaged in an active REDD+ prepargpimtess, thanks to a dynamic REDD+
coordination unit that has launched numerous ssuatiel initiatives, and is currently preparing thidioe

of what could be a cross-sectoral strategy. The DRECbenefited from significant financial suppooth
foreign donors, and the ministry in charge of ftmesand the environment has gained credibility.
However, the ownership of this process, beyond @lssaommunity of stakeholders in Kinshasa and their
international counterparts, remains an open is§he.2011 agricultural code does not reflect REDD+
concerns, and land developmenn{ée en valetij remains the compulsory condition for accessietdy
land tenure security. The absence of a permaneestfestate in the 2002 forestry code is how seen a
impeding the national REDD+ strategy. The proviheiathorities, who have gained power in the last
decade, seem not to see any contradiction betwa@imaing “business-as-usual” activities and gettin
remunerated through REDD+. The decree establistamymunity forests is still pending and it would
probably give large powers to the customary chietsp in DRC have often shown a limited sense of
accountability. Overall, the reach of the publidhauities is very limited in a country that remaias
“fragile State”, where corruption is still omnipeeg and the judiciary system is down (Karsenty and
Ongolo, 2012).
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Part 3: What do we know about the effectiveness of land management
systems at the sectoral level?

Market-based instruments: Promises not (yet?) fulfilled

An increasing volume of literature emphasizes ttoedasing use of market-based instruments (MBIs) as
alternatives to administrative regulation and pripsige laws for addressing environmental issuashke
2009 TEEB document, the author states: “Experiestamvs that environmental goals may be reached
more efficiently by market-based instruments thgnrégulation alone”. Before getting back to this
statement, another issue has to be addressedrify thee debate: are the so-called MBIs really abou
market(s)? For the same TEEB report, “Market-bassttuments, such as taxes, charges or tradable
permits can, if carefully designed and implementeainplement regulations by changing economic
incentives, and therefore the behavior of privaters, when deciding upon resource use”. Put likg t
one understands that MBIs are not necessarily abeeitmarkets but are encompassing a wide range of
instruments that can modify the relative pricesadeecreate incentives for the economic agents. For
Stavins (2005), MBIs are not outside the scope egfulation itself: “market-based instruments are
regulations that encourage behavior through masigtals rather than through explicit directives”.
Incentives created through changes in relativeeprigeem to be critical in the definition, and -trees
reference to taxes suggests in the TEEB report rkatsaare summoned as a metaphor, an organizing
fiction of the world, for these incentives. In otheords, MBIs use does not necessarily mean true
markets and commoditization of nature’s elementas—-we will see for PES — but are, first, about
“achieving outcomes through the self-interest effirms and individuals”.

Offsets

Environmental offsets schemes have been used fite qulong time in western countries. They are
“voluntary or mandatory arrangements in which firmisdustries or national governments offset
unavoidable environmental damage in one locatia wivestments in environmental conservation in
another location (...) The Wetland Mitigation Bankingerating in the United States is an advanced
model of an offset scheme” (Swallow, 2007). In tfésnily, one should mention the Transferable
development rights (TDRs) system, a cap-and-tragehamism by which forest holders (those who have
at least an effective right of exclusion on theeftrthey use) can sell non-used development rights
other forest holders who need to clear the forestobd the threshold (cap) they received. Such a
mechanism needs setting a maximum of deforesté&tiaw) by zone and a stringent control mechanism. A
mitigation banking institution can be set up toulate the exchanges and reduce transaction costs. |
Brazil, where deforestation is capped by law onrthral properties in the legal Amazon (20 % of &énea

in most cases), such a scheme has been implemamtgitbt basis in some states and under the federal
law, landholders have to replant land they cledvegond legal limits or buy and preserve the same
amount of forested land elsewhere to make up foatwhey cut. As pointed by Chomitz (2004),
“Transferable development rights (TDR) program®io# means of minimizing the opportunity costs (in
foregone agricultural rents) of protecting a dekigaantity of habitat”. However, in spite of theples
placed in the spreading of such instrument, it Seiésrexpansion has been impeded by several factors
Brazil. The main explanation is that its impleméiotalies on an effective enforcement of the lawtioa
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forest reserve, which has been barely done evamgthaoticeable progresses have been made on this
way under President Lula’s presidency that explaies positive results yielded by Brazil in curbing
deforestation. Such a matter of fact recalls theessary complementarities between MBIs and the
enforcement of the rule of law. As with the intdiomal climate negotiation in which the incapadaity

the international institutions to set a global esiwins cap and to sanction those governments whwto
fulfill their voluntary commitments has ruined KgotProtocol, the difficulty faced by the Brazilian
government to properly monitor what is happeningraral properties and, moreover, to sanction non-
compliers, represent a critical stumbling block fiee use of TDRs in countries where the rule of iaw
barely enforced. In addition to that, TDRs, as maffgets schemes, need a well-established system of
land property rights, a condition which is not fllih many developing countries.

Conservation easements

Given the difficulty to set and enforce cap-anairamechanisms in developing countries but also in
many industrialized ones, another class of instnimés favored by conservation organizations, those
which are setting “conservation easements” troutditdral contracting with landowners or land users.
Such bilateral agreements are widely used in Nantierica, Australia and some European countries, and
are exported in the developing world through then&ervation concessions” concept and some payments
for environmental services (PES) schemes.

Under such common principle, the land owner or useeive payments from a third party to conserve al
or part of the ecosystem it uses and have righis.upcould be also, for a company, planting treeshe
land owner estate, and acquire “carbon rights” tteat used for offsetting carbon emissions, as it is
practiced in Australia and New-Zealand. Conservationcessions have been designed, first, for tgrnin
industrial logging concessions into conservaticgaarin a context in which the forestland has lggall
stay State’s property. In Cameroon, such consemvatoncession scheme has been contemplated (for
almost ten years now) by international NGOs to enéthe government to allocate an 830,000 ha drea o
primary forest to logging companies. But, here magaith some conservation concessions set in Gyyana
Peru and, allegedly, in DR Congo, the expansiorswth scheme has probably not matched the
expectations of its promoters. This situation cdubevever change if the REDD scheme were to become
operational in the next future.

Payments for environmental services

Paying actors to conduct environmentally friendijtiatives or to give up destructive practiceslhie t
purpose of payments for environmental services JPESrest in PES has been increasing rapidly over
the past decade. There are today more than 30@aonegmplemented worldwide predominantly used to
address biodiversity, watershed services, carbajuestration and landscape beauty. Nation-wide
programs are run in China, Costa Rica, Ecuador,idde¥ietnam, the United Kingdom and the United
States. Several empirical evidences tends to iteltbat water-related PES have been more effettiave
others, probably because the payers are the dieseficiaries of the service, unlike for biodiveysand
carbon PES where the direct interest of the sep/imgyer — who act as an intermediary for the werld
inhabitants and the future generations, to ensudeitianality and absence of leakage outside the
perimeter of the project is not so strong.
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One of the most commonly used definitions is tHaBwen Wunder (2005): “a voluntary transaction in
which a well-defined environmental service (ES)aoform of land use likely to secure that service is
bought by at least one ES buyer from a minimumnaf BS provider, if and only if the provider contsu

to supply that service (conditionality)”. This dafion uses market terminology (buying), which i3t n
free of ambiguities about the nature of the sertied is the support of the transaction and cam eve
create confusion about possible “ownership of twises” (in market relationships, one can only sel
what one possesses). Environmental services angiegiassociated with elements (for example the
quality of water flowing through a drainage basin,the carbon storage capacity of a forest) that ar
collective or public goods by nature. FurthermdP&S are not really about selling environmental
services. In most cases, PES agreements provideofopensations for agreed restrictions on land use
(e.g. stopping natural habitat destruction pras)iead, in that sense, compare to conservationmeass.
Therefore, the amount of the PES differs from tlumetary value of the service, just as in econontiies,
price is different from the value. If there is nanket, as for biodiversity, the scope of the momneta
evaluation is limited, especially as it is diffictib establish an economic value for heterogenesasts.

If the service has a market, however, as for carth@nprice of the service will depend on the refethip
between supply and demand, but will not corresportie market price due to operating and transactio
costs.

The amount of a PES and the implementation of RIBSmses therefore dwt depend on the monetary
evaluation of natural assets. They are determinethéans of negotiations, which may or may not be
balanced, and the amount should in principle cateleast the net cost of giving up an activity (the
opportunity cost) linked to the usage restrictionchanges. Indexing payments on the opportunisg co
nevertheless has certain disadvantages and negatleeeffects. “Carbon” PES (especially through
avoided deforestation, the basis of the REDD mesh@mmay be sources of financial gains for opegator
In a carbon market (voluntary or regulated) witkiragle price per ton of CQesulting from supply and
demand, some agents providing an avoided defoi@staervice will have opportunity costs that are
lower than the value of avoided emissions, caledlatn the basis of the price per ton of ,CDhis
difference between the “production cost” of avoidbforestation and its “purchasing price” creates a
surplus. This surplus may be conserved by the agbut will more likely be captured by carbon marke
brokers or PES project promoters, who will therglay themselves to varying extents. Moreover,
conserving forests in agricultural frontiers in theazon instead of cultivating soybean, or in SoAsia
instead of planting oil palms, generates opponuoitsts that are often high since these crops ang v
lucrative. PES programs will therefore concentrateforests that are under less threat at the risk o
paying actors who have nothing to lose by avoidiefprestation (zero opportunity cost).

PES are caught between two stumbling blocks: wtterepportunity costs are high, the sums available
are often not enough; but where the opportunity ow, the risk of paying for environmental sees

that are not endangered (lack of additionalityhigh. Verifying additionality would require signitant
means in order to analyze local situations, whiclilal imply higher costs. The Costa Rican PSA scheme
is often considered a model, but has been criticitmr not being sufficiently efficient (lack of
additionality); Pfaff et al (2007) find very low jmact of the PSA scheme on deforestation, since ofost
the payments went to landholders who would not ltieferested even without payments. PES programs
often make fixed uniform payments on a per hedbasss and have been criticized for that. The OECD
(2010) pointed out that individual landholders kkely to have different opportunity costs of ecsgm
service provision and suggests taking these diff@e into account. But such a choice encompasikes ot
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challenges. A major problem where PES and theiakacceptability are concerned is that compensatio
based on the opportunity cost is inequitable fa plmorest populations. Freezing user rights such as
clearing, hunting or even the prospect of workim@iforestry company deprives people of opportesiiti

to lift themselves out of poverty. Moreover, withiemmunities, it is often the poorest thatdepend on
natural resources. By giving up certain activittb&y lose vital access rights that are not gelyeoéfiset

by the payments, which are based on the averagertopjty cost for the whole community. Nor is it
unusual for these payments to be monopolized byeiites”. Simply compensating the opportunity cost
for very poor farmers therefore raises ethical ciipes and is enough to justify envisaging anothesis

for payments.

Finally, adopting the opportunity cost as a basisdompensation does not prepare for the long term.
Compensating for the loss of income from givingagptain subsistence activities may free up working
time but does not release any new resources taradtpe capital needed to implement new agricultura
or agroforestry technologies. Although a sophistidanational PES program in Mexico is based on
assessment of various opportunity costs at localleone can think that, in poorest countries, the
feasibility of large-scale PES strategy will depempdn the design of “assets-building” PES, whictanse
beyond the opportunity cost compensation logic. ey, although the ecological intensification of
agriculture is a necessary condition for reducirgspure on ecosystems, it is insufficient. Thiseien in
the mitigated results yielded by the Alternative dash-and-burn (ASB) programs of the past two
decades: with the extra income generated thankgdosification programs, farmers developed nevh cas
crops elsewhere at the expense of the forestdetimd effect” (Fearnside, 1997). Hence the propimsal
combine investment in more intensive agricultueghhologies with direct incentives linked to ecosys
preservation provided by PES. Broader PES, in otverds aimed at investment, may combine direct
incentives with conditionality that was previoukdgking.

Certification and eco-labeling

Forest certification has been probably the mostessful MBI over the last two decades for improving
producers’ practices. Initially designed for tanglitropical forest degradation, and hopefully some
deforestation threats by rising certified timbeicgs and makes forest conversion less attractiviead
become an unavoidable passport for woods willingeth certain western markets. It is unclear rifiso
certification schemes such as the PEFC (Progranh®iEndorsement of Forest Certification schemes)
created in 1999, by the European timber industrysioall forest owners, has really changed praciites
temperate and boreal forest. As for the nationglfipation schemes, such as the ones from Malagsia
Indonesia, endorsed by PEFC, their lack of indepeoé vis-a-vis their governments has undermined
their credibility for the buyers. The Forest Stegigdip Council, launched in 1993, has gained a large
audience and a relative credibility thanks to mslependence vis-a-vis both the industry and the
governments (Auld et al, 2008). More than 140 woilliwere certified by mid-2010, with the bulk of
surfaces concentrated in boreal and temperatene@ine of the striking results in terms of FSC $bre
certification has been the unexpected high numlbeneatares certified in the Congo Basin, where
governance is notoriously deficient. With aroundhilion hectares (11 concessions) of exploited radtu
forests certified on three countries, the region campare with the large Brazil where most of the
certified areas are not logging areas. The impbstich certification is noticeable in companieshior
compared to what it was before the first certificafas issued in 2005. According to Resources Bidrac
Monitoring, a specialized NGO having being appainés watchdog to perform independent monitoring
of forests operations in Cameroon, then in CongaezBaville, certified companies are complying much
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more with legal requirements, which set quite highnagement standards that are barely enforced
otherwise, than other enterprises (REM, 2010). iBogmt social achievements have been also repanted
the large FSC-certified concessions. However, tis of certifying large concessions is significand

the price premium brought by the certification imiled and likely to disappear when the market is
turning down, as it has been the case in 2008 aad.2

Forest certification under international schemeshsas FSC provides some room for improvements of
concessions management even within a context ofg@wvernance and public regulations failures, but
such dynamic is likely to be restricted to a hahdffi companies exporting their products toward

environmentally-concerned markets with few spirsah the other parts of the forest sector.

The FLEGT initiative

lllegal logging has been one of the issues rankinthe top of the forest-related agenda for ardemnd
years. Several studies have suggested that iltegated timber from natural forests was exceedieg t
legal one in places such as Indonesia, DRC an®taglian Amazon discussed above (Scotland et al.,
2000; Djire, 2003; Lawson and McFaul, 2010).

The European Union has been engaged in bilateigbtia¢éions with a certain number of countries
exporting tropical timber to conclude voluntary tparship agreements (VPAs). These accords are
intended eventually to prohibit entry into the Eagan Union of timber from countries that have signe
up to the VPAs but do not possess a FLEGT (Fdrast Enforcement, Government and Trade) licence
to guarantee that the timber has come from a Isgaice. WTO rules would probably not allow the
European Union to refuse entry to timber origingtitom countries that have not signed VPAs.
Negotiations are under way with Ghana, Indonesialaiysia and Cameroon and most of them have now
signed up a VPA. Other countries (Gabon, Congolllshioin these negotiations soon. Brazil has raeluse
point blank to do so. Negotiations drag on withdnesia and Malaysia because these countries aid afr
that they will be penalised compared with competitsuntries which reject the procedure (such agiBra
and China).

A recent Chatham House study (Lawson and MacFadlQ@finds that “while illegal logging remains a
major problem, the impact of the response has lbeesiderable. lllegal logging is estimated to have
fallen during the last decade by 50 per cent in €aon, by between 50 and 75 per cent in the Baawili
Amazon, and by 75 per cent in Indonesia, while irtgoof illegally sourced wood to the seven consumer
and processing countries studied are down 30 petr feem their peak”. However, such estimations
would need to be confirmed by reliable data, whichnot exist since the bulk of illegal logging is
associated with informal activities. Such smalllsdagging activities supply domestic and, sometime
sub-regional markets. As the timber produced they v barely entering the international tradegsit i
essentially below the radar screen and extremdliguwlt to quantify without in-depth field studie$he
measure adopted to exclude illegal sourced timigernal trade have certainly yielded significargutes,

but this does not means that quantities of illdgaivested timber have decreased. Several empirical
evidences suggest that the duality in the forestibsén less-advanced tropical countries has widéne
the two last decades.

°See ClientEarth (2009) for an analysis of WTO jmislience about trade of natural resources.
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Forestry within the climate regime: CDM and REDD+

Deforestation is a problem that mainly concernsetiging countries. Yet these countries are not
committed to quantified emissions reduction targetder the Kyoto Protocol. They only participate in
the collective effort through the Clean Developmideichanism (CDM), for which tree planting projects
are eligible. These are emissions reduction prejémt which the promoters can earn certified “carbo
credits”, which are negotiable on specialized mak€o date, “forest” CDM projects (afforestatiomda
reforestation) have been something of a failurdy & projects have been registered out of 3534 (at
18/10/11). The ban of forestry-CDM credits into theropean Trading Scheme and the specific crediting
regime for afforestation/reforestation projectsx@iging credits” valued less than the “permaneetdis”
allowable for energy-related projects) to take iatwount the risk of “non-permanence” of the carbon
storage in forest biomass, have dissuaded manptmdtsvestors.

CDM is criticized by many as a poorly effective lttm tackle climate change. Being not a cap-anddra
instrument, its capacity to reduce true emissioes dn the “baseline scenario” which is a busirsess-
usual projection of the “without CDM incentivestistion. Although framed by precise UNFCCC
guidelines, the design of the baseline scenarstilisa controversial exercise, not exempt fronatggic
behavior of the project proponent and the asymuoadtinformation (on the true marginal costs and
benefits of the proposed activity) between the prgmt and the appointed analyst opens the dodreto t
crediting of many non-additional projects deliverithot air” that are used subsequently as offsets f
GES emissions. The verification system, by spemdlicompanies, could create conflicts of interast a
adverse selection: currently, third party verifiare paid by project developers, with whom theyefmeat
business and thus are reluctant to contradict (\&adaVictor, 2008).

The CDM executive board has recognized loopholestire additionality assessment and evoked a figure
of 20% of non-additional projects. This figure isnsidered as understated by several observers and
independent institutions (Schneider, 2008) who sagdigures beyond 40-50%. The instrument is also
criticized for the potential perverse incentivesauld generate in hosting countries: the CDM id $a
encourage developing countries to keep their potjundustries (to get CDM credits to modernizenthe

and to lower national environmental standards fmueng their CDM projects will remain “additional”

i.e. go beyond legal requirement (Tirole, 2009nafy, the extremely uneven distribution of CDM
projects and benefits, concentrated mainly in CHimdia and Brazil, has cast doubt on the capadithe
instrument to genuinely contribute to the developmef less advanced countries, and its credit has
dropped in Africa where some have ironically renditéChina’s Development Mechanism”.

From CDM to REDD

The “avoided deforestation” mechanism, acronymigedcessively as RED, REDD and REDD+, takes
its roots in the debate on the eligibility of lande, land-use change and forestry (LULUCF) projects
under the CDM, which was one of the most contraakrssues at the Sixth Conference of the Parties i
November 2000. One of the main reasons of thetrejeof “forest conservation projects” from the CDM
by a majority of the delegates was the risk of smiss leakage: without addressing the structuratea
of deforestation, conservation projects are likelysimply displace deforestation pressure elsewhere
either directly or through changes in relative gsiof crops and land (a constraint on additionablar
land could raise crops prices and make therefofereltation much profitable in other forests). The
“compensated reductions” proposal came up in 28@3atflli et al., 2003) in the literature as a resmto

the “leakage objection” to the conservation prgjdot 2000: it was proposed that emissions abatement
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from deforestation would be calculated at natidei®l, hence lowering — but not suppressing siheeet
is also an international displacement of emissioos the LULUCF activities pointed out notably by
Meyfroidt, Rudel and Lambin (2010) — the risk odikage compared to a project-based approach.

Since 2005 and the proposal of the Coalition fomfRaest Nations, the REDD mechanism has been
debated as a principle for remunerating developmgntries that would reduce their deforestatioegat
As debates progressed, however, the field of edigdxtivities was expanded due to pressure from
different interest groups, both public and privatérst, forest degradation, followed by forest
management, tree plantations and finally the caasien of carbon stocks have entered REDD+ (as it
has been known since 2007) one by one. Reducingadapn — which is particularly difficult to
measure — was included to satisfy Central Africamuntries which have low deforestation rates.
Improving forest management would allow remunerptiogging companies. Plantations, which are
already included in the CDM, albeit under verycitagonditions, were introduced by China which would
like to see its industrial plantations subsidize@spite already being highly profitable. As for the
conservation of carbon stocks, its meaning remambiguous: it may either refer to remunerating
projects (as requested by large conservation N@&is¢r than states, or to compensating countriéshwh
have preserved their forests and want to be paddan the amount of carbon that they still confaire
latter perspective has been bitterly defended hync@s such as Gabon and the Republic of Congo,
which promote the idea that the fact that theie$ted expanses are still largely intact thankshéo t
“virtue” of their public policies. Others would elgn it through the absence of agro-industrial pues
and demand for land in these sparsely-populatedtdes.

REDD+: the end of a relative and fragile consensus

The continuous expansion of REDD+ to new typesctivdies is presented as making headway by those
who confuse progress and rushing forward. In ngadiach of these activities is subject to debateleas
broken the relative initial consensus between thisenct interest networks — those who give ptjoto
carbon, those who are concerned about biodiversity those who defend the rights of local and
“indigenous” populations. To this one must add fteatal opposition between defenders of including
REDD+ in carbon markets (payments would be madeénform of “carbon credits”) and those who
promote the idea of a global fund fed by an intéomal tax system which has yet to be implemented.

Although, as mentioned above, the initial “avoidddforestation” proposal was not about project
crediting, the project-based approach has come badkrce in the debate and the field activities.
Conservation NGOs and other forest carbon promdters reluctantly at a national-based system in
which they would depend of the goodwill of govermise to receive carbon credits or direct
remunerations. The world of business is also latdpyor REDD projects — which have begun flourishing
everywhere in the tropics without waiting for aeimational agreement — to sell carbon creditshen t
market. It would not be very difficult, they argue, convince markets that these projects are pintgec
forests “which would otherwise have been cleardd’for the CDM, the REDD+ mechanism rests on the
creation of business-as-usual scenarios, whichdfinition are impossible to verify (if the projeis
implemented, then the reference scenario cannotchexked for validity), and thus subject to
manipulation.

Moreover, rather than addressing the actual canfs#sforestation, project-based approaches singpigt t
to displace the pressure of deforestation to o#tieas, which potentially cancels out the proclaimed
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carbon gains. To prevent such recurrent objectlum so-called “nested approach” (Pedroni et abD920
ambitions to maximize the advantage of earlier psajs for REDD+ payments, namely the combination
of a national approach and a project-based remtioerdt allows for the local initiatives to seladon
reductions generated by the projects in the glohddon market (or to be paid directly by an intéomal
fund) without interference from the government loé thosting country. Meanwhile, the other reduced
emissions from deforestation or degradation moedtaat national level and that are not attributable
projects performance will be attributed to the pubktion — and corresponding credits/financial aslg
allocated to the government.

Despite the apparent advantages of the approasmat evident that such architecture is equalijeble

in small (where all the forested area could be m/dy REDD+ projects) and large countries: whadtif
the end of a commitment period, all the REDD+ prtgehave shown emission reductions (and are
credited for) while deforestation and degradatias Increased at the national level? In other wdrds,
real potential of such architecture to avoid lea@sagnd opportunistic strategy of a governmentviioaid
encourage, on one hand, REDD+ projects in somes pérthe territory and, on the other hand, would
foster land conversion (or is simply incapable tevent it) in other parts, is questionable.

The political economy dimension of REDD+ is alsteafoverlooked. This mechanism is founded on the
hypothesis that developing countries ‘pay’ an opputy cost to conserve their forests and wouldere
other choices and convert their wooden lands teratises. The basic idea is, therefore, to pay tents
these countries to compensate for the anticipabeelgbne revenues. The reference to the theory of
incentives (in its principal-agent version) is imofil but clear. In this REDD-related framework, the
Government is taken as any economic agent who keshationally i.e. taking decisions after comparing
the relative prices associated to various altevasfithen deciding to take action and implementing
effective measures to tackle deforestation and gtéfnation-wide development path.

Such an approach ignores the very nature of the, stapecially when dealing with “fragile” or even
“failing” states facing chronicle institutional sgs, which are often ruled by “governments witlvate
agendas” fuelling corruption. Two assumptions ulyiteg the REDD proposal are particularly criticé):
the idea that the government of such a state & position tomake a decisiomo shift its development
pathway on the basis of a cost-benefit analysit dh#icipates financial rewards; and (ii) the idkat,
once such a decision has been made, the “fragité& $s capable, thanks to the financial rewards, t
implement and enforce the appropriate policies amehsuresvhich could translate into deforestation
reduction (Karsenty and Ongolo, 2012). The persgeatf a “one-size-for-all” incentive instrument,
which could be used without distinction in Brazildain DR Congo, seems unlikely.

The way forward: what prospects for change?

The bleak perspectives surrounding the climate gharegotiation seems to dismiss the perspectiam of
international regime designed around a global capteade system for curbing GES emissions in the
next five years. Such a situation would have untkullip an impact on the use of MBIs, such as CDM
and REDD+, and these perspectives are alreadyctedlén the carbon price on the ETS market, lagging
around €10 per ton of GOThe CDM shrank to $1.5 billion last year (2018 $7.4 billion in 2007,
according to World Bank estimates. Even if the Ety/es ahead with the announced extension of its ETS
scheme and its support to the CDM, uncertainty daimis in the compliance market, especially since
new rules designed to better ensure the additiynaliCDM projects are under preparation and could
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make more difficult projects registration in thdue. In addition, the EU has decided not to aceept
forestry credits, whether from the CDM or REDD+ offsets for the ETS until 2020.

Instead, it seems that a fragmented regime is eéntgrim which countries or bloc of countries widitap

the rules of the game they intend to play for afgaémissions. Emerging countries have refusedrsio fa
endorse quantitative cap on their emissions, evengh China does not exclude to do so in the futare
the USA, the divide between Democrat Administratow the House of Representative dominated by the
Republican Party makes unlikely the implementabbma cap-and-trade system once contemplated, and
would make an agreement with the emerging couniriethe international negotiation even more
difficult. In face of shrinking compliance marketse emergence of voluntary schemes and “over-the-
counter” offsets is quite impressive.

The last State of Forest Carbon Markets states‘ginatving from already record-breaking years in 200
and 2009, respondents reported a total of 30.1 (D&€] contracted across the primary and secondary
markets in 2010. The estimated total value of tatigns in 2010 was $178 million. The historicadlsc

of the forest carbon markets climbed to 75 MtCO&dyed at an estimated $432 million with projects
impacting more than 7.9 million hectares in 49 adas from every region of the world (...) The 2010
surge in the forest carbon market was fueled taemtgextent by contracting from large Reduced
Emissions from Deforestation and Forest DegraddiRiEDD) projects which supplied 19.5 MtCO2e out
of the total 29.0 MtCO2e contracted in the primaugrket”.

This voluntary forest carbon market raises howeegicerns about the possibility that a “carbon bebbl
is emerging, fuelled by the demand of companielseimome “carbon neutral” at least cost. Within this
potential “carbon bubble”, the REDD+ projects Iqudrticularly promising. Carbon traders have adot t
gain from a REDD+ credit bubble: companies or stathich will buy these reductions to compensate
their own emissions will happily purchase thesexpeamsive credits from project promoters without
actually looking at the reality of the announcedssions reductions. The risk of creating an addilo
massive amount of hot air is very high. Companresnat alone in doing this: the state of Californ&s
already signed an agreement with the Brazilianestdt Acre and the Mexican state of Chiapas to
compensate part of its emissions through REDD ptsjeAustralian states are doing the same in
Indonesia. A set of deregulated markets is filling gap left by stagnant multilateral negotiations.

On the other hand, the growing importance of pewgivernance instruments, such as certification and
other voluntary schemes, such as the Roundtabtegses (for protecting natural forest from soy bwan
oil palm expansion) can continue to yield significeesults. Roundtables processes are multi-stédeho
long term and process-based approach involving latade of consumer and producing countries. The
“Roundtable for responsible soy” seems to havedgiglpositive results in the Brazilian Amazon, and
contributed to the shrinking deforestation obsersiade 2005 — even though the agricultural pressase
tended to move from the Amazon forests to the @esabiodiversity and carbon-rich savannahs now
endangered.

Swww.theredddesk.org/activity/memorandum_of_undexitey_on_environmental_cooperation_between_thes stat
_of acre_of the f
"http://news.mongabay.com/2009/0915-cerrado.html

40



FSC certification still has a potential of growth the tropics, even though Greenpeace and other
organizations try, especially in the Congo Basinptevent further certification of industrial loggi on
“intact forest landscape”. The challenge, herel Il convincing the consumers and the governmehnts o
emerging countries, notably China and India, to atgntion to the impact if their consumption ottbo
finished and intermediaries goods to the globalsgstems, and to favor eco-labeling in all their
purchasing policies. Such a progressive change sdémly, but it could take time and being
considerably delayed by the perception that it @dhdmpers the impetuous economic growth which is
seen by these governments as the only way to tatkkam poverty hundreds of millions people. A new
trend in the Chinese economy, more oriented toviiaztkasing citizen’s welfare instead of the “full-
export model” would help fostering changes in congtion patterns.

However, in producing countries, the increasingfdimalization” of large fractions of the natural
resources extraction economy, such as timber iic#freveals the limitations of such a MBI thatsesn
the purchasing power of concerned consumers.

The future of REDD+ is still extremely uncertain,l@ast as a united scheme. The architecture and th
rules of governance of this instrument are stildesided and consensus seems extremely difficult to
reach. Some market analysts argue that potentiBIDREcredits would not be acceptable in a compliance
carbon market as they embody unsolvable cleariaglems for being traded on a derivative market (The
Munden Project, 2011). The booming of REDD+ prgeltas probably more to do with the seizure of
fleeting market opportunities under the fashion&#D D+ umbrella, and can hardly be considered as th
pillars of a compliance regime that addresses tiverd of deforestation. So far, REDD+ is aboutljub
financing for the “readiness” phase, which is siggabpaving the way to the market-based phase &nd th
performance-based remunerations regime. Howevemrbspect for reaching this stage under a genuine
compliance regime is more and more hypotheticakmgithe complexity of the so-called technical issue
that barely hide diverging national and stakehddimterests on the rules to be adopted. And witlzou
global agreement on a new commitment period inctlmate negotiations, the chances to see a market
and performance-based REDD+ scheme in a regulatpche are even weaker.

But for the REDD+ process backed by public funditige perspective can be different. Even in the
current financial turmoil that impact the publiodinces of several industrialized countries, thel neget
new financing sources to fill the deficits in nat@ budgets but also to finance public goods fisdnay

in the governments and public opinions. The stgkially of prominent European political deciderghe
“Tobin Tax” (on financial transactions), which seminvery unlikely a couple of years ago, gives
evidence of this new way of seeing aroused by ittan€ial crisis. In the same vein, the implementati
of “carbon taxes” on emissions, even on air andtiseeport, is more and more considered in cowgtrie
along with cap-and-trade systems. A report commigsi by the United Nations on the Green Climate
Fund intended to channel an annual US$100 billlorclimate finance from the developed to the
developing world (United Nations 2010). There isreatly an on-going study commissioned by the G-20
on the effectiveness, revenue potential, and aditnéttion, of a wide range of fiscal options fomudite
finance. These include taxes on aviation fuels,itma fuels, carbon, electricity, vehicles, finaalci
transactions, as well as broader fiscal instruméWiterld Bank 2011a). If a portion of the expected
money were earmarked to finance REDD+ policiespiild provide the needed means to address more
effectively the drivers of deforestation and finarstructural in-depth reforms that are needed stefo
deep changes in the agriculture practices, the teimate system and the land-use decisions procdases
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such a public-driven REDD+ scheme, large-scale Bgfemes, inspirited by those of Mexico or Costa
Rica, could have a central role to provide incexgtito local producers for a sustainable use of the
ecosystems. The exact balance between such publiei REDD+ dimension and the, mostly, private

initiatives labeled “REDD+ projects” designed telg carbon offsets is difficult to predict, but wan
guess both will coexist.
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Part 4: How are land use and land use modeled in scenario exercises?
Land use and land cover modeling and their assumptions

Introduction

Anthropogenic land use/land cover (LUCC) changeas-random, yet it is hard to predict it accurately
(Kaimowitz & Angelsen 1998) and prediction in thistent future is less accurate than predictiorhef t
near future. Despite these challenges, the sciehcedCC change forecasting has grown rapidly, tlsank
to the methodological advances in modeling the gsscof land conversion, which has led to the
increasing need for an understanding of its imaxt drivers. The rapid development of geospatial
analytical tools and the easy availability of dételdata, which enable cheaper and more accurate
analysis of regional and global LU&ave also contributed to the rapid developmentWEC change
models.

LUCC models have struggled with allocation land dompeting land uses. Different assumptions and
priorities have been used to predict land allocat®uch differences have led to different resultsich
underscore the disciplinary focus of modelers. &@ample, Rounsevel et al (2006) used a model which
hierarchically allocated land in Europe as follows:

Protected areas > urban > cropland > grasslandenbrgy crops > commercial (unprotected) fored lan
> not actively managed.

This means that the modelers first took protected as fixed and then hierarchically allocated land
the remaining land uses. Meanwhile, contractionlamid in the priority land use (e.g. cropland) is
allocated hierarchically from urban to commerca@kfkt. The “not actively managed” land is regarded
unallocated (surplus land). This hierarchy couldrge according to the countries with food defigg.
argued earlier for example, first priority givenpimtected areas in food surplus countries mayiv@ngo
food production in poor countries with food shodag

Models for predicting future LUCC change use thetwrylink LUCC with its biophysical and socio-
economic drivers discussed in the first sectionvéls of LUCC). Biophysical characteristics such as
temperature, rainfall and soil characteristics havecological influence on LUCC change. For examnpl
compared to areas with low agricultural potenteab( arid areas), areas with high agricultural e

will need a smaller area to produce food for a gigepulation. As discussed in the section on dsiér
LUCC, socio-economic factors such as populatiorsquree, income change, international trade and
policies determine the demand for land-based ptsduhich in turn influence LUCC change. But since
the future is not well-known, modelers have to makeassumption about the future stocks of land and
trends of the LUCC drivers. In order to addresswide range of uncertainties over the influence and
nature of some key drivers for LUCC, different smeos also have to be used to run the models. yPolic
scenarios such as bioenergy mandates discusséer ead used to guide LUCC modeling. Climate
change scenarios are also used to explain LUCC.

8_ucC was an International geosphere-biosphere prodfGBP) and international human dimensions obalo
environmental change program (IHDP) project, whiahanized a workshop to discuss land use and lawnerc
change (Veldkamp and Lambin, 2001).
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Statistical approaches are used to establish hiataelationship between LUCC and its drivers. Doe
the historical data use approaches, the impactieérd of LUCC differs significantly at differenpatial
modeling scales. Drivers of LUCC at global and oegi scales are different from those at watershied o
district scales. National or district models tendrticorporate more local level drivers of LUCC, ighi
global or regional focus on broader regional arubal drivers. Due to the global nature of this gtwde
restrict our review to regional and global modé&ggional and global LUCC models are still few and
largely focus on the influence of drivers such lsate change and water availability on the chainge
the agricultural productivity and cultivation patte, and its impacts on key dimensions of envirantale
guality such as of biodiversity, climate changed agriculture and water outlook (Fischer and O’Neil
2005).

Annex 1 discusses the major LUCC models and giweseskey characteristics which guide their
assumptions and scenarios. Annex 1 also givesistery of development of the models along scientifi
disciplines and how over time they have tendedetaniore integrated. The table below summarizes the
discussion in Annex 1 by giving the strengths ae@kmnesses of each model.

Table 4: Summary of LUCC models

Type of model Example® Major strength(s) M ajor weakness(es)

Geographic models

- Statistical CLUE Uses cause-effect regression approaches tdse of historical data may not fully reflect
project LUCC change. Historical data of thauinexpected trends & patterns
drivers of LUCC and LUCC change are
used

- Rule-based SALU Captures land intensification and combinesUse of qualitative approaches may not
spatially explicit quantitative approaches allow interpolation of result and could be
with gqualitative approaches (fuzzy logic) prone to subjective judgment.

Economic models

-Partial equilibrium IMPACT, Considers one of few sectors — thus able toAssumes away the feedback/effect of
models (PEM) FASOM include greater details of drivers of LUCC excluded sectors on the included sectors.
change of the selected sectors
-General Equilibrium  GTAP, Considers all sectors — thus incorporates To be tractable, CGE models don't include
models (CGE) GTAP-AEZ, feedback of all sectors details of one sector — hence loses rigor of
IMAGE, individual sectors
Integrated PEM & CGE models
GLOBIOM, Takes advantage of PEM & CGE models Acquisitiodath for all sectors may be a
MAgPIE problem. Convergence may become a

challenge if a lot of variables are included
in each sector

Ecological models

SDM, SAR Broader consideration of ecosystem May be hard to put value on some
services — including non-tradables ecosystem services

Integrated geographic, economic & ecological models
Patuxent Takes advantage of all advantages of  Acquisition of data for all components
Landscape; models included. may be a challenge. Convergence & rigor
General of subcomponents is a challenge
ecosystem
model

¥Please see annex 1 for references and other daftslils models.
Source: Authors’ compilation.
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Assumptions of land allocation & drivers

Over time, LUCC models have tended to realize thpaict of both biophysical and socio-economic
drivers of LUCC. Yet, there remains a strong b@sards the orientation of the models to the diffiere
disciplinary branches out of which they originatéal.the discussion that follows, we will consider 3
types of models: those that are mainly driven lnemic market-equilibrium principles; those thatue

on geographic criteria for land allocation; andséia¢hat concentrate more heavily on ecological ahpa
criteria for managing land cover change. Economici@fs continue to focus on socio-economic drivers
and give limited consideration of biophysical cluesistics. Due to this focus, the economic motelse
more effectively reflected international trade agidbalization and how they affect LUCC. They have
captured better the influence of policies and otbecio-economic factors on LUCC. Additionally,
environmental and natural resource economic motialge continuously incorporated biophysical
characteristics in the land allocation and its intpaon ecological services. As such they have been
solving the economic models by exogenously incatiog the biophysical characteristics and
incorporating them in the economic models as statiables. A good example is Evans et al (2011) who
used species distribution models (SDM) to allodatel to biofuel production in US such that biofuel
production had minimum impact on biodiversity. He&e many economic models still remain weak on
their analysis of land allocation. This leads to@dtion of unused land to agriculture or plantexk$ts —

in order to account for the increasing demand. Etmugh recent concern on GHG emission have
prompted many economic modelers to consider impattJCC on GHG, few economic models take
into account externalities of land allocation owlegical services. This leads to allocation of fi@¢and
areas to anthropogenic land use in many oethanteprojections that are simulated with these models.

Table 5: Major assumptions of major LUCC models

Assumptions Type of LUCC models
Economic Geographic Ecological

Ricardian allocation — international trade drivésbgl land use e * *

Population pressure impacts conventional ecosy8tems *kx *kk kk

Income increases demand for food & other land-bgsedls and ok *x *

services

Own and cross price elasticity of demand and sugplse land use ik

Bioenergy policies & mandates increase land cowers rkx o *x

Zoning (land allocation) is driven by land suitélyind species *x rkx i

abundanc®

Land allocation protects biodiversity and ecosyssemnvices * ** rrx

Asterisks indicate strength of focus: *** =strond;= medium; * = weak

& Conventional ecosystems are ecosystems with mimimuno human influence.
® Meyfreidt and Lambin (2011)

Source: Authors’ compilation

Geographic models continue to be more focused ®mltbcation of land based on the suitability afda
use and the spatial location of ecosystems andlgiigu This has led to geographic models thatebett
allocate land use to areas with minimal effectlmneécosystems. The models better capture the dtent
productivity of different land uses and are bettiele to reflect land management than economic rsodel
As discussed above, however, geographic modelsnassiiat prices and other international feedback
variables are exogenous (Schneider et al., 201iiy hakes them less able to reflect the influerfce o
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international trade on market-driven agent behavidrich has reduced the strong correlation between
population density and land use that is observdulstorical data.

Ecological models have linked land allocation tedps abundance and extinction, ecological foatprin
and other environmental concerns. Ecological madetnethods also assume, largely that prices and
other economic variables are exogenous factors, failing to fully account for their impacts anade-

offs required in land allocation. Table 5 summasgiee assumptions of the major LUCC model types and
shows the focus of each category. Below, we adsmssrealistic each of these models and the reasons
behind their differences.

Factors contributing to disagreement of land allocation across LUCC models
There are many reasons leading to the disconnem@ufifferent models. We highlight the major driver
behind such a disconnect:

() Disciplinary focus which does not take into account influence ofeotfactors outside researchers
discipline. To conduct rigorous analysis, researchend to focus on their scientific discipline and
ignore drivers of LUCC, which fall outside theiisdipline. Perhaps this is the foremost reasontier t
disconnect across LUCC models. For example, tawiti LUCC economic models have estimated
land owners response to land policies using standeonomic utility functions accounting for only
marketed goods and services and ignoring the infleieof non-pecuniary benefits/costs such as
cultural (e.g. esthetic, heritage) and regulatimgl support services (Newell and Stavins 2000;
Plantinga 1997). This leads to models that do woa djood job of predicting the actual landowner
response. Likewise, traditional economic LUCC medeind to ignore biophysical characteristics,
thereby failing to account for one of the most fameéntal drivers of LUCC. On the other hand,
traditional biophysical models ignore socio-econorfactors, which, as this report has already
shown, play a big role. For example, the SDM LUCGdels tend to only take into account human
population and ignore the traditional socio-ecormuhiaracteristics such as policy mandates, prices
and elasticities.

(i) Scenarios, assumptions & model structure udedbn for cases in the same scientific discipline,
disconnect among results is common. We illustrate important point by examining economic
models that analyze the impact of biofuel mandate€ UCC. We recognize that the results of the
guantitative assessment depend on some key modesisigmptions, which differ across different
categories of economic models, such as assumptiogeld potential on newly cultivated land, the
responsiveness of yield to price changes, the apatpresentation of trade and other issues (see
Witzke et al, 2010, Edwards et al, 2010). Muchhaf tlebate over the indirect LUCC (iLUCC) effect
of biofuels, in terms of its size and specificity garticular biofuels production pathways, relétes
some of the quantitative uncertainties in the miodeland speaks to the need to think through and
guide the use of quantitative (and even qualitatiigact assessment techniques within the policy
design process itself (Nassar, 2011). Some resefiatis have been underway to try and understand
the differences between models and types of iLUB€cts that they generate, and we summarize a
set of results, as an illustration of this, in T&aBError! Reference source not found. below. These
results are drawn from a recent comparison studyMityke et al. (2010), which tried to subject
various models to biofuels shocks in order to fate (and understand) the differences in impagts o
land use change among them. Among the many fatltatsunderlie these differences are those of
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basic model structure, since some of the modelpartial-equilibrium in nature (like the IMPACT,
AgLink, FAPRI models) and focus mainly on agricu#lumarkets and consumption, whereas other
models take all interactions within the economy iatcount (like GTAP and LEITAP) and bring all
markets (including input markets for labor, capéatl chemical inputs) into equilibrium with respect
to the behavior of the agents within the econonoyn& differences come from the way in which the
by-products of biofuels are handled, which offséte decrease in feed demand when grain or
oilseeds are used for biofuel feedstock product@ther differences come from the variation of
parameter values used for key behavior relatiosstgpch as the response of area or crop yield to
price, which differ according to the particularrfoof the functional relationship that is embedded i
the model (linear versus non-linear, etc.). Diffees in how models handle trade also affect these
results — as some models have a detailed bilatpatsentation of trade flows, such as in the GTAP
models, versus a ‘pooling’ of total net trade fralincountries within an integrated world marketjsas
the case with many partial-equilibrium models. lediethere is a constellation of possible influences
that could lead to these differences, which havenbdiscussed in more detail by other authors
(Edwards et al., 2010; Nassar et al. 2011).

Table 6: LUCC effects in different models

Land use change (ha/ton biofuels) US ethanol EU ethanol
maize wheat coarse grains wheat
IMPACT model 0.12 0.22 0.29 0.22
AgLink model 0.51 0.57
FAPRI model 0.39
GTAP model 0.16 0.79
LEITAP model 0.86

Source: Witzkeet al, 2010

(iif) Data usedThere has been improvement in data capture andygoakr time (Hansen et al. 2008)
due to increasing geo-spatial technology and neellga systems (e.g., Landsat, MODIS, China-
Brazil Earth Resources Satellite [CBERS]).Yet, davailability, quality and nomenclature remain
key challenge for LUCC model results. Large incstegicies exist across data sources. This leads to
different results even for models using the sanmuraptions and approach. For example, the
Advanced Very High Resolution Radiometer (AVHRR}adélOkm resolution), states that irrigated
area in India in 2000 was 132 million ha while th& km resolution Moderate Resolution Imaging
Spectroradiometer (MODIS) data states the aresetd46 million (Thenkabail et al 2009),a 10%
difference. Using average global cropland and toaesa from different satellite data sources as a
baseline, Fritz et al (2011) compared global cnopland forest area derived from GlobCover,
MODIS v.5, and GLC-2000 and found a differencegyirag from 23% to 36% for cropland and 8%
to 18% for forest areas (Table 7). The major readon the inconsistencies include classification
methodology, training and ground reference dataferdihces, satellite sensors used and
georeferencing errors. Consistent with Aspinall £06ifference in dates of data collection also
contributed to the inconsistencies.Attempts to lweize land use classification have been made and
some methods of calibration of different data sesirbave been developed (Ibid). Remote sensing
data sets are often the start of more derivedidptas, such as historical reconstructions of lase.
These reconstructions use satellite data to disggde agricultural census and survey data and
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represent land uses at the pixel level. Many adalroducts are excellent for global modeling ¢ffor
but rarely have the specificity needed at regi@gales. The selection of input data sets is lefh¢o
modeler, who may select based on their interpoatatif the best data set for their study. New
methods of comparing among land use data setswang gise to new hybrid data sets that weight the
most likely land covers and give total land use.(ecropland) as a percent probability (See Geo-
wiki.org for more details). Additionally, groupseausing satellite data sets to derive regional LUCC
for input to models.

Table 7: Disagreement of global land cover data

Land cover products Cropland % disagreement* Forest % Disagreement*
compared (Mha) (Mha)

GLC-2000 vs MODIS v.5 325.8 23.4 730.8 185

GlobCover vs MODIS v.5 505.9 36.4 387.2 9.8

GLC-2000 vs GlobCover  395.2 28.4 314.3 8.0

*The reference figure to which the LUCC models esenpared is the average value of all three LUCCei®d
Source: Fritz et al 2011.

Accuracy of prediction of LUCC models

Prediction of future LUCC remains elusive since filteire trends and pattern may not be known. It fac
only few validation studies have been done (Verhairgl 2004; Kok et al 2001; Rounsevell et al 2006;
McCarlla and Revoredo 2001). One major challengiesdistant future that models predict, making it
harder to evaluate their accuracy. For example t m@sent models have been predicting the future in
2030 and 2050 — making it harder to assess theirracy today. In many cases, choice of such distant
future is dictated by the speed at which some Bysthange and/or evolve. For example climate change
scenarios use distant future due to the slow chdraganay not be significant in a decade or two.filge
compare the LUCC model projection and actual lasd change and then investigate the reasons for
differences.

Comparison of selected model projection and actual LUCC

As an illustration, we use five models that projiexid production and/or consumption. The difference
between the projection and actual food productgoroportional to the corresponding differencelaim

use change since the models use supply equatiombidah land is included as one of the driver ofdoo
production. To simplify the comparison of accurattye selected models projected food production and
consumption to year 2000 from a baseline of aro883-1997. Table 8 shows that all models
overestimated global food production. The GOL mquejection had the smallest error while the FAO
and IFPTSIM models had the largest errors. Condistéh Pontius et al. (2008) but contrary to Vexpu

et al. (2008), McCarlla and Revoredo (2001) obsehat the global models tended to cancel errors
encountered at regional level and therefore tertdede more accurate than corresponding regional
models. For example, the World Bank projection nankerestimated global food production by about
6% but overestimated food production in SSA and Easope and former USSR by over 40%.
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Table 8: LUCC model projection versus actual food production and consumption in year 2000

World

Region FAO IFPRI Bank’ USDA

World Food Modé!  IFPTSIM IMPACT® GOL®

% Projection error (+ is overestimation, - is ured#imation)
World
- Production 8.9 8.9 7.3 5.9 2.8
- Consumption 4.5 2.6
Production
High income countries 10.8 20 9.9 8.2 5.9
Eastern Europe & former USSR 54 67.1 454 47.6 20.7
Low & medium income countries 73 0.3 51 4 0.3
LAC 3.8 -2.5 5.7 -4.8 2.4
SSA 8.1 -3.2 1.4 413 8
Asia 4.3 -3.1 2.2 -0.9 0.3
MENA 44.5 36.1 44.7 33 -2.3
Consumption
High income countries 28 1.6
Eastern Europe and former USSR 43.9 20.7
Low & medium income countries 56 33
LAC -4.9 -438
SSA 25 1.6
Asia 3.5 9.3
MENA 17.3 -20.4

Notes: Regions: LAC=Latin American countries; SSz$Saharan Africa; MENA=Middle East and North Afjc

Models: GOL = Grains, Oilseed and Livestock ModRIPACT=International Model for Policy Analysis of

Agricultural Commodities and Trade; IFPTSIM=Intetipaal Food Policy & Trade SIMulation

'Blank means data not available or not calculated.

Sources*FAO (1994)® Agcaoli and Rosegrant (1995)Rosegrant 200%;Mitchell, et al 1997 USDA (1997) —

all as cited by McCarlla and Revoredo 2001.

There have been a number of studies whose predlickiave proven to be very different from reality. A
classic example of predicting the future while medyon assumptions that are entirely based onrgsio
data is the famous prediction made by Malthus (18Bat periods of future mass starvation were
inevitable due to the assumed inability of the lead provide enough additional food for the large
projected increases in population. More recentligepauthors have also predicted the doomsday fout o
fear of the rapid global population growth. Paddankl Paddock (1967) predicted a massive starvation
1975. Similarly, Ehrlich (1970) predicted a popidat‘bomb” — a rapid population increase which vebul

overwhelm food supply and lead to mass starvation.

® Ehlirch and Ehlirch (2009) revisited the “poputetibomb” publication and argued that its main mgssa still

valid, though admit its exaggeration resulting frtira sensationalist title.
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Buringh (1985) predicted that highly productive dawill all be converted to agriculture by 2000 but
contrary to this, 31% of land suitable for agriouét was still available in 2009 (Bruinsma 2009)ef&h
have also been optimistic predictions of LUCC atsdconsequences. Clark (1970) and Brown (1967)
concluded that the world will be able to feed itskle to technology development, a conclusion wigch
consistent with Boserup’s (1965) induced innovatibeory in which agricultural intensification and
innovations occur in response to increasing pofmuiand consequent higher land value.

Reasons behind discrepancy between LUCC projections and actual land use change
Overall, accuracy of prediction is determined bywanber of factors. We explore the major reasons
below.

Technological changeMalthus failed to take into account technologipadgress, which has averted the
doomsday scenario. Surprisingly, many current secimnomic modeling approaches still fail to
incorporate agricultural or other land use inteoatfon—improvement of land management practices
(Lambin 2001).Part of the reason behind this is dlifficult of predicting new technologies and
incorporating them in simulation scenarios (Ewertake2005). Even when incorporated, assumptions
about future technologies are subjective (McCatid Revoredo, 2001).

Failure to include human behavior and polici€aiture projection of land use is also limited bjufie to
include human behavior and country specific podicleoth of which are major drivers of LUCC. Models
including human behavior require a short-time spigpijcally of 10-20 years to make long-term
projection (Heistermann et al 2006). The big cmgkeis inclusion of policies, which may continually
change with the electoral cycles and shifting petioes of political opportunity or risk. A good exrale

is the Amazon region, which a number of predictibase been made that it will be wiped out. Inclasio
of human behavior and policies may also not beliéagor regional and global models due to vari&pil
which makes it hard to generalize them at largatiaparea.

Data spatial resolution and variancedolding all else constant, accuracy of the regioand global
LUCC models increases with spatial resolutidarburg et al (2008) showed that in Europe, hightigp
resolution models allowed incorporation of locaivdrs of LUCC in the modeling and this improved
accuracy of LUCC prediction. However, such modeés data intensive and may not be incorporated in
regional and global models including regions witttaddearth — e.g. SSA. Accuracy of LUCC models at
smaller spatial scale may be different. A reviewHpntius et al (2008) showed that the accuracy sub-
national model predictions was greater when coaesalution data were used. Possible explanation fo
this puzzling result is that coarse resolution ke=the conflicts of the finer pixels (Pontiusaé2008).

Data with greater variability has higher forecagtaccuracy since they better capture the signals an
relationship of LUCC and its drivers. A review bgriRius et al (2008) of nineUCC sub-national models
concluded that prediction of models was more adeuia@ models using baseline data showing greater
variability. The Pontius study also concluded ttinet study site, time and data format play a big ol
model accuracy. Aspinall (2004) also concluded peformance of models varies over time, and this
poses a challenge in validation and calibratiormuofdels. Even the same model may produce quite
different results when used in a different siteetiand/or data format (Pontius et al 2008).
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Unexpected eventSome unexpected events can drastically changepeUCC change patterns and
trends. Recent trends which have surprised LUCCetecsl include the following.

() Amazon deforestation trend\s discussed earlier, deforestation of the BiazilAmazon was
reduced by 74% in 2009 compared to its level in32P004 (CBD 2010), a reduction which
has surprised modelers. This has led to some gtiimoutlook predicting “the end to
deforestation”(Nepstad et al., 2010). Under their model, theyjquted deforestation under
business as usual to reach about 28,000denyear but actual deforestation was only about
8,000knT (Ibid). Such large difference is due to the diffty in predicting a bold decision,
which Brazil took in 2008 to end deforestation ahé consequent commitment by the
international community to support such decisidmd)*°

(i) “Land grabbing” and high food pricesForeign land acquisition increased rapidly folllogvthe
food price spike in 2005/06-igure §. As shown orilrable 3 between 3% to 10% of forest
and pasture land area may be converted to croptanbiofuel production. This has defied
the long-term downward trend in food prices, whitgtd persisted since the 1960s. Models
which used those historical trends did not captheehigh food prices and apparent price
volatility which prevailed in 2006-2008 and 20091P0FAO 2011b) For example, the
IMPACT model predicted decreasing food prices t@®@nd improving food security
(Cassman 2001). The foreign land acquisitions dised earlier also surprised many
modelers and this has led to reevaluation of tbe farice patterns in LUCC models.

(i) Weakened population pressure-land conversion wtatip at local levelPast LUCC models
have predicted land conversion to anthropogenisystems as population pressure increases.
However, recent empirical evidence shows a moreptaarelationship. A global study by
Bai et al. (2008) showed a positive correlatiorwleen change in population density and
greenness, measured as normalized differencedatmgeindex (NDVI), which measures
density, condition, and the health of photosyntadly active plants. However, regional and
country level analysis has shown that such paitenot consistent throughout. In countries
with strong government effectiveness, change irufaipn density was positively correlated
with NDVI and the contrary was true for countriegthmveak government effectiveness
(Nkonya et al 2011). Even within countries therec@mplexity in the relationship of
population and deforestation. DeFries et al. 204€dusatellite estimates of forest loss and
found that within many countries deforestation asipvely correlated to urban population
growth and agricultural exports. As noted earlieternational trade has also weakened the
local population pressure-land conversion relatgns

Y% ollowing Brazil's commitment at the climate charsgenmit in 2008 to reduce deforestation in the Aonaip
20% of its rate in 1996-2005, Norway committed US§llon to support achievement of this target. Brazilian
government also initiated a forest moratorium, hyipg ranchers and soy bean farmers who do naheubrest.
The protected area of the Amazon was also incre@éegstadt et al 2010).
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Part 5: Prospects for the future

Given past trends, what can be expected from a business as usual scenario?

The analysis above shows the conflicting demand$afal use, which are unsustainable under business
as usual (BAU) scenario. We examine the impact@WEC change on key earth systems to illustrate what
would likely happen under BAU.

Land use conversionAs argued throughout this paper, LUCC change isngas grave danger to earth’s
ecosystems. As discussed above, per capita amatdearea is decreasing fast. Rockstrém et al. {2009
estimate that the safe upper boundary of the glotmdland area is 15%, a level that is only abbrde
percentage point of the current cropland of ab@3% IFigure 18). However, the UNFCCC Commission
on Sustainable Agriculture and Climate Charigéas concluded that the current global agricultural
production has already stepped outside the safadamy (i.e. maximum amount of food that could be
produced under a given climate to provide minimwuadf requirement of a growing population with
minimum impact on the climate) (Beddington et al 20 In addition to its effect on climate chande t
conversion of forest, wetlands and savannas intwdgyral land is not sustainable as this redutes
ecosystems capacity to provide regulating servaces biodiversity (EImqvist et al 2011; WBGU 2011;
Rockstrom et al 2009). As will be argued below,taimsble intensification is the only option for
achieving food security.

Biodiversity: Recent efforts to increase forest cover throufrestation and afforestation programs have
helped to reduce deforestation but they do noy f@btore lost biodiversity, which is built overridreds

of years and comprises complex and diverse bioBiediversity trends monitored using the living pdan
index (LPI) show that since 1970, biodiversity raelined by 30%. The tropics have had a severe
decline in biodiversity (about 60%) whereas thegderate regions experienced relative recovery (asze

of +15%) (CBD2010). Rockstrom et al (2009) alsoor¢phat, on average, more than 100 per million
species are lost each year (E/MSY)-a level thahase than 100 times the planetary boundary (10
E/MSY) deemed to be safe operating space for huwedfare within the earth system. Current rate of
extinction is 100-1000 higher than the Holocene-pdustrial) age level (0.1 — 1 E/MSY)(Figure 18).
BAU is not an option as it has already proven tabgustainable.

HEormed in 2011 as part of the UNFCCC COP-17- tohegize empirical evidence into policy actions for
achieving global food security given the climatarhe (Beddington et al 2011).
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Figure 18: Global boundaries versus current status/use of biodiversity, CO2 emission and freshwater
consumption
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Source: Calculated from Rockstrom et al. 2009.

Freshwater resourcesWith a rise in population, there is an increaséhie quantity of water required for
agricultural production, domestic consumption, isttial use and recreation. Currently, about 17%hef

7 billion people experience severe water scardigd 2011c). Over the past 50 years, freshwater
withdrawal tripled (UN-water 2011) while irrigatedea increased 117% (FAO 2011a). During the same
period, rainfed crop area decreased by 0.2% (FAT1LR@roundwater is increasingly becoming a major
source of irrigation water; by 2009, groundwateccamted for 40% of the volume of irrigation water
(Ibid). This is leading to falling water tables apdts at risk the inland arid lands of India, Chittze
Midwestern United States and the MENA region, whirgfavily depend on groundwater for irrigation
(FAO 2011). Climate change, water pollution anddlaegradation are all increasing the uncertairtfes
freshwater resources, further putting pressuréheravailable freshwater resources. The situationoise
alarming in arid areas in developing countries,clvléxperience severe water shortages.

Bioenergy Demand for energy will increase 35% by 2035 comgéano its 2008 level (IAEA 2010).
Bioenergy production has been one solution to adding this rising demand. Half of the global ceseal
consumption in 2005/6-2007/8 was due to US ethamotuction (Hertel 2011) and projections by
FAO/OECD (2008) show that 52% of maize and 32%ilsieeds demand to year 2020 will be due to
bioenergy. Estimates show that a large portiorhefarea for bioenergy production will be deriveairir
clearing forests and grassland (Lambin 2010; H&®dl1). This trend shows the trade-offs between the
global objective of reducing GHG emission and biedsity since the conversion of forest and grasklan
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to bioenergy reduces biodiversity. At the same tiswitching cropland used for food production to
bioenergy production will lead to higher food pscevhich in turn will compromise the global objeeti

of eradicating hunger by 2015.For example, Hettel €2008) estimate that EU and US biofuel marglate
will reduce pastureland in Brazil by about 10% 012 from its 2006 level. How much this reduction in
pastureland will affect other land uses, howevepehds on the extent to which stocking densities of
livestock are likely to change (Dumortier et al @QIwhich is often poorly captured by many moddls o
agriculture and land use. The discussion aboveesigghe uncertainties of reducing GHG emission
using the BAU (first generation) feedstock. Congatien for the second generation feedstock have bee
argued to be a better option for achieving theremvihental objective of reducing GHG.

What is achievable?

We explore the prospects for various scenarioshavd realistic the assumptions used in international
debates are. We focus our discussion on food s$gecutimate change and biodiversity. Both food
security and climate change were not a focus of disicussion on LUCC but they both have been
dominating international debate on sustainable ldpweent. The focus on food security is based on the
fact that agriculture contributes the largest sledilend conversion and that recent food price epiave
renewed debates on food security (Fan and Pandyar2012). Focus on climate change is largely based
on the international debate on mitigation-- an aspéich has dominated efforts to increase foresh a
and forest conservation efforts.

Food security

The Millennium Development Goals state that by 20t share of the people with hunger will be
reduced by 50% from its level in 1990 (MDG 2010hisT goal has seen limited achievement in
developing regions, where the proportion of pempifering from undernourishment was 20% in 1990-
92 but fell to only 16% in 2005-07 (MDG 2010). Oone the strategies for addressing hunger is to
increase agricultural productivity in developinguotries. Sustainable agricultural intensificatiofil w
require adoption of sustainable land and water gamant practices (FAO 2011a). This includes use of
more efficient land management practices and tingavater (lbid). Increasing agricultural produwdty

will be more significant in developing countriesavh there is still a wide yield gap. Figure 19 shake
yield gaps of the regions.

A recent forecasting study showed a decreasingl ygebwth at global level (Figure 20). The major
reason behind the downward trend is the narrowielgl yap in developed countries and major producers
in Asia. This means developing regions with wideldigaps will account for the largest share of
production growth to meet the future increase demahis is achievable but to realize this, conatsi
which limit higher yield in such regions need to &#dressed. These include increased investment in
agricultural research as well as addressing mac&atiitions and rural services, which will provide
technical support and incentives for increasinglpobivity. Greater water productivity (Falkenmarnkda
Rockstrém, 2006) — is also required to increaskl yiethe regions where water productivity is low.
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Figure 19: Yield gaps of major food crops across regions
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Figure 20: Trend of global yield change of major cereals
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A higher water use efficiency is required

The increased demand for water calls for the imgmoent of water use efficiency to minimize or close
the large gap between water supply and demandeirfutiure under land use and water use efficiency
(BAU). Under BAU and without use of water for biefuproduction, water demand in 2050 will exceed
water supply by 3300 kin(Figure 21). Additional water withdrawal of 560@n¥year is required to
eliminate hunger and undernourishment and to feedatditional three billion inhabitants in year @05
(Falkenmark, and Rockstrém 2004). This means almosbling the current withdrawal of 7,130 km
2050 (CA 2007).Decreasing water supply is alscsalt®f many types of land degradation (deforestati
and land clearing, crusting, etc). This affectsegie and availability of green water (soil moisjuvehich

in turn reduces terrestrial ecosystems capacitprbvide biomass and regulating services — such as
carbon sequestration (Rockstrom et al 2009). Tlaama an integrated approach is required to clase th

gap.

Figure 21: Current and future (2050) water use (km*/year)
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To achieve the required growth crop yield in lowedme countries and to address the increasing water
shortage problem, more efficient water use is megliThe average water use efficiency in rainfed
systems in the arid and semi-arid areas in Africabout 5,000 Mof water per ton of grain, but if
supplemental irrigation of only 100 mm per yeaused, crop yield doubles and reduces the watetouse
2,000 i (SIWI et al 2005). At a global scale, improvingnfad water (green water) use efficiency could
reduce the water demand by 1,500°#kmar or 80% of the current irrigation water (Figu2IError!
Reference sour ce not found.). Expansion and improvement of productivity of thegation systems has
the capacity to increase 1,800 %(Rigure 23. This would still leave a gap of 3,300 kivetween supply
and demandThis means efforts to close the water demand-suggbyshould pay due attention to green
water — which despite having a large potential émtidbute to water demand has received limited
attention in water development and managemendditian to food, about 90% of the global green wate
is required to sustain ecosystems (Rockstrém 1999).
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Biodiversity

The Convention of Biological Diversity (CDB) establed a goal to protect at least 10% of ecological
regions (CBD 2011). Of the 825 terrestrial ecoragjaegions with large number of species and distin
habitat types, 56% report more than 10% of thestquted (CBD 2011). As observed above, the rate of
biodiversity loss is almost 10 times the safe ehdbndary. Despite the alarming biodiversity ldbg,
increase in the protected area provides the hopeduafcing this unsustainable trend. This will obly
possible if the governance challenges discusseddtion 3 are addressed.

Choices for managing land use for multiple objectives and critical areas of global

coordination

Since land area is fixed, all types of land usescampeting for the same land. The choices haeeto
defined by the ultimate benefits of land use — humaelfare. As argued throughout this paper, all
ecosystem components have an intricate interrektiip with one another. For brevity, our discussion
below focuses on a selected number of choicessigthificant and direct trade-offs only.

For example, the mitigation of climate change undsiFCCC, conservation of biodiversity under CBD
and prevention of land degradation under UNCCD Mgirtnature are interdependent and could be
simultaneously achieved. A recent internationalksbop promoted a nexus approach in which programs
on interdependent ecosystems — such as food seaudter and energy — are planned and implemented
in a synergistic way. An example of synergisticealtiive is the Niger’s reforestation program — whiels
covered 5 million hectares of planted or protedteds — provides 0.5 million tons of grain per yaad
sequesters carbon (Beddington et al 2011). Thes tad®o provided fuelwood, medicinal plants and
improved soll fertility. The world is increasinghgalizing this potential and international coopemtn
environmental management and governance has iecréashe past two decades (Biermann et al 2010).

Regarding food, bioenergy, biodiversity, and regucof GHG emissions, the world has to balance the
three objectives using integrated LUCC modelingfital solutions which maximize human welfare.
Studies have cast doubt on the efficacy of biof@smechanisms for reducing GHG using current
technologies. In an attempt to achieve this, theectt EU biofuel sustainability criteria passed®09,
requires that liquid bioenergy should lead to CH@ission reduction of at least 35% and gradually
increasing to 60% and should not be produced fram materials grown on land of high biodiversity
value or carbon stock (Nillson and Persson 2012chSmandate considers two objectives — GHG
emission reduction and conservation of biodiveraitg sets an example of multiple objectives marsdate
However, the EU biofuel sustainability mandate doetsdirectly address food security aspects and doe
not consider indirect LUCC (iLUCC) (CEC, 2010). Aeting the EU biofuel sustainability mandate is a
challenge since it does not consider iLUCC andduires a constantly updated biodiversity datardeio

to trace the impact of feedstock production on Webity. This could be a big challenge in devehgpi
countries — especially in countries with weak insidns >

Second generation feedstock is being advocateeédoce the food-bioenergy trade-offs. Research is
needed to develop the second generation feedstmckeaewable energy with minimal or no competition
with food production. For example Gates (2011) sdbat US investment in renewable energy is low and
increasing research investment will have long tpayoffs.

125ee further discussion below on international imsgnts.
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The agriculture sector is often not given the pditattention and commitment that it deserveseeisly

in developing countries where trends over the thast decades indicate reduced allocation of national
development budgets to agriculture. Furthermoreethas also been a substantial decline in muitdhte
lending and bilateral aid for this sector. Thisnttds contrary to the increasing global cooperaton
environmental conservation. The two food price apiln the past five years should be seen as a wake-
call for national governments and the internatioc@inmunity to invest in agriculture. This will help
close the wide potential-actual yield gap in depelg regions and consequently reduce land conversio
to agriculture. However, agriculture investmentsudti be made with multiple choices - ensuring food
security and environmental objectives are addressed

Achieving food security also requires reducing gustvest losses, which are high in both developimg
developed countries. Post-harvest food losses dmildbduced by investment in processing and storage
investment in developing countries and by publi@a@mess in developed countries. Reduction in post-
harvest losses will enhance food security and redbhe demand for additional land, energy and other
resources.

Prospects for international instruments for land use change management

International market conditions provide a greateptial for ensuring sustainable land and water
management practices for ecosystems. Recent deveidpn the carbon market illustrates the incregsin
international cooperation. Until the mid-1990s eintational carbon market was negligible (Mol 2012).
However, the climate change mitigation efforts lerekhat Beck (2005) called the national-state caetai
and international carbon markets have increasetatieally (Mol 2012). The success stories in Brazil
Indonesia discussed earlier demonstrate progrésshwould be made if international support is give

a country with strong policies and strategies talresls unsustainable land conversions. Daunting
challenges remain on implementing various globaVvirenmental programs. But the increasing
international cooperation in land and water managgnhas increased significantly since the first Rio
summit in 1992 — thanks to United Nations concerfibrts to promote international cooperation
(Sanwal 2004). Participation of the private comparand voluntary carbon market (VCM) initiatives by
environmentally conscious companies also offersesopportunities for improving carbon markets but as
discussed below, market based strategies stilldhattenges in countries with poorly developed ratgk
and institutions. Though VCM only accounted for%.8f carbon traded in 2010 (World Bank 2011a), it
is increasing and offers an opportunity to expahdanducive environment is created to enhance
participation.

However, implementation of PES has been expensigtegrasome cases hard due to the weak institutions
in developing countries — where it is cheaper tp foa PES and where degradation of biodiversity is
more severe. For example, Bruce et al (2010) obsgeweak land tenure systems in areas high carbon
density. The fragile states could also fail to meéetREDD+ and other international requirementache
limiting their applicability and effectiveness.Thiseans implementing PES may need to incorporate
capacity building of local and national governastrecture in fragile states.

The prospects of climate change negotiations atdmght and the carbon market trend levelled off i
2009 and showed a slight decline in 2010. This pitsjeopardy the international cooperation omelie
change and on other initiatives. Of concern areutieertainties surrounding the compliance market an
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additionality. For example, most decisions and sulnd regulations on the REDD+ funded by
governments and international organizations allepsinding.

As argued above, synergistic programs — providienpsal ecosystem services are more likely to have
greater pay-off and be more sustainable than sibigjlective programs. This suggests the internationa
cooperation on carbon and other ecosystem semitiatives need to explore synergies among national
and international sustainable development convestsuch as UNCCD, CBD, UNFCCC and others
should explore closer collaboration to achieve myis&c their objectives, namely, combating land
degradation, conservation of biodiversity and carbequestration. This is in line with the Agenda 21
spirit which promoted cooperation and building omergies among ecosystem initiatives. A new
approach is also called for to strengthen the emimdncentives for sustainable land use on a strong
evidence base. Such an approach following a coattién versus cost of inaction approach regarding
land and soil degradation could go a long way tewamobilizing public and private investment for
sustainable land use. A related initiative on “Earoics of land degradation” (ELD) has been started i
2011 by UNCCD, Germany and the European Commigdikonya et al. 2011).
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Annex 1: Major LUCC models

LUCC models have grown in the past few decadesgakmientific discipline and theoretical lines
(Verburg et al 2004), which — as it will be seerlohe — have tended to merge over time. A
comprehensive review by Heinstermann et al (2066 gorized LUCC models into two major groups:
geographic models — which are rooted on the natgsiahce discipline and therefore focus on the lsupp
side — and economic models — which are rooted emsdicial sciences and focus on the demand side. Yet
a third group of models — also based on naturaihseis — have focused more on land use and its impac
on ecological services (Verburg et al 2004), egdgciegulating and supporting services. For exampl
the species distribution models (SDMs) have beemldped to determine the biogeography and other
ecological aspects (see Franklin and Miller 2000 docomprehensive review). Recent models have
increasingly combined both natural and social sen- to study impact of LUCC change. Economic
models have taken specific direction on ecologyol@gical economics) and have used geographic
approaches to analyze LUCC. Similarly, geographeatiels have taken both economic and ecological
directions to analyze LUCC (economic geography andlogical geography). We discuss the three
modeling approaches and the integrated modelsmddmbine more than one scientific discipline. The
focus of discussion of the individual scientifisdipline is on their original scientific approach.

Geographic models

The geographic models are spatially explicit and they analyze the dsver LUCC change and how this

is related to the land properties and its suitibfbor different types of use. Geographic modelsuase
that prices and other international feedback véegmlexogenous (Schneider et al 2011). Due to their
spatial focus, geographic LUCC models have greatigtributed to the development of geographic
information systems (GIS). Several geographic LU@Gdels have been designed but a couple of
examples illustrate their strengths and weaknesses:

i.  Empirical-statistical These assume that the current relationship betwekC change and its
drivers will remain the same in future and suchatiehship is developed using regression
analysis — hence its name of empirical-statistiéal.example of empirical-statistical models is
the CLUE model (Veldkemp and Fresco 1996). CLURiarEs that the cause-effect relationship
holds for only a set of sub-regions with homogesedaiophysical and socio-economic
characteristics. The strength of the empiricalistiaal approach is in its ability of exploiting
historical data to predict future trends and paterBiophysical and socio-economic
characteristics are overlaid to determine theirragdations, interactions and the changing
suitability patterns. However, the authors acknaolge that the regression approach used is
unable to gain deeper understanding of the interactf the drivers of land use change and its
processes (Veldekemp and Fresco 1996). CLUE andr atmpirical statistical models are
unsuitable for long-term LUCC projections — espigiander circumstances which the historical
trend is different from the future patterns. An déngpl example of relevance to this point is that
of Brazil — in which the past patterns of frontxpansion in to forested areas will likely not hold
in the future, given that more of the productiomreases are coming from intensification on
existing areas (Nassar et al 2011). Likewise, diéimehange and other global changes make
prediction of future scenarios using empiricalistatal models less accurate, unless they are
linked with projections of key economic and envir@ntal variables that come from macro
models. An example of this is the projection ofdarse change impacts on the Brazilian Amazon
done by Nelson and Robertson (2008), based on moswirically-based model of land use
choice that is interacted with projections of agitieral prices from the IMPACT model.
Although the conversion of forest land might diffesm models that link the economic market
modeling more explicitly with the land use simubais, and allow for two-way interactions
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between the two, the forecast accuracy is betsan thhich would result in the absence of any
market price projections.

ii. Rulebaseddrocess basedesigned by Stephenne and Lambin (2001) and insdte Sudano-
Sahelian region in West Africa, the rule-based/psscbased model — SALU (Simulation model
of land use change) captures agricultural intecegiton once a threshold is reached. For example,
nomadic pastoralism becomes sedentary livestoadugtmn as a result of conversion of grazing
lands into crop production. Likewise, fallowing j@et is shortened or eliminated as a result of
increasing population density. The SALU and otheated models combine spatially explicit
data with qualitative reasoning (fuzzy logic). Thppeal of SALU is its combination of
gualitative and quantitative approaches and usbeothreshold and other rules. However, use of
qualitative reasoning could complicate its applaatto a larger area with diverse socio-
economic characteristics.

Economic models

Economic models use welfare optimization princigigher explicitly or implicitly (in terms of redude
form equilibrium relationships that represent fiostier necessary conditions of optimization) inesrtb
model production and consumption behavior for adiical and non-agricultural goods. The usage of
various productive factors — such as land — can Heelinked to the market equilibrium-based outceme
either implicitly (by dividing production by yieldpr example) or explicitly, in those cases whexed|
requirements per unit production are directly medekith an input—output relationships or in terrham
explicit upper-bound constraint on available laedaurces that limits the expansion of area response
functions for agriculture. Production relationshgnsumer preferences are parameterized and fitted
the simulation model (Verburg et al 2004), and tddwers of consumption and production change @an b
represented by exogenous drivers (such as populatidbanization, technical progress or climatic
conditions, among others) and can be varied acugrii alternative scenarios. The simulated outcomes
give rise to land use changes that can be consttain allowed to adjust according to rule- or marke
based mechanisms A number of economic approache®deling land use change apply econometric
analysis to historical data in order to establighrelationship between LUCC and its drivers (Ib@her
economic LUCC models have used theory and biophalsicience laws to establish the LUCC-driver
relationship while others have used expert knowdeddne expert opinion approach always uses cellular
automata approach, in which an expert definesritezaction between land use at a certain location,
land use type and surrounding conditions of a laca (Ibid).

The LUCC economic models involving regional or glblmodels use different extensions of the von
Thinen land rent theoryl3 and Ricardian model @rimational trade — which in its simplest form -s ha
two goods and labor as the only factor of produrctimternational trade is dictated by comparative
advantage of the trading countries. One countrgegaone product — in which it has comparative
advantage (based on technology) to produce — tth@anoountry (Feenstra 2003). Additionally, economi
models typically use elasticities of supply and dathto determine the response of production and
consumption to price changes, so that a marketileduin for agricultural and non-agricultural goods
can be determined. Where area response is modefsdasely from yield response — the amount of
available land can then be imposed on these madeds exogenous constraint. Some economic models
will allow the land allocations between sectorsrémain fixed — such that agricultural land remains
constant, although it can be allocated differeatlyoss different crops — whereas others might elpli
model how land might be allocated differently asragricultural and non-agricultural sectors, acieayd

to relative levels of economic return. In eitheseaprices are used to determine the allocatidaraf

13 and rent theory assumes that a land parcel isattal such that it earns the highest rent dus @ttiibutes and
location.
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across different economic activities such that deirend supply of land-based products and servieges a
determined by a market-mediated equilibrium andesatlto limits on land usage that are either impose
as exogenous constraints or allowed to shift emimg®ly to the equilibrium solution. The economic
models that are able to simulate LUCC always tieggad as a factor of production — although the marke
for that factor may or may not be modeled expijcifiheir focus tends to be on modeling the outcofne
land use rather than on the land allocation meshanitself — although this varies across economic
models. The LUCC economic models are in two ma@egories: The partial equilibrium (PEM) models
and computable general equilibrium (CGE) modelsdreattempts to combine PEM and CGE models
have also been made, and will be given some digcusswhat follows.

Partial equilibrium models(PEM). These models take into account only sonwose (e.g.
agriculture) and do not model the feedback fromeptbectors — especially as concerns the
employment of productive factors such as laboreapital. Considering only a limited number of
sectors allows PEM models to do an in-depth armlgkisuch sectors and focus on features of
particular interest — such as yield response tiremwental factors, or the inclusion of details of
drivers of LUCC and other micro-level details theglp to improve their prediction accuracy.
Examples of PEMs are the IMPACT (International Modg Policy Analysis and Agicultural
Commodty Trade’ (IMPACT) model (Rosegrant et al 20@009), which focuses on the
agricultural sector; the agLU model (Sands and beich, 2003) and FASOM (McCar 2004),
which model interactions between agriculture angsb Weaknesses of PEM are inclusion of
only primary products or first stage processingdpicts — excluding processed products, whose
importance in world market is increasing. By thadture, the PEMs also ignore feedback from
other sectors and this limits their ability to také account the important implications on land
allocation decisions made across sectors. For deartie IMPACT model does not take into
account the impact of agricultural land expansiorfarest products supply and demand. Neither
does it consider the impacts on biodiversity arfteoecological goods and services — which is
common in almost all economic models.

General equilibrium modelsCGE models take an economy-wide approach to rnmadel
economic market phenomena, and make a closer latwden production and consumption
activities by allowing the income from economic gwotion to flow back to consumer
households in the form of wage payments for laboremtal payments to factors owned by
households such as land or capital. These moahbile analyzing the particulars of one sector of
interest, also take into account its interactiothwaill other sectors in the economy in terms of the
competition that might exist for scarce factorshsas land, capital and labor. All of these sectors
(markets) are assumed to be in equilibrium at thmnes time, and their relative economic
productivities and profitability determine theirilétly to attract or ‘bid away’ resources from each
other. While most CGE models were developed to labkhe impacts of trade and other
government policies on consumer and producer veeltaey have been expanded in more recent
applications to look more closely at resource altimn issues such as land. Examples of CGE
models, which have been modified to analyze LUCE&uite variants that have been developed
within the Global Trade Analysis Project (GTAP)rfrawork. The family of GTAP-based CGE
models include GTAP-E (Burniaux and Truong, 200@)jch was expanded to consider energy
issues in more detail, and has been extended riamder of analyses that look at the impact of
biofuels on agricultural and non-agricultural sest(Hertel et al 2008). Another extension of the
GTAP model looks at LUCC more explicitly througretmclusion of land classifications based
on the IIASA-FAO characterization of agro-ecologizanes (FAO and IIASA 2000; Fischer et
al 2002), which allows the productivity of agriauidl and non-agricultural activities to be
differentiated across different land classes. Vhigant is called GTAP-AEZ (Lee 2005; Lee et al
2005) and has been used more recently in the asaf/tand use impacts of biofuels expansion
(Golub et al 2008, 2009), and contains a mecharfimmanalyzing the trade-off between
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agriculture, forestry, pasture and other land ugeswumber of attempts have been made to
include features from models with more details @pbysical process into the GTAP family of
models, in order to better represent the interastiof agriculture (and non-agricultural sectors)
with land use. One example is the GTAPEM variargif-et al (2004), in which the integrated
assessment model IMAGE (Bouwman et al 2006)was tsaibtain crop yield responses and
requirements for animal feed, that were calculatedsistently with projections of production
guantities of crop and livestock commaodities confirmgn the extended agricultural sector of the
GTAPEM model. GTAPEM only considers agriculturahdaus, and allows for substitution
between primary and intermediate products (Heistanmet al 2006). The GTAP-AEZ variant,
by contrast, takes the land use requirements fastand livestock and allow them to compete
with the land used for agriculture. Additionalifetfact that CGE models focus on the flows of
revenues and payments within the national and gkdznomies means that, in many cases, they
measure land usage in terms of its share in tla vatue of production, rather than its explicit
physical area. Despite their broader approach hemwewany CGE models do not take into
account intensification such as increasing fedilizise in order to address lower yields on
degraded lands (Lambin et al 2001) — although hlas been improved in order to address the
complicated ‘indirect’ land use issues related tofuels expansion (Hertel et al 2010).
Additionally, positive and negative externalitiekpsoduction are rarely taken into account by
many of the models that simulate land use change.ekample, impact of LUCC change on
GHG emission is taken into account by integratesessment models with focus on climate
change -- such as the GCAM (Edmonds et al 1997¢\tisl 2009a,2009b), IMAGE (Bouwman
et al 2006) and AIM (Matsuoka et al 2001) modelsidgme a few — and only a subset of these
models (like the IMAGE model ) have LUCC sub-comgais that enable them to take these
externalities into account, especially in termdhair impact on yields. Only few PEM and CGE
are fully dynamic — i.e., all equilibria at any givtime are solved simultaneously — assuming the
economic agents have perfect knowledge of the duttixamples of fully dynamic models
include G-cubed (CGE) and FASOM (PEM) (Ibid) and W&AM (Kuhn 2003). GTAP-AEZ and
GTAPEM are typically solved within a static framewa@nd do not take into account the changes
that occur over time in the relationship betweeivals of LUCC and their impact on land
productivity (Heistermann et al 2006).

Integrated PEM and CGE economic moddls take advantage of strength of CGE and PEM
modeling discussed above, attempts have been roadribine PEM and CGE modeling. For
example Blitz and Hertel (2011) used a PEM (comragricultural policy regional impact —
CAPRI) and CGE (GTAP) model to analyze the impdcbiofuels mandates in the European
Union and US on direct land use change (LUC) addect LUC (iLUC). The combined PEM-
CGE allowed them to estimate both global and dedaiégional LUCC changes and nutrient use.

I ntegr ated geogr aphic and economic LUCC models

A combination of geographic and economic models bawrged as an attempt to overcome the
weaknesses of the two groups discussed above. yatbal (2008) observe that LUCC models, which
integrate several disciplines, are better predsctrfuture LUCC than those which focus on only one
discipline. While most of integrated geographic asdnomic LUCC models have simply combined the
economic and geographic models, few others have tdesigned from scratch reflecting both economic
and geographic characteristics. For example, thRNfAnodel (Darwin et al., 1996) was originally a
CGE model, which has integrated spatially exptieibgraphic modeling based on classification sinidar
those used in the GTAP-EAZ variant. Likewise, LEA Avan Meijl et al 2006, Banse et al 2008) is a
variant of the GTAP model in which the tradeoffévieen agricultural and non-agricultural land uses a
modeled with inputs from the integrated assessmmatel IMAGE — such that the total availability of
land and its changes in productivity are taken frive IMAGE model outputs. This combination of
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economic and geographic model features takes aatyardf the strengths of each modeling approach
(Heistermann et al 2006). A number of economic nebave tried to combine the geographic specificity
of agronomic models that characterize yield po&dtnd response with the higher-level represemtatio
market-based equilibrium for agricultural supplgnthnd and trade. The GLOBIOM model of IIASA
(Sauer et al 2010, Havlik et al 2011) takes thelgievel simulations of crop and vegetation progrct
from the EPIC model (Williams 1995), and combingswith aggregate-level representation of
consumption and trade. The MAgPIE model (Lotze-Camgt al 2010, Popp et al 2011) uses the LPjML
model (Bondeau et al 2007) to simulate pixel-leyield response to soil quality and water avail&pili
with an optimization-based allocation of land, nder to meet defined targets of food consumptionssc
various regions in the future. Both the GLOBIOM alMAgPIE models integrate the agronomic
modeling within the simulation structure more clgshan is done with the, IMPACT model, in which
the pixel level calculations of potential crop giere only used as an adjustment factor to projestthe
more macro-level yield relationships of the modél shift under different outcomes of climate , aack
carried out as separate calculations outside ofhtheket equilibrium simulations (Nelson et al 2009)
The results from the crop simulation are then agmped to compute the national and regional level
impact of both biophysical and socio-economic dsvef LUCC. There is still room for exploiting the
potential of the integrated models to overcomewhaknesses of each. A lot remains to be done ® tak
into account the complex LUCC systems and the apresd disciplinary approaches (Verburg et al
2004).

Ecological and climate change models:

Ecological models have increasingly been used tp pknning of nature conservation programs and
recently impact of LUCC on climate change (Brownaet2002). Exploration in the study of spatial
distribution of species and their habitats and endgspecific to a geographical location) specias h
especially increased in an attempt to understaadatarming species extinction rate and the required
conservation strategies. Similar to the geographid economic models, species distribution modeling
(SDM) has taken advantage of the improved spa@irtiques and availability of satellite data (Fiank
and Miller 2009). SDMs major goal is to determind@C, such that anthropogenic ecosystems have
minimal alteration of the ecological conditions wggd for maintaining the species distribution. The
SDMs have been developed along three approach@sspeies-environment correlations (ii) expert
opinion — and (iii) spatially explicitly and stéisal and empirical models (Guisan, and ThuilleD&pD
Species area relationship (SAR) models are a deama of SDM with focus on species extinction. SAR
seeks to determine the conservation value of aregimmn by the number of species in area relativiesto
potential species abundance, which is modeled ubimgimple power-law:

S=cKX

Where S = species richness, A = land area, and ¢ ane constants (Lee & Jetz, 2008; Giam et al 01
Giam et al 2011 used the historical trends of ggeabundance and drivers of biodiversity loss and
spatial human population trends to predict futueads of species richness and to identify pricaityas

for conservation. Such analysis does not consitiersocio-economic drivers of biodiversity losslan
this further emphasizes the need for integratedetsatiscussed above and below.

Recently, ecological footprint models have alseratited to determine the biocapacity and ecological
footprints (FGN 2010; WBGU 2011). These models weilee the biocapacity and the population’s
consumption of provisioning services and regulasenvices — e.g. seerror! Reference source not
found.). Ecological economic models — discussed in de&lidw — have also used traditionally economic
models to allocate land to biodiversity and othenventional ecosystems. Using IMAGE 2.2 LUCC
model and taking climate change into account uf©C SRES scenarios, van Vuuren and Bouwman
(2005) observed that the ecological footprint (EFL7 regions of the world and determined that &F t
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increase from the 5.6 global hectares (Gha) irbdeline year to 6.2 - 8 Gha in 2050 due to inangas
income, population and changing food tastes anféaeces.

Though there has been significant development enpttedictive modelling of biogeography, evolution,
conservation biology and climate change, the lisknleen SDMs and ecological theory has remained
weak (Elith and Leathwick 2009 Strengthening this link will help to understandtii and abiotic
interaction. Like the economic models, SDM projeati are based on the assumption that the historical
trend and pattern of species holds in the futuee, no evolutionary adaptation and no global dsgle
from international trade (Dormann 2007).Just athéscase with the economic models, SDM modeling
has not been able to capture some drivers of spdgribution and abundance and Kaittal, 2008 and
others recommend using multiple models to refleetfeedback among potential habitat shifts, lanusca
caused by land use patterns, landscape patterranged by altered disturbance regimes), and
demography for a range of species functional grésipsway to develop guidelines for assigning degre
of threat to species. We discuss below the ecdbgiconomic models as examples of integrated
ecological and economic models.

Ecological economic models have combined ecologg anonomic principles to determine land
allocation to biodiversity (wilderness), agricukturforests and other anthropogenic ecosystems. For
example Read (1997) sought to allocate non-forest mon-barren land to land wilderness (for
biodiversity benefits), agriculture, carbon sequatiin forests, and biofuel production by solvimg &n
optimal solution that maximizes global welfare. Siolering only studies which included marketed and
non-marketed goods and services, Balmfold et &0Zp@eviewed 300 studies to determine the losses of
ecosystem services resulting from conversion ofveotonal (natural) ecosystems to anthropogenic
ecosystems (agriculture, planted forests, rangsl|aamt settlements). Their review concluded theg f
non-market services was greater than the marketadinal benefit of conversion. In the four biomes
considered, the mean loss in total economic valleV] due to conversion was about 55%z+13.4%
compared to the TEV of the natural habitat. Theyhier give a caveat that their results do not nibah
there are no conversions which are beneficial atliter, their results suggest that present convesad

the remaining natural habitats is not likely to leneficial for global sustainability — if value aff
ecosystem services are taken into account. Thedysfurther shows that the benefit-cost ratio of
conservation of natural habitat was 100:1. Suclclosion have been drawn by other recent studies,
which suggest that sustainable development isHasinly through increased agricultural productivit
rather than conversion of virgin lands.

I ntegrated economic-geogr aphic-ecological models.

As has been argued throughout, integrated econgeagraphic and ecological models are required to
capture the multiple drivers of LUCC and objectieéscosystems. Such an approach has been taken by
few studies. For example, in a team involving ecoists, ecologists and geographers, Pfaff et al{R00
proposes integrated method for analyzing LUCC chamgjng ecological, economic and geographical
models. SDMs are rarely used in planning conversioland to agriculture (Evans et al 2011) or other
anthropogenic ecosystems. Evans et al (2011) ysszies distribution models (SDM) to allocate laod t
biofuel production in US such that biofuel prodoatihad minimum impact on biodiversity. Such
consideration is important in developing modelsahare environmental-smart. The MA (2005) also
analyzed the LUCC and its effect on ecosystem sesviThe MA (2005) also examined the social impact
of LUCC and demonstrated a fairly comprehensiver@agh to analyzing the ecosystem services. For
models to fully account for the total economic wabf LUCC and trade-offs, they should be integegtiv
multidisciplinary to the extent that they take irgocount changes in all terrestrial ecosystem cesvi
The Patuxent Landscape model (Voinov et al 1999Geaghegan et al., 1997) and General Ecosystem
model (Fritz et al 1996) are examples of the irdtggt models. The Patuxent Landscape model simulates
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ecological and hydrological conditions using ec@afmodules and uses economic modules to account
for the land use changes. In the General Ecosysteaule, the economic modules and ecological
modules are coupled such that results of each coempare used interchangeably to provide feedback
mechanisms in each module. For example, LUCC edédm the economic model are used as inputs
into the ecological modules while ecological ousp(g.g. water depth, habitat health, etc) are ased
inputs into the LUCC economic models.

Nilsson and Persson (2012) considered global gavnemof three interacting earth’s systems: climate
change, biodiversity, freshwater and land use. Tdoglude that earth’s four systems can be govetmed
ensure that the planetary boundaries are not rdaBlg such governance requires elaborate politicdl
institutional arrangement,

Figure 22 presents the schematic framework ofritegrated models required to reflect the full vadiie
the ecosystem services. Unfortunately, economicefsod largely based on market clearing principles
fail accommodate externalities of land use actsi{{iSukhdev 2008). It is also hard to assign an@o@
value to biodiversity and regulating services. Tfamboundary nature of benefits and costs of lasal u
and management also complicates economic moddirmpuntry which seeks to address food security
could achieve its objective by clearing rainforesthich have global carbon-sequestering benefits. F
example, we saw above that DRC has a strong ineenfi clearing the Congo rainforest to address its
food security. To achieve the global objectivecafbon sequestration and other forest servicese som
compensation mechanisms — such as PES discusdied eare required to incentivize land users ot t
clear forests. Integrated modeling including ecoiecprgeographic and ecological models is required to
determine the spatial distribution of benefits aodts of LUCC and land management practices. Such
models will also help to determine trade-offs offedtent LUCC. For example, Rudsepp-Hearne et al
(2010) observed that intensively managed ecosyst@mps & pork production) were negatively
correlated with regulating services (carbon segatish, soil organic matter and soil phosphorus
retention) and cultural services (tourism, forestreation, etc). However, the same study obsenvedgs
positive correlation of natural ecosystems (regudpand cultural services).

Figure 22: Integrated LUCC models
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