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Executive 8mmary

Agriculture, Forestry and Other Land Ua&OLU) is a uniquase among the various sectors with
potential for greenhouse gas mitigation, since it has a central role in providing food s¢Qoitfray
et al., 2010)(Godfray et al., 201®ater and livelihoods, and supporting sustainable development.
The degree to which mitigation is achieved will depend on consideration of these issues. GHG
mitigation in the AFOLU sector is tieére complex and the implications of measures need to be
considered in light of the many economic and social benefits as well as the ecosystem services
provided by land.

The average annual value for global C flux from AFOLU from 2000 to 2009 is veithircéntainty
ranges determined for the 1980s and 19904l-1.3 Gt C/yr]11.2,high agreement; robust

evidencd. The AFOLU sector is responsible for about one third of anthropogenic GHG emissions,
mainly from deforestation and agricultural emissions friiwestock and soil and nutrient

management. Forest degradation and biomass burning (forest fires and agricultural burning) also
represent relevant contributions. Leveraging the mitigation potential in the sector is extremely
important in meeting emissioreduction targets [11.3high agreement; robust evidenke

Opportunities for mitigation include productieside measures, i.e. by reducing GHG emissions per
unit of land or per unit of product, and demaisileoptions (, i.e. by reducing losses and wastes of
food, changes in diet, changes in wood consumption). Carbon sequestration in soils and plants and
the displacement of fossil fuels through bioenergy are also important options. Considering demand
side optiors, changes in diet can have a significant impact on GHG emissions from food production
(11.3.high agreement, medium evidencd-or demaneside and supphgide measures considerably
different synergies and tradeffs may have to be considered.

The nature dthe sector means that there are, potentially, many barriers to implementation of

available mitigation options. Similarly, there are important feedbacks to adaptation, conservation of

natural resources such as water and biodiversity and provision of éiggnThere can be

competion 81 6 SSy RATFSNBY (G fFyRndzaSa RdzS (2 RAFFSNBY
potential for synergies, e.g. integrated systems or multifunctionality at landscape scalehih.4,

agreement; medium evideng¢eThe developing area of environmental servipesvides a

framework for valuing the multiple synergies and traafés that may arise from mitigation projects

[high agreement, medium evidenkeustainable management of agriculture, forests, and other land

uses is essential to achieving sustainableettliyment [11.4 high agreement; robust evidenge

Available topdown estimates of costs and potentials suggest that AFOLU mitigation will be an
important part of a global cosffective abatement strategy [11.Gigh agreement, medium

evidencéd under diffeent stabilization scenarios. A consolidated estimate of economic potentials for
GHG mitigation within the AFOLU sector as a whole is still difficult because of potential leakages
derived from competing demands on land and only some of the potentialsdati\ee. Global
estimate for economic mitigation potentials in agriculture at 2030 is up to 4.3 BtCAd carbon
prices up to 100 US$/tGey while forestry mitigation options are estimated to contribute between
1.3 and 4.2 GtCQr [Note from TSU: new mabers will be added when availabl¢jowever, there

are significant regional differences in terms of mitigation potential, costs and applicability, due to
differing local biophysical, socioeconomic and cultural circumstances, for instance between
developedand developing regions and among developing regions [high.agreement, medium
evidencd. In developing countries, agriculture is often central to the livelihoods of many social
groups and a significant share of the GDP.

The size and regional distribah of future mitigation potential is difficult to be estimated accurately

as it depends on a number of factors that are inherently uncertain. Critical factors include population
(growth), economic and technological developments, changes in behaviorimesahd how these
translate into fiber, fodder and food demand and development in agriculture and forestry sectors.
Additional important factors are: climate change impacts on carbon stocks in forests and future land
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use including its adaptation capabil{tyl.5.high agreement, medium evidenge&onsiderations set
by biodiversity and nature conservation requirements; and interrelations with land degradation and
water scarcity [11.8high agreement, robust evidenke

Land use and land use change associatith bioenergy expansion can affect GHG balances, albedo
and other climate forcers in several ways, and can lead to both beneficial and undesirable
consequences for climate change mitigation (1High agreement, robust evidengeJnder limited
availabiliy of productive land due to growing food and bioenergy consumption, demand may induce
either substantial LUC causing high GHG emissions and/or agricultural intensification, which imply
more fertilizer use, energy use for irrigation and highgdMmissionsHowever, societal

preferences and technological changes also shape the LUC and intensification outcomes. AFOLU
mitigation options can promote innovation and many technology produesiicle mitigation options

also increase agricultural and silviculturéfi@ency (11.3high agreement, robust evidenge

Largescale reliance on bioenergy and sequestration in afforestation and reforestation projects will
likely increase the competition for land, water, and other resources and conflicts may arise with
important sustainability objectives such as food security and soil, water and biodiversity protection,
meaning that sustainability frameworks to guide development of such mitigation projects need to
consider competition for land. Emphasis should be given toifuaotttional systems that minimize
food-energy competition and to the harnessing of residues for bioenergy.

Adequate policies are needed for orienting practices in agriculture and in forest conservation and
management to cope with mitigation and adaptatiddne of the most striking aspect of policies for

the AFOLU sector is the implementation of REDD mechanisms and its variations that can represent a
very costeffective option for mitigation (11.1high agreement, medium evidencwith social and

other envronmental cebenefits (e.g. conservation of biodiversity and water resources).

AFOLU forms a critical component of transformation pathways, offering a variety of mitigation
2LI0A2ya FyR I fFNBS: 02 aNoe@@nTSl$ delvinvbe@sSvilllser G A 31 G A 2y
added when available]

11.1 Introduction to the integrated assessment of AFOLU

In the IPCC SAR (IPCC WGIII, 1996) and in AR4 (IPCC WGIII, 2007), agricultural and forestry mitigation
were dealt with in separate chapters. In the TAR (IPCC WGII), #0€&E were no separate sectoral
chapters on either agriculture or forestry. In AR5, for the first time, the terrestrial land surface,
comprising agriculture, forestry and other land use (AFOLU), is considered together in a single
chapter. This ensuresit all land based mitigation options can be considered together, minimises
the risk of double counting or inconsistent treatment (e.g. different assumptions about available
land) between different land categories and allows the consideration of systegtbécks between
mitigation options related to the land surface. The treatment of AFOLU in a single chapter allows
phenomenathat are common across land use types such as competition for(éagd Smith et al.,
2010; Lambin and Meyfroidt, 201ahd water(e.g., Jackson et al., 200@nd cebenefits(Sandor et

al., 202; Venter et al., 2009 be considered consistently. Further, the consideration of AFOLU for
the whole terrestrial land surface mirrors moves towards harmonised accounting of land use
emissions and removals in national greenhouse gas invent@REC, 2006)

Since climate mitigatiois not the primary use of land, we consider the conflictings of landor

food and fibre provision, for energy production and for conservation of biodiveasityecosystem
servicesand natural resources in this chapter. Unlike the chapters on agmeuind forestry in AR4,
impacts of sourcing bioenergy from the AFOLU sector are considered in this chapter. Also new to this
assessment is the explicit consideration of demaitte measures for GHG mitigation in the AFOLU
sector.
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Notwithstanding a numbeof issues common across all land uses, it should be noted that there are
still significant differences between the sectors affecting the land surface. Agriculture and forestry,
for example, are often governed by different policies, and are often govegetifferent

departments @ ministries within governmeniThe land managers are also very different; agriculture
is managed mainly for short term by farmers, forestry mainly for long term by foresters, and with
some notable gamples, the different land magers have perceptions of themselves as one or the
other of these Similarly, the tenure varies between the sectors; agriculture tends to be managed by
small private landholders; forestry by Government and corporate entities. There are also growing
areas @ crossover between the sectors such as agroforestry or the reforestation of farmland, and
thesefeedbacksre likely to increase as various labased mitigation options are implemented.

In this chapter we deal with AFOLU in an integrated way with @gpdahe underlying scenario

projections of e.g. population growth, economic growth, dietary change, land use change and cost of
mitigation by adopting the scenarios also being considered by IPCC WGI and WGII (i.e. the

Representative Concentration PathveaRCPs]), but when considering the mitigation options, their

likelihood of acceptability and adoption, and the policies used to influence behaviour, we take a

sectoral approach, for the reasons outlined in the previous paragraph. As in AR4, we attempt to

RNl 6 SOARSYOS HMEY ddaizliRR S&0 A KGEZAY SAGAYIFGS YAGAIF G
and the scale up, and muli SO 2 N 2 4 yoél 28ld dzZRA S& GKF G O2yaARSNJ ! Ch
of a total multisector system response.

Mitigation potentialsin the agricultural sector in IPCC AR4 were estimated ta%é.4, 25-2.7, and
4.0-43 & CQ-eq. yi* at 20, 50 and 100 USD CQ-eq. in 203QP. Smith, Martino, Cai, Gwary, HH
Janzen, et al., 200.7)he equivalent figures for forestry, from botteup estimates, range from.27

to 423Gt CQ-eqyr’ (Nabuurs et al., 2007)n this chapter we provide updates on emissions trends
and changes in drivers and pressures in the AFOLU sector, and we provide refined estimates of
mitigation costs and potentials for the AFOLU sector, by synthesising studies that have become
available since IPCC ARUTHORSYVill be updated with actual numbers when available from Gh8

11.2 New developments in emission trends and drivers

This section descrdschanges in recent GHGs trendempasesto those presented in AR4nd
notesmajorchanges irdrivers. Anthropogenic sources and sinks of GHGs in AFOLU include;net CO
fluxes from management of land (croplands, forests, grasslands, wetlands), chategesusee.g.
deforestation)and nonrCQ emissions from agriculture (e.g. £frbm livestock and rice cultivation,

N,O from manure storage and agricultural soils). Global trends in total emissions from AFOLU
activities between 1971 and 20H0d contributons of single sources are shown in figure 11.1a

figure 11.1b shows net C fluxes from land use, land use change and fok@sttymanagement and
land usechangeare the maindrivers of CQ fluxes, while CiHand NO emissions mostly diee from
livestock,manure managementnd the use of nitrogefertilization. The detailed descriptions of
drivers and trends are presented below.
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Figure 11.1 Global trends in CO2 eq emissions from AFOLU (a) and net C emissions from land use,
land use change and forestry activities (b), Gt C/yr.

(a) CO, emissions from deforestation for 1980-1989 is the median of data available in (Ramankutty et
al., 2007) and (Piao et al., 2009) and for 1990-2007 are taken from (Y. Pan et al., 2011) - data on
deforestation in the 1980s are not fully comparable to data for 1990-2010 (Y. Pan et al., 2011) due to
different coverage, approaches and assumptions used; C emissions from fires for 1980-1989 are from
(Seiler and Crutzen, 1980 as cited by (GR van der Werf et al., 2010) and for 1980 only; for 1990-1999
are average of (Randerson et al., 2005 as cited by (GR van der Werf et al., 2010) and data from
GFED for 1997, 1998 and 1999; and for 2000-2010 are from (GRED, http://globalfiredata.org); Non-
CO, emissions for 1980-1989 are taken from ([CSL STYLE ERROR: reference with no printed form.]),
table 23-11 (enteric fermentation, manure management and agricultural soils) and rice cultivation from
(Stern and Kaufmann, 1988); data for 1990-1999 are from FAO, 2011 (enteric fermentation) and (U.S.
EPA, 2011) (ag. soils, manure management and rice cultivation); data on N,O emissions from
agricultural soils in 1980s are not fully comparable to data for 1990-2000 due to different coverage of
sources (only N fertilizers, N fixation and biomass burning included) and different approaches.

(b) Values for 1980-1999 are medians from (RA Houghton, 2003, 2010; Strassmann et al., 2008; S.
Piao et al., 2009; Pongratz et al., 2009; Shevliakova et al., 2009) and uncertainty range are standard
deviations between different research results; values and its uncertainty ranges for 2000-2009 and
1990-2007 are taken from (RA Houghton et al., 2012).

11.2.1 Production and consumption trends in agriculture and forestry

Agriculture In 2009 total agricultural land occupied 4889 MRAOSTAT, 2014n0d the share of
pasturesg 69% (3356 Mha) and cropland$81% (1533Mhahasremained almost stable since 2002

(see AR4). Together, croplands and pastare®ne of the largest terrestrial biomes on the planet,
rivalling forest cover in extent and occupying 40% of the land surfdwsefinition of pasture in

FAO databases is nfatlly harmonized across countries so that there is substantial uncertainty
regarding the pasturarea(Erb et al., 2007)n accordance tthe wider definition ofgrazing lands

used in thedPCC Good Practice Guidancegi@sslands (see seéoh 11.5.3 of this report)otal

grazing landirea comprises about 25% thie globalland surface. Grazing intensity on pasture land
varies greatly between regions, and there is evidence that a considerable fraction of livestoc§ grazin
200dz2NB 2y flYyR y20 AyOf dzZRSR Ay (KS (Youndy 1999.ISNXY I y Sy
Erb et al., 2007; FAO, 2008hisincludes but is not limited to, traditional pastures. Overgrazing

often happers on drylands as a result of pressin@m food demand especially irconomically

poor regiondeading tosoildegradationand desertification{Mortimore, 2009)

Theamount of arable and pasture laqebr-capitahasincreased in developing countries by 5% and
10%respectivelypetween 2000s and 1970despite acontinueddecreasing trend in developed
cowntries (FAOSTAT, 2010Qhanging landse practices have enabled world grain harvests to double
in the past four decades, so they now exceed 2 billion tons per(7éed, 2011
www.ftp.fao.org/docrep. Some of this increase can be attributed to a iiésaase in world

agricultural land areaince 1970¢by 311 Mha)though after 1990sgricultural lancarea decreased

by 53 Mha {1%) due taarapid decline of permanent meadows and pastures in developed countries
(7.0% or 75 Mha for last decade). The tten agricultural area of developing countries afiee

1990s first show stabilizatipandthen adecrease in the area under permanent crogs 1% or 31.6
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Mha) and arable land16.6% or 17.6 Mha) since 19 PAOSTAT, 201However,increased

productionhas mainhNB & dzf 4§ SR FNRBY WWDNBESYy wS J2yieldiigh 2y QQ (SOl
cultivars, chemical fertilizers and pesticides, and mechanization and irrigation. During the past 40

years, there has been a 700% increase in global fertilizef2286 since 200EAOSTAT, 2014nd a

70% increase in irrigated cropland afdaA. Foley et al., 200%)gricultural intensificatiomas

mainly occurredn the Southern Asia (e.g. Bangladesh and Sri L&Rkgpal Society, 2009)

Risingdemand for meat and dairy products over the last 50 years has lead to a ~1.5 fold increase in
global numbers of cattle, sheep and goats, with equivalent increases of ~2.5 and ~4.5 fold for pigs
and chickengrespectivel{\FAOSTAT, 201 By 2050, the human population is predicted to reach 9
billion and the demand for livestock products is expected to do(lbiéted Nations, 2009)n 2010

the total number of livestock comprised about 47BDhead (except poultry)FAOSTAT, 201d)th

major contributins of sheep and goats (2000 M hgaahd cattle and buffaloes (1628 head). The
largestlivestock populations are in Asia (more of 50% of sheep and goats and 40% of cattle and
buffalo), followed by sheep and goabpulatiorsin Latin America (36%@ndcattle and buffalo
populations inAfrican andthe Middle East (25%). Majoegionaltrends for 19732010 includea

rapid decrease in the total number of ruminants in OECD countd884 for sheep and goadsid-

8% for cattle and buffalpopulatiors), with atendencyfor substitution ofthe cattle population {

13%) with smalleother animals (+60%) in EIT countriead continuousgrowth oflivetock

populations in developing regiomghich hasalmost doubled irthe Middle Eastand Africa

(ruminants) Latin Americgcattle and buffalpand in Asiésheep and goajsince 197 FAOSTAT,

2011) Global and regional trends for major drivers of GHG emissions in AFOLU for the period from
1971 to 2010 are shown on figure 11.2.

Population growth and increasing food demand have been accompanied by an increaseapifeer

food availabily, by 14% on average for the world (up to 2756 kcal/capita/day), while for developing
regions, particularly for Asia, the increase reached 25%. The share of animal products in the diet has
increased consistently in developing countries, up 92% since 18gmh it has decreased in Africa
and the Caribbean), while for developed regions livestock products in the diet have tended to
decline(FAOSTAT, 2018s a result of population growth, rising pesipita caloric intake and

changing dietary preferces, such as an increased consumption of meat and dairy products, the
demand for agricultural products in the future is anticipated to increase significantly, especially in
Asia, Latin America, and Afrifla-H. Erb et al., 2012JA. Popp et al., 2010FAO, 2006Tilman et al.,
2011) This trend is largely driven by the demand projection of increases in global meat consumption
of 68% and in global milk consumption of 57% by 2030 compar28@0(Food and Agriculture
Organization, 2009)ncreased crop and livestock production is likely to be met through the

expanded use of synthetic fertilizers and livestock production capacity, particularly in developing
South and East Asia, S8hharan Aica, and Latin America and the CaribbélinS. EPA, 2011)
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Figure 11.2 Global trends from 1971 to 2010 in the area of land use, number of livestock and amount
of N fertilizers by regions 1 relative change from 1971 (forest land i from 1990; N fertilizers i from
2002): 1) OECD90 countries; 2) countries with reforming economies (EIT); 3) Asia; 4) Middle East and
Africa; 5) Latin America and 6) World. (FAOSTAT, 2011)

There are indicatiomthat current climate changes have already impacted agricultural production
around the world Global maize production is estimated to be 3.8% lower than it would be if there
had been no warming. For the US, wheat production has dropped during 1980 tdR@08%.

However, yields of rice and soya beans have increased by 2.9% and 1.3%, resgBcBvélgbell,

2011) Future changes in glabaverage yields of wheat, maize and barley by 208fer theSRES

A1B scenario indicate +1.6%4.1% and1.8% with 95% probability intervals 6#(1, +6,7),4€8,0,-

4,3) and {11.0, +6.2) in percent of currents yields, respectiy&gbaldi ad D.B. Lobell, 2008)

However, adapting planting dates and cultivar choices may increase yield in temperate regions and
avoidthe projected 718%global lossethat would occur without adaptatiofGornall et al., 2010;
Deryng et al., 2011)

Forestry At a regional level, South Amerieaperiencedhe largest net loss of forests between 2000
and 2010c about 4.0 Mha yi ¢ followed by Africa, which lost 3.4 Mha'yiOceai® also reported a

net loss of forest (about 700 khayover the period 20062010), mainly due to large losses of

forests in Australia, where severe drought and forest fires have exacerbated the loss of forest since
2000. The area of forest in North a@entral America was estimated to be almost the same in 2010
as in 2000. The forest area in Europe continued to expand, although at a slower ratégAgd)k

than in the 1990s (900 kha¥)r Asia, which had a net loss of forest@00 kha ytin the 1990s,
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reported a net gain of forest of more than 2.2 Mh& ym the period 20062010, primarily due to
large-scale afforestatiomn China, and despite continued high rates of net loss in many cesritri
South and Southeast Aslaends in the extent obfest area are showm Table 11.1

Table 11.1 Trends in extent of forest 1990-2010

Annual change rate
1990-2000 2000-2005 2005-2010
1000 1000 1000

Country/area ha.yr* %° ha.yr! %° ha.yr* %?
Africa total -4067 -0.56 -3419 -0.49 -3410 -0.50
Asia total -595 -0.10 2777 0.48 1693 0.29
Europe 877 0.09 582 0.06 770 0.08
North and Central America total -289 -0.04 -40 -0.01 19 n.s.
Oceania -36 -0.02 -327 -0.17 -1072 -0.55
South America -4213 -0.45 -4413 -0.49 -3581 -0.41
World -8323 -0.20 -4841 -0.12 -5581 -0.14
Source: (FRA, 2010)

Considerable mitigation potential could be dexdl from reducing emissions from deforestation and
forest degradation including the maintenance and enhancement of forest carbon stocks (known as
REDDHJ.G. Canadell and M.R. Raupach, 2088y result of carerted efforts, taken both at local

and international level, global deforestation rates were significantly reduced in 2000s, particularly in
Brazil and Indonesia, which had the highest loss of forests in the 1990s. In addition, ambitious tree
planting progammes in countries such as China, India, the United States and Vietmanbined

with natural expansion of forests in some regiofgve added more than 7 Mha of new forests
annually. As a result the net loss of forest area was reduced to 5.2 Mbatween 2000 and 2010,

down from 8.3 Mha yrin the 199094FRA, 2010)

11.2.2 Trends of C fluxes from land use and land u$&ange

Total land use change C flux tren8&ce prendustrial times, land use and laae change have
released C to the atmospher€he total amount of C released to the atmosphere has been
estimated at 138; 294 Gt C since 1700; 1888 Gt C for th period 185€2000(Pongratz et al.,

2009; Shevliakova et al., 2008) 156 Gt C during 1852005(RA Houghton, 2010 he inclusion in
modelling of current changes in climatic parameters, and the global increase of NPP of terrestrial
ecosystems durinthe 20" century (due to rising G@oncentrations andemperature and
precipitation changes) have resulted in a much lower estimatéotal carbon emissions from land
use and land use changmeing about 31 Gt C for the period 192002(Piao et al., 2009)

All studies agree on the increasing trend of annual C losses from 1850 (1700) to the middle of the
20th century. The net flux from land @ignd landuse change over the recent period 192005 is
estimated to have ranged between emissions of0.6 Gt C y* (Houghton, 2010)o asink of 1.0 Gt

C yF* (Piao et al., 2009)or 19962009 he mean global emissions are found to be 1.14+0.18 Gt C yr

! (RA Houghton et al., 2012Jhe large range arises from uncertainties in the input data, and
assumptions sed for each analysis (e.g. rates of land use change; density of C stocks; processes and
activities considered; fate of affected ecosystems; changing climatic parameters). The mean value of
annual C flux from land use and land use change activities ib9@s is estimated abodt 1+0.8Gt

C yi* and in the 1990g 1.1+0.9Gt C yF. Median values are 3and 1.1 Gt C shrespectively.

Within variations between different estimates, fluxes from land use and land use changes between
1980 and 2000 were nelgrconstant Figure 11.1h)

A major contribution to the overall increasing trend in the net C flux to the atmosphere dheng
20" and beginning of the 21st century comes from increased deforestation activities and agricultural
development in the tropis (more rapidly after 1960). Dominant sources are fire emissions from
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tropical deforestationLe Quere et al., 2009\Nearly 70% of gross gémissions derive from the
tropical and subtropical zones with the largest sources in South America and southern Asia rather
than Afri@, estimated to be 1.5, 1.1 and 0.24.5 Gt C ytat present, respectivel{Ciais et al.,

2011; Richter and Houghton, 2011 the temperate zone, the trend during the 20th century is in
the opposite direction, indicating growing €€inks and decreasing gross,G0urceqY. Pan et al.,
2011)Richter and Houghton, 2Q). Increased secondary vegetation sinks, in both temperate and
tropical zones, decelerated net conversion of primary forests to agricultural#imelvliakoa et al.,
2009)as well as increased net primary production of terrestrial ecosystems during second half of
20th century due to raised temperatures and f&OncentrationgPiao et al., 209; Zhao and

Running, 201Qwhich have partly counteracted the growth of gross €@urces in the tropics and
rendered the net global C flux to be nearly steady during the 1980s and 1990s.

Most recent cta on total Cltix from land use and land use change activities for the period-2000
2009(RA Houghton et al., 2018)ggestmean global emissions 1.1+0.11 Gt € yFor land use
change emissions only, the annual global flux for the period was estimated as high as 1.5
Gt C yi* (Richter andHoughton, 2011)the same average value reported for the period 12905

by Le Quere et al2009) These estimates are supported by the estimate of 1.3 Gt @ythe
average annual emigsis from tropics for the period 28-2007(Y. Pan et al., 2011Global
emissions from land use change estimated for 2008éQuere et al2009)suggest a slightly lower
value (1.2 +0.7 Gt C Vrthat is explained by reductions of deforestation activitie2008in

southeast Asia-65%) and tropical Americad0%), compared to the average levels in 1:2987.The
enhanced terrestrial NPP observed at the end of the 20th agnught not be continuing into the
first decade of the 21st century. Thu&ao and Runnin@(10)indicated thereduction in global

NPP of 0.55 Gt C for the period 262009 as a result of larggcale droughts and a drying trend in
the Southern Hemisphere, which counteraciaincreasing trend of NPP in Northern Hemisphere.
According to some projections up to 21@lmate warming and Gertilization might result in the
additional terrestrial C uptake by global ecosystems in the range22655t GMlller et al., 2007)
However, there are indications that current global warming has already started accelerating C loss
from terrestrial ecosystems by enhanced decompositioraiff organic carbon and that in the
response to warming trends only, the global net C uptake significantly decreased after 2002,
offsetting about 70% of the increase in the global net C uptake owing 1Rt et al., 2009)he
average annual value for global C flux from AFOLU during20@®is within the uncertainty ranges
determined for 1980s and 199(see Figure 11.3)
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Figure 11.3 Global trends in average annual C fluxes from land use and land use change for decades
1990-1999, 2000-2007 and for the period 1990-2007, Gt C: sources are positive values; sinks are
negative values. Values of total land use change are medians from (Le Quere et al., 2009; Piao et al.,
2009; Richter and Houghton, 2011) (Y. Pan et al., 2011) and uncertainties are standard deviations
between different research results. Bars represent data by (Y. Pan et al., 2011). Single points are
data from different studies for deforestation (red) and secondary vegetation (green): circles i (Y. Pan
et al., 2011); triangle i (Denman et al., 2007); squares i (Richter and RA Houghton, 2011) and
lozenge i (Shevliakova et al., 2009) and (RA Houghton, 2010)

ForestsRecent estimates of global terrestrial C sink in forest ecosystems show the range of 2.0 to
3.4 Gt C yr(Canadell et al., 2007; Le Quere et al., 2009an et al., 201I)he bottomup

estimates using recent dafeom forest inventories and longerm field observations, coupled to
statistical or process models resulted in an estimated average annual C sink of 2.4+0.4 Gt C yr
globally for 1992007(see Figure 11)4Y. Pan et al., 2011) he contribution of vegetated land of

the Northern Hemisphere was assessed to be 1.7+0.8 GtfGrythe period 2002004 (P. Ciais et

al., 2011)

Inverse modelling studies usually report higher results. Thus, the forest sink for boreal Asia only is
estimated to be an averagd 6.48 (ranging from 0.33 to 0.63) Gt C (8hvidenko et al., 2010;
Quegan et al., 20111 consistent average C sink of 0.548t1C yt for recent decadegsee Figure
11.4) for the boreal zone is a result abntrasting trends between increasing emissions from
disturbances in Asian Russian and Canadian forests, and growing sinks within(Eurape al.,

2008) (AZ Shvidenko et al., 2010;@ais et al., 2011Temperate forests contributed 27% and 34%
of global C sink for 1990s and 2000s, respectively. That positive trend is explained mostly by
increased forest area in $. Pan et al., 201(Mude Pan et al., 2009; Masek et al., 2GiJ China
(Tian et al., 2011)he reduction of the C sink in tropical intact forests for the peric@02ZZD07 was
mostly caused by deforestation of intact forest area, which is a primary source of new agriculture
land inthe tropics (55%), and a severe Amazon drought in ZB80flips et al., 2009; Gibbs et al.,
2010; Zlao and Running, 2019. Pan et al., 201Lyhich resulted in thelecrease of net carbon
balance of South America by nearly 1 Pg C durifg-2010(Gloor et al., 2012)The regional trends
are presented irfFigure 11.4.
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Figure 11.4 Carbonsinksands our ces i n wor | €lp Negdtive baesqltelsw tlie@ axis)C y r
represent sinks; positive bars (above the axis) represent sources. Purple bars represent established

forests (boreal, temperate and intact tropical); green bars represent tropical secondary vegetation

after disturbances and brown bars represent deforestation emissions (Y. Pan et al., 2011).

The FAO assessmentofcarbcd §1 & Ay (KS ¢ 2 Nigestraddecieasdlly 8.5GtE §r2 Y I a &
tin 20062010, mainly due to a reduction in total foremtea(FRA, 201QFAO, 2011). Conversion

primary forest to agricultural lands also significantly decreases soil C stocks3694l2and cannot

be fully restored in secondary foregf3on et al., 2011)Norld deforestation has reduced over the
pastdecadebut continues at a high rate in many countries. Globally, around 13 Mha of forests were
converted to other uses or lost through natural causes each year between 2000 and 2010edmpa

to around 16 Mha yrduring the 1990¢FRA, 2010accountng for about 20% of global GHG
emissiongOlander et al., 2008)Additionally forest degradation, particularly selective logging, is

responsible for 18.9% higher C emissions theeported from deforestation alonéHuang and G.P.

Asner, 201Q)Forest degradation include impacts of largeale and open forest fires, collection of

fuelwood and nortimber forest products and production of charcoal, grazingcaibopy fires, and

shifting cultivation. On averag one percent of all forests areported by FAQO to be significantly

affected each gar by forest firegFRA, 2010)Present global carbon emissions from wildfires

estimated to be about 2.Gt Cyr* during 199¢2001 (with range 2.&tC yr in 1998 and 1.6tCyr

'in 2001) and around 2.Gt C yr during 2002,2007, before declining in 2008 (1@t Cyr*) and 2009

(1.5 Gt C ¥ partly due to lower deforestation fire emissions in South Americhteopical AsidGR

van der Werf et al., 2010pata available frorthe Global Fire Emissionafabase

(http://globalfiredata.org showthat global emissions frorall types offiresin different ecosystems

in 2010were as high a2.2 GtC. Within that numbergrassland and open savanna fires had a major
contribution of 0.8 Gt C antbrest fires contributed about 0.3 PgC. Fires frdeforestation and
degradationincreasedn 2010 by almost three timesompared toprevious yearswith 0.7 PgC

resulting from high emissions in South America and SoutheastTsaontribution of peat fires

from deforestation is estimated to be in thamge from 0.1 to 0.3 GZ yf* in recent year§RA

Houghton, 201Q)Additionally biomass burning (forest fires and agricultural burning) could

contribute up to 4252% of global black carbon emissig@ATF, 2009JAMAP, 201%t)Lamarque et

al., 2010) and comprise as high as 2640 of black carbon per yedwan Der Werf et al., 2006)

Spring agricultiral firesin the Northern Hemispheralone (average for 2002007) emitted annually

about 47.7Mt of black carbonwith major contributions from Eastern Europe, southern and Siberian

wdzd aA X b2NIKSFaGSNY / KAYlF | yRnbeltfGTR/2008)i K S NJ LI NJi
AINR Odzf GdzNTF f FANBEA | O02dzy i ¥ 2 (Chovetval:, 20B8) / KAY Il Qa G2

CroplandsTheglobal carbon balance on permanent croplamsisharacterized by net emissions of
0.6¢ 0.9 Gt C yrfor 19901999(Shevliakova et al., 2003 owever, reginal data suggest
inconsistent trends within regions (e.g. some studies suggest that croplands in Europe have a
negative C balangg€eschia et al., 2010)hilst others suggest a small C sifiilippe Ciais et al.,
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2010) and different trends in different regions (e.g. average € stocks of US croplanae
estimated tohave increased by 4 MtyZ* during 19821997 (Lokupitiya et al., 2010)

Grassland¥ ¢ KS OdzZNNByd DI D 0dzRISH 2F GKS g2NI RQa 3INI
a few modelling estimates on continental scale, primddtyused on the C&romponent of GHG
budget of grasslands. For the period 19889 the global annual C flux from pastures varied from a
source of 0.37 to a sink of 0.15 Gt €(@Bhevliakova et al., 2009 number of studies suggest that
grasslands predominantly act as a sink for atmospherigC@hant et al., 2001; Follett et al., 2001,
Soussana et al., 2007; R. Lal, 20bwj a significant C release may occur in organic rich soils, or
under grazing and heat stress during single years. For egaf@iimanov et al., 200Tund that

the annual net ecosystem GE&xchange of European grasslands varies from a significant uptake
more than 2400 g Cn?yr* to emissions of 600 g GO?yr?, though 80% of sites investigated were
a net sink. Ossite NO and Cllemissions from grasslamdaynot outweigh the atmospheric GO

sink activity(Soussana et al., 200¥Yorldwide, significant C sequestration potentigls been
estimated for permanent pastures in the range of M3 Gt C yt (R. Lal, 2011ut the estimates

are uncertain

Wetlands While CHirelease from wetlands is largely part of natural C cycling, the dgaiof peat
soils results in enhanced €&nhd NO emissionsGlobally these emissions can be as high-a<Gt
CQ-eq/ yr (Couwenberg et al., 2010; Joosten, 20Mpridwide estimates of GHG emission trends
from drained and native wetlands are lacking in the pemiewed literature thoughdata from
(Joosten, 20103hows that the CQemissions from more of 500,000 kwf drained peatlands in the
world have increased from.1 Gt C@yr™in 1990 to 1.3 Gt GQr™in 2008 (an increase of more
than 20%). This increase has taken plaagicularlyin developing countries (e.@entral Asia
region). Additionally, about 0.4 Gt G@qyr* was emitted due to peat fires in the SbuEast Asia
(Couwenberg et al., 2010; Hooijer et al., 201Rynificant peat fires regularly occur in Russia,
Belarus and sounding territories. For developed countries, the trend in emissions since 1990 is
decreasing due toatural and artificial rewetting of peatlandsoughwetlands are still responsible
for emissions of more than 0.5 Gt §@" (Joosten, 2010)Future GHG fluseand resulting C
accumulation of peatlands may be affected in different directions in different regions of the world,
due todifferences in annual temperature, precipitation regiaued water levels in wetlandSaarnio
et al., 2009)(Beilman et al., 2009)

It is critical to include the C budgef other ecosystemssuch as lakes and mangrove forests

estimates ofcurrent and future global C fluxes. The literature results assess global mangrove primary
production of 218+72 Mt @, and additional C sink due to organic C export, sedimenaband
mineralization as high as 112+85 MyiC (Bouillon et al., 2008)The results obtained by FABAO,

2007) indicae that the global mangrove area is currently about 15.2 Mha, with the largest areas

found in Asia and Africa, followed by North and Central America. An estimated 3.6 Mha (20% of the
area) of mangroves have been lost since 1980. More recently, the ra&t &iss appears to have

slowed down, although it is still high. About 118t were lost every year in the 198@isis figure

dropped to some 118.khayr™in the 1990s and to 10ghayr” (c0.66%) during the 20@@005

period, reflecting an increased awaress of the value of mangrove ecosysteatential changes of

the C budget of lakes may be of global importance, while directions and the magnitude of possible
changes depend on changes in precipitation and evaporafeardille et al.2009)found that
NEIA2Yylf / FfdzE FNRY 1184 2F b2NIK ! {! YAIKIi
f26SNIAY | GRNEBé &aOSYyIFNAR2 O2YLI NBR G2 ,LINBaSyil
emissions from the surface of cool laK&®sten et al., 20105aline lakes play a significant role in

the global C cycle and tend to emit more @@an freshwater reservoirs. Globally this flux estimated

as 0.110.15 Gt Gr' (Duarte et al., 2008)

-~ N,

OO
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11.2.3 Trends of norRCQ GHG emissions from agriculture

[AUTHORSSection will be updated to 2010 data for SQP010 data not yet availabldit presen,
cumulative GHG emissions (both CO2 and-@@2) from agriculture comprise about 12% of global
anthropogenic emissiond.inquist et al., 2012)n total 76% of GHG emissions on croplands comes
from the application of fertilizers and 7.6%rom field operationdCeschia et al., 2010Between
1990 and2005global emissions of CH4 and N20 grew by 10%, from 9909 to 10928 M&CO2
(MtCO2eq) (U.S. EPA, 201Tjhe agricultural sector is the largest contributor to globaCO2
GHGs, accounting for 56% of emission&0@5(6211 MtCO2eq).N20 emissions from agricultural
soils and CH4 emissions from enteric fermentationdominantsources, which accounted for 32%
and 30%, respectively, of agricultural emissionad@5(U.S. EPA, 201 Rice cultivation (11%),
biomass burning (12%), and manure management (7%) constitute the remainig@®memissions
from the agricultural sector. Rice cultivation is ondlaf major sources of global CH#essions,
whichwasestimated for 2000 from 708.3 (EPA, 2011) to 716.8 Mt-EP@14.4c 1167.6)(X Yan et
al., 2009)

In the regions of East Asia, Middle East and North Africa, Caucasus and Centydestsie

Europe, Central and Eastern Europe, OECD North Anldgei€aemissions from soils were the main
source of GHGs in the agricultural sec®etween 1990 and 215, N20 emissions from agricultural
soil management have increased 10%, from 1804 to 198@@Req (U.S. EPA, 201T)his was
largely driven by increasing crop production and increasing use of fertilizer and other nitrogen
sources such as crop residues. For the remaining regions, CH4 emissions from rice ou|Boatilo
Asia) and enteric fermentation (S\8aharan Africa, Latin America and the Caribbean, and OECD
Pacific) comprised the greatest contributifld.S. EPA, 2011¢lobal CH4 emissions from enteric
fermentation increased b§% between 1990 and B8, from 1755 to 1864 Mt CG&q (U.S. EPA,
2011) Historical trends in enteric fermentain follow the production cyclef animal numbers,

which is largely driven by beef, dairy and buffalo. Emissiams fice cultivation have increased 6%
between 1990 and AWb, from 670 to 710 Mt CO&q, due to the increase of harvest rig.S. EPA,
2011) Between 1990 and Zib, CH4 and N20 emissions from manure management decreased by
5%, from 408 to 389 MtCG2q (U.S. EPA, 201While emissions from burning increased 12% (from
177 to 198 Mt CO2q) and 17% (from 41 to 47 Mt C@8) for CH4 and N20O respectively.

Between 1990 and 2005, total ng2O2 emissins grew from South Asia, East Asia,-Sabaran
Africa, Latin America and the Caribbean, Middle East and North Africa, OECD Pacific, and OECD
North America, while falling from the Caucasus and Central Asia, and Western Europe.

11.3 Mitigation technology optiors and practices, and behavioural aspects

Greenhouse gases can be reduced by produegide mitigation measures (i.e. by reducing GHG
emissions per unit of land or per unit of product), or by demaiuk options (i.e. by reducing
demand for food and fibreroducts). IPCC AR4 WGIII chapters 7 aidbhBuurs et al., 2007; P.
Smith, Martino, Cai, Gwary, HH Janzen, et al., 20@ussed on productioside measures; here we
consider both productionand demaneside measures, in sections 11.3.1 and 11.3.2, respectively.

11.3.1 Productionside mitigation measures

Productionside mnitigation options were described in detail in IPCC AR4 WGIII chapters 7 and 8
(Nabuurs et al., 2007; P. Smith, Martino, Cai, Gwary, HH Janzen, et al. PZ0@r¢a and per
animal mitigation potentials for agricultural mitigation options were give(PinSmith, Martino, Cai,
Gwary, HH Janzen, et al., 2007; P. Smith et al., 2B08heasuresre summarisedin Tablell.2
Measures describeih detail in AR4 are not decribed furthewlditional practicesnot considered in
AR4(i.e. hoenergyrelated measuresind biochay, are described in more detail insgon11.3.1.1.
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Table 11.2 Summary of production-side mitigation options in the AFOLU sector

Option Description References

Forestry

Reducing REDD ( Existing forest areas with (Gibbs, Brown et al. 200®Baatchi, Harris
deforestation demonstrable risk of landse change or et al. 2011 Mbow, C. et al. 201)2

and forest reduced carbon storage are conserved,

degradation resulting in the avoidancef a businesas

usual scenario that would have produced
higher emissions; emissions reductions occu
primarily through avoided emissions.)

Afforestation /
Reforestation

Afforestration: Establishment of forest
plantations on land that, untthen, was not
classified as forest. Implies a transformation
from nonforest to forest. Reforestation:
Establishment of forest plantations on
temporarily unstocked lands that are
considered as forest. Emission reductions
occur primarily through additional
sequestration.

(Gifford, R.M. et al. 20QRavindranath,
N.H. et al. 2001Siyanbola, W.O. et al.
2002 Mendis, M. et al. 2004

Improved Forest

Existing forest areas are managed to increag

(Madonand G. 2001Nabuurs, G.J. et al.

Management carbon storage and/or to reduce carbon loss| 2001, Houghton and R.A. 200Rarsenty,
from harvestingor other silvicultural A. et al. 2002Mund, M. et al. 2002Fern
treatments; emissions reductions may occur| and Sinkswatch 20QRippke, Garcia et al
through additional sequestration and/or 2003 Monserud and R.A. 200Zheng, D.
avoided emissions and manipulating rotation et al. 2004 Lehtonen and A. 2005
length. Mergaricova, K. et al. 200Robledo, C.

et al. 200
Forest Planted forest are managed to improve (Stigter, Mohammed et al. 2002
management in | productivity for wood fuel, timber, fruits Thenkabail, P.S. et al. 20@2ke and
plantations including cocoa, coffee, wild fruitshd NTFP | Odebiyi 2007Rice 2008Méndez, Castro
such as gum, resins, rubber etc Tanzi et al. 201,So0ua, Goede et al.
2012
Sustainable This includes traditional conservation (Chokor, B.A. et al. 199Hiellier, A. et al.

management in
native forest

techniques through protected forest and
community forests. Conservation is the majo
strategy for this activity

1999 Hardner, J.J. et al. 2000
Ravindranath, N.H. et al. 2004rnalds
and A. 2004May, P.H. et al. 200Z oit,
JT. et al. 2001
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Landbased Agriculture

Croplandg; High input carbon practices and those | (Powell, J.M. et al. 199@erez, P. et al.
agronomy that conserve carbon, e.g. improved cro] 1997 Metting, F.B. et al. 20Q0Batjes and
varieties, crop rotation, use of cover N.H. 2003Levy, P.E. et al. 20p&odfray et
crops, conservation agriculture, al. 2010;(Jennifer A. Burney et al., 2010)
agricultural biotechnology
Croplands; Integrated nutrient management, e.g. (Altieri, M. et al. 1999Drechsel, P. et al.
nutrient improved use of N fertilizers (application| 2001; Neupane and Thapa 200#anlay,
management rate, fertiliser type, timing, precision R.J. et aR004 Dezzeo, N. et al. 2006ray
application), reduction of leaching; , and K.M. 200p
fertilizer inputto increase yields causes
GHG emissions but reduces land
conversion pressures and increases
residue for recirculation to soils (esp.
important in lowyielding agriculture)
Croplandg; Improved tillage, e.g. reduced soil (Meerman, F. et al. 1996Vest, T.O. et al.

tillage/residues

disturbance, incorporating crop residues|
and soil organic matter; retaining crop
residues

2003 Zhao, W.Z. et al. 200Farage, P.K. et
al. 2007; Powlson et al., 2011; Smith 2012

Croplands; water
management

Improved water avaialability in cropland
including water haresting and
application water harvesting techniques
including improved SOM for improved
water holding capacities of soils

(Meerman, F. et al. 1998ackson, Wallace
et al. 2000 Dregne and H.E. 200PRott,
Khan et al. 200FEvrendilek, F. et al. 2004
Muchena, F.N. et al. 200Bayala, Heng et
al. 2008

Croplandg; rice

Riceland management, usually through

Yagiet al., 1997; Wassmanet al., 2000;

management improved water management (e.g. Aulakhet al.,, 2001; Li et al. 2005b; Sass ar
dryland rice, migseason paddy drainage) Fisher 1997; Cai al., 2000 2003; Kangt
al., 2002; Xiet al,, 2003; Paret al., 2006
Crophndsc set Long term fallows and community (Hellier, A. et al. 1999 0dd, S.W. et al.
aside & LUC forestry. This includes holly forest and | 1999 Bassett, T.J. et al. 200Dahlberg and
other traditional conservation methods | A.C. 2000Adger, W.N. et al. 20Q8arris,
F.M.A. et al. 2003.ambin, E. et al. 2003
Reenberg, A.teal. 2003 Toit, J.T. et al.
2004 Skutsch and M.M. 200%eaquist, W.
et al. 2008 Mbow, C. et al. 2010
Assogbadjo, Kakai et al. 2012
Biochar Biocharis a soil amendment that possibly (Singh et al. 2010; Taghizad&bosi et al.
increase biomass productivity, and 2011;(Woolf et al., 201Q)Lehmann et al.
sequester C from source biomass 2003)
Grasslands Improved grass varieties / sward Bosch et al. 2008; Conant et al. 2003; Lyn
management composition, e.g. deep rooting grasses, | et al. 2005; Dalat al., 2003;(Follett et al.,
inceased productivity and nutrient 2001) Conantet al., 2005; Liebig et al.
management 2010c; Lynch et al. 2005; Mortenson et al.
2004
Grasslands Appropriate stocking densities, carrying | (Conant et al., 2001 Freibaueret al., 2004;
grazing capacity management, fodder banks an¢ Conant and Paustian, 2002; Reedéal.,,

improved grazing management, fodder
production and fodder diversification

2004 Franzluebbers and Stuedemann 200
Conantet al,,2005

Grassslanddire
mgt

Improved use of fire for sustainable
grasslandnanagement. Fire prevention

(Ehrlich, D. et al. 199Ayoub and A.T. 1998
Fearnside and P.M. 200Blbow, C. et al.
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and improved prescribed burning

2000 Murdiyarso, D. et al. 2002
Haugaasen, T. et al. 200Raarnak, C. et al.
2003 Zhang, Y.H. et al. 200Barbosa, R.I.
et al. 2005Ito and A. 200p

Organic soilg
restoration

Soil carbon restoration on peatlands; an
avoided net soil carbon emissions using
improved land management

(Smith and Wollenberg 20} 2

Degraded soilg
restoration

Land reclamation (afforestation, soil
fertility reduction, water conservation soi
nutrients enhancement, improved fallow
etc.)

(Hardner, J.J. et al. 200Batjes and N.H.
2003 Sands, R.D. et al. 2008rnalds and A.
2004 May, P.H. et al. 200Zhao, W.Z. et al
20049

Biosolid Use of animal manures and other (Powell, J.M. et al. 1998anlay, R.J. et al.
applications biosolids foimproved managment of 2004 Vagen, TG. et al. 2005Farage, P.ket
nitrogen; integrated livestock agriculture| al. 2007
techniques
Livestock
Livestock Improved feed and dietary additives to | (CJ Newbold et al., 2002; Machmuller et a
feeding reduce emissions from enteric 2003; Odongo et al., 2007; RC Anderson ¢
fermentation; including improved forage, al., 2008; Beauchemin et al., 2008; Martin
dietary additives (bioactive compounds, | al., 2008; Waghorn, 2008; Grainger et al.,
fats), ionophores / antibiotics, propionatq 2008, 2010; PA Foley et al., 2009; Nolan €
enhancers, archea inhibitorsnitrate and | al., 2010; VaZijderveld et al., 2010; Ding €
sulphate supplements al., 2010; Mao et al., 2010; EG Brown et a
2011; Eugene et al., 203 WVaghornret al.,
2007;Kumar, 2011Woodet al., 2006;Van
Zijderveldet al., 2011
Livestockg Improved breels with higher productivity | (Boadi et al., 2004; Alford et al., 2006;

breeding and
other long term

(so lower emissions per unit of product)
or with reduced emissions from enteric

Nkrumah et al., 2006; RS Hegarty et al.,
2007; Attwood and CS McSweeney, 2008

management fermentation; microbial technology such| SR Cook et al., 2008; Morgavi et al., 2008
as archaeal vaccines, methanotrophs, | Janssen and Kir2008; Chagunda et al.,
acetogensdefaunation of the rumen, 2009; YJ Williams et al., 2009; Wedlock et
bacteriophages and probiotics al., 2010; T Yan et al., 20 E)ma et al.,

2010; Newbold and Rode, 2006
Manure Management of manure to reduce (Powell, J.M. et al. 1996/anlay,R.J. et al.
management methane and nitrous oxide emissions 2004 Vagen, 1G. et al. 2005Farage, P.K. e

including composting, coveryj manure
storage facilities, livestock diets to redug
GHG emissions from manure

al. 2007 (Berg et al., 2006; Clemens et al.,
2006; Hindrichsen «dl., 2006; Shiraishi et
al., 2006; Hao et al., 2011; Osada et al.,
2011; Park et al., 201Bhh et al. 2011
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Integrated Systems

Agroforestry
(including
agropastoral and
agrosilvopastoral
systems)

Agroforestry is the production of livestock or foog
crops on land that also grows trees for timber,
firewood, or other tree products. It includes shelt
belts and riparian zones/buffer strips with woody
species. Incorporating trees into cropland
management by switching to short rotation wood
crops (SRWCs) by establishing agroforestry coul
serve both agricultural and carbon sequestration
objectives

(Vagen, 1G. et al. 20050ke
and Odebiyi 200;/Rice 2008
Takimoto, A. et al. 2008 ott,
Ong et al. 2008So00d and
Mitchell 2011 Assogbadjo,
Kakai et al. 20tZBemroc,
Schroth et al. 201;%S0uza,
Goede et al. 2012
Wollenberg, E. et al. 20]2

Other mixed biomass
production systems

Mixed production systems such as doublepping
systems and mixed crdpvestock systems can
increase land productivity and efficiency in the us
of water and other resources as well as serve
carbon sequestration objectives. Grasses can in
same way as woody plants be cultivated in sheltg
belts and riparian zones/buffer strips provide
environmentalservices

Heggenstaller et al., 2008;
Herrero et al., 2010

Integration of biomassg
production with
subsequent
processing in food ang
bioenergy sectors

Integrating feedstock production with conversion,
typically producing animal feed, that can reduce
demandfor cultivated feed such as soy and corn
and can also reduce grazing requirements.

Dale et al., 2009, 2010;
(Sparovek et al., 2007)

Bioenergy

Bioenergy from
forestry residues

Biomass from silvicultural thinning and logging, a
wood processing residues such as sawdust, bark
and black liquor. Dead wood from natural
disturbances, such as storms and insect outbreal
represents a second category..Environmental
effects of primary reidue removal depend on land
management practice and local conditions, and
removal rates need to be controlled considering
local ecosystem, climate, topography, and soil
factors.

(Chum et al., 201iNaslund
and Gustavsson 2008; Erikss
and Gustavsson 2010;
Lattimore et al. 2009;

Bioenergy from forest
unutilized forest
growth

Biomass from growth occurring in forests judged
being available for wood extraction, whichailsove
the projected biomass demand in the forest
industry. Includes both biomass suitable for, e.g.,
pulp and paper production and biomass that is ng
traditionally used by the forest industry.

(Chum et al., 2011 Alam et al.
2012;(Sathre etal., 2010;
Routa et al., 2012Berg et al.
2005; Pyorala et al 2012;
Poudel et al. 2012

Bioenergy from forest
plantations and
agroforestry

Includes biomass from woody plants grown in
short-rotation coppice or single stem plantations
(e.g., willow, pomr, eucalyptus, pine). Both
monoculture plantations and mixed production
systems including agroforestry are included.

(Kursten 2000Tamubula and
Sinden 2000Ravindranath,
N.H. et al. 2001Rice 2008
Sood and Mithell 2017
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Bioenergy Use of crop residues for Bioenergy; Use of by (Rogner et al., 2012Hakala K, Kontturi M,
from crop products associated with crop production and| Pahkala K: Field biomass as global energ
residues processing, both primary (e.g., cereal straw | source. Agric Food Sci 2009, 18:36b.
from harvesting) and secondary residues (e.g| (to be put in ZoterofH. Haberl et al.,
rice husks from rice millingo produce 2010} (Chum et al., 2011jGregg and
bioenergy. Steven J. Smith, 2010)
Bioenergy Cultivation of high yielding crops specifically | (Chum et al., 2013(Sims et al., 2006; H.
from designed for energy end use. Includes Haberl, KH. Erb, et al., 2011; T. Beringer
dedicated cultivation of both conventional agriculture et al., 2011)(A. Popp, J.P. Dietrich, et al.,
crops crops and bioenergyegtdstock plants such as ¢ 2011) (KartHeinz Erb et al., 2012a)
crops (e.g., Jatropha), grasses (e.g., switchgr
Miscanthus).
Bioenergy Animal dung from confined livestock (Rogner et al., 201ZH. Haberl et @)
from manure | production. Currently dung is often burned 2010} (Chum et al., 2011]B Amon et al.,
mgt (Biogas) | directly as a cooking fuel in many developing | 2006) Bérjesson and Berglund 2006;
countries Dung can be converted to biogas in| Méller 2009
biodigesters.
Bioenergy A heterogeneous category that can include, | (Chum et al., 2011fRogner et al., 2012)
from Organic | e.g., organic waste from households and
Wastes restaurants, discarded wood products such ag
paper and demolition wood, and wastewaters
suitable foranaerobic biogas production.

11.3.1.1 Productionside mtigation measures not onsideredin the agriculture and
forestry chapters in AR4

Biochar

Biomass stabilisation can be an alternative or enhancement to bioenergy in-adaed mitigation
strategy. Heating biomass with exclusion of air / oxygen (pyrolysis) eliminates H anfié@miially
over C, producing in addition to energgntaining volatiles and gases, a stablec coproduct

6 OKI NL & !

RRSR G2 azaft I a
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typical bioenergyWoolf et al., 2010and probably highest where efficient bioenergy (withewof

waste heat) might be constrained by a remote, seasonal or diffuse biomass re¢8hexkley et al.,
2012) The relative benefit of pyrolygjsiochar systems (PBS) is increased if assumptions are made

for the durability of positive effects of biochar on crop (and thigvass) productivity and impacts
on soithased emission of trace gases@\and Ck). Using assumptions based on emerging

dzy RSNR Gl yYRAY 3
GtCelyr abatement from 2.27 Gt bionm€. With competition for virgin nemwaste biomass this was

222t F Sid ¢

® 6HAMAVU

lower (1.0 GtCe/yr from 1.01 GtC) and the accrual @fl86 Pg abatement over 100 y, with
favourable adoption rates. Metanalysis of shorterm data supports plant productivity is typically
enharced by ca. 15% over the shaerm, but with a wide range that probably relates to peristing
soil constraintgJeffery et al., 2011) oosening by onbalf the feedback from €90% productivity
increase assumed lyVoolf et al., 201Q)abatement estimates decreased 10%. Decreasing the

Ol £ Odzt G SR

aeadsSy Ara

assumed 25% suppression on seiDNlux simlarly had a smaller effect. Although the interaction of

biochar and the soil N cycle are not fully understood (mineralisation, nitrification, immobilisation

and sorption are variously affected over periods of days to years) the occasionally dramatic and

explainable suppression of soib® flux is not predictable, especially letggm. The potential to

enhance mitigation by tackling gaseous emissions from organic fertiliser before as well as after

application to soi(Steiner et al., 201Q) and spatial strategies to maximise the effedtave been

barely explored). However, the abatemgudtential for PBS remains most sensitive to the absolute
atroAatAde 27 / aG2NBR Ayt AXFBSOKANESHRBRORNDK BA& R
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(Lehmann et al., 2008) or extrapolation of direct skerim observation range from <50 to >10,000

y (Spokas, 2010)rhe(Woolf et al., 2010analysis makes optimistic assumptions on the yield of
stabilised carbon (biochar) amshergy product from biomass pyrolysis that would require efficient

as well as clean technology and access to energy infrastructure. Most importantly, the economic
factors that currently constrain PBS are not considered in a technical, sustainable potantiently

the feasibility of meeting the breakeven cost of biochar production (location specific) depends on a
predictable return on benefits to crop productiamand this will remain the case until stabilised C

can be monetised.

Bioenergy

Climate chang mitigationfrom bioenergy

Production and use of bioenergy influences the climate through (i) emissions ah@©ther GHG
emissions from fossil fuels associated with the biomass production and conversion to secondary
energy carriers; (i) GHG emissi@nsCQ sequestration associated with changes in biospheric C
stocks often caused by associated direct and indirect-lsselchange (dLUC and iLUC); (iii) climate
forcing not related to GHG emissions including particulate and black carbon emissions fathm sm
scale bioenergy use, aerosol emissions associated with forests, and changes in surface albedo; and
(iv) effects of other changes resulting from bioenergy use, such as price effects on petroleum
influencing consumption leve(€hum et al., 2011)he net effect of harnessing the bioenergy
potential on climate change mitigation is the difference between total climate forcing of the
bioenergy system and that of the energystem displaced. The displaced system may be based on
fossil fuels or other energy sources.

Bioenergy systems deliver large GHG savings if they replacebassd energy causing high GHG
emissions and if the bioenergy production emissiqQirscluding hose arising due to LId@re kept

low (Chum et al., 2011 Alternative methods of quantification lead to variation in estimates of GHG
savings and the precise quantifigatiof GHG savings for specific systems is often hampered by lack
of reliable empirical data. Efficient fertilizer management that minimizes emissionglofrdim
agricultural production and the minimization of GHG emissions from the conversion process of
feedstocks to final energy carriers are essential to achieve large mitigation per unit ¢AeRyypp,

H. LotzeCampen, et al., 2011However, GHG emissions from LUC of some bioenergy schemes can
be large, in some s&s more tharahundred times larger than the annual GHG savings from the
fossil fuel displacemer{tGoran Berndes, 201, AHolly K Gibbs et al., 2008; Chum et al., 20éhce,
bioenergyrelated policies and regulations may fail to reach their stated objective of climate change
mitigation if they fail to take the full GH&fects of bioenergy into accoufitielmut Haberl et al.,

2012)

In regions with seasonal snow cover or a seasonal dry period (e.g. savannahs), redathedadn

due to the introduction of perennial green vegetative cover can counteract the climate change
mitigation benefit of establishing bioenergy plantatigi@ibbard et al., 2005Betts et al. 2007;

Loaire et al. 2011 Conversely, albedo increases associated with LbCarmter the warming effect

of C emissions, for instance when forests are converted to croplands, pastures, or other more
reflective land cover (Brovkin et al. 20@Bala et al., 2007; Bernier et al., 20Kiijchbaum et al.

2011). Similarly, the net cliabe outcome of forest bioenergy is influenced by the way associated
changes in forest management affect albg@®d Lawrence et al., 201&tto et al. 2012; Bright et al.
2012). he integration of climate change effects associated with albedo and C stock changes is still in
its infancy and several challenges remain (Bright et al. 2011; Pongratz et al. 2010). The combined
effects are particularly sensitive to the true albedo chaggecluding atmospheric effectand

cloudsc and this is often not measurd@&chwaiger and D Bird, 2010)
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Bicenergyfeedstock supplpotentials and associated land use

The main biomass resources are: a) Primary and secondary residues in thiusgrand forestry
sectors, and tertiary residues including the organic fraction of MSW and wastewaters suitable for
anaerobic biogas production); b) Unutilized forest growth including both biomass suitable for, e.g.,
pulp and paper production and biomatbst is not traditionally used by the forest industry; and c)
Biomass from cropping systems (annual and perennials) established on lands ranging from prime
cropland to marginal lands including lands that have become degraded due to unsustainable land
use.Tablell.3describes these resources.

The global biomass supply potentials of these resources are difficult to estimate as they depend on a
number of biophysical, technical, and seeiconomic factors. Important determinants include
population and economitechnology development and how these translate into fiber, fodder and

food demand (especially share and type of animal food products in diets) and how these demands
are further translated into demand for land, water and other resources depending on pefae

in the food and forestry sectors (e.g., yields, water use efficiency, livestock feeding efficiency). Trade
patterns are also important by determining the links between supply and demand. Development and
innovation in feedstock production (e.g., highgelds and adaptation to specific growing conditions)
and conversion (notably to allow biofuels production based on lignocellulosic resources) may also
open new possibilities. The potential also depends on the priority given to bioenergy products versus
other products obtained from the land, and on how much total biomass can be mobilized in
agriculture and forestry. This in turn depends on natural conditions (climate, soils, topography), how
societies understand and prioritize nature conservation andvgaiér/biodiversity protection, and

on how agronomic and forestry practices are shaped to reflect these priofiesHeinz Erb et al.,
2012b) (Chum et al., 2011}jH. Haberl, KH. Erb, et al., 2011{Creutzig et al 2012)

The full fuelcycle GHG emissions of all types of biofuels are unceitammarginal change in global
GHG emissions induced by biofuel production depends on many factors and has not been
comprehensively or reliably estimatéiicKone et al. 20%; Delucchi, 201(qLapola et al., 2010)
Where unregulated, production of some typeshidfuels in some locations could cause
deforestation resulting in large net GHG emissitiviarshall Wise et al., 2009%ven biofuel
expansion accompanied with ambitious forest protection programmes may cause significant net
emissiongMelillo et al., 2009(Creutzig et al., 2012)

alyed aiddzRASa dzaS || WF22RKkFAOSNI FANEIGomassh y OA LI SQ5>
resource potentials under the condition that specific requirements (e.g., food and fiber supply; soil
and water protection) are prioritize@Chum et al., 2011; Coelho et al., 2Q18)egrated Assessment
Models (IAM) allows better capturing of the dynamics of competing demands for land and other
resources and can be expectedhelp governance of bioenergy by advancing the understanding of
trade-offs, possibilities and risks associated with bioenergy expansion, inclGth@emissions or
CO2 sequestration associated with LUC (see,(d.gischer et al., 2008; D.P. van Vuuren et al.,
2009) (H. LotzeCampen et al., 2@; Melillo et al., 2009Wise et al., 2009;(A. Popp, J.P. Dietrich,

et al., 2011)(T. Beringer et al., 2011gxisting and emerging guiding principles and sustainability
certification systems support sensible utilizatiohbdiomass resources (Stupak, 1., Lattimore, B.,
Titus, B., Smith, C.T., 201tan Dam et al., 201®ut the resource potential implications of

complying with these are little researched.

The IPCC Speciéport on Renewable Energy RERI) estimates that potential deployment levels of
biomass for energy b®050 could be in the range of 100 to 300/E3)(Chum et al., 2011)oting

that studies have reported both lower and higher lower/upper bounds. Other assessments report
50-500EJ yt (Veronika Dornburg et al., 2018hd 166270 Eyr* (Rogner et al., 2012Fhe

potential of specific biomass resource categories are described below.
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Bioenergy fronorganic waste and residues from forestry and agriculture

Organic waste and residu@®s in the agriculture and forestry sectors represent a potential with

few technical constraints on rapid ranyp for several categories such as dung, straw, wood
processing byflows. Resource use (e.g., land and water) associated with harnessing thisceeso

low given that residues are Hiows of other production. Energy inputs (including for nutrient loss
compensation) are commonly below 10% of energy in the extracted biomass and associated GHG
emissions correspondingly low, but methane emissionsfreood chip storage may in some

situations be important (Eriksson and Gustavsson 2010; Wiersaari, M. 2005; Cherubini and Ulgiati
2010). Environmental effects of primary residue removal depend on land management practice and
local conditions, and removaltes need to be controlled considering local ecosystem, climate,
topography, and soil factors (Lattimore et al 2010; Gabrielle, B., Gagnaire, N.(@B08) et al.,

2011) iLUC effects are mostly negligible but may arise if earlier uses (e.g., animal feeding) are
displaced or if soil productivity losses require compensatixtgnded/intensified cultivation. There

is a near term tradeff in that organic matter retains orgamcarbon for longer if they are left on the
ground instead of being used for energy, although the longer term soil C tradeoff may be less than
LINEGA2dzat e o0StASOSR 0aSS rfaz2 {SOGA2y aC2NBai
Table 11.3hows the estimated supply potgal disaggregated by main geographical regions. For
comparison{Chum et al., 201Teported ranges for the global technical potential in 2050 a705

EJ/yr (primary andecondary residues in agriculture, excluding dung)® Eyr* (dung); 550 Eyr*
(organic wastes). Forest residue flows were not reported explicitly but grouped with potential supply
from nonutilized forest growth (@110 Eyr™).

Forest biomass fra natural and managed forests

This category refers to the potential use of unutilized forest growth, i.e., the net annual increment in
forests available for biomass supply that is not needed for the production of conventional forest
products (e.g., papermal sawnwood). Estimates of the supply potential range from 0 to 100 EJ/yr by
2050(Chum et al., 2011Realizing higheend potentials for this category implies increasihg

forest output to several times the present global industrial roundwood production, drastically
extending the share of global forests that is managed for high biomass output. This requires handling
of trade-offs in relation to timing of C flows, bio@iksity conservation and other environmental
objectives, and also aesthetic/recreation values.

The climate mitigation outcome of increasing the energetic use of forest biomass depends on how
the forest C stock and albedo, but also 66 GHG emissions, amaffected by the changes in forest
management and harvest that occur in response to increasing forest biomass demand for energy.
Specifically, the outcome for forest C stocks depends on soil and climate factors, the forest
management history, and on whigpecific changes in management and harvest regime that are
introduced(Hudiburg et al., 2011 eteris paribusforest management to promote growth (e.g.,
fertilization, site preparation, and restockibg higher densities) increases forest C sta@ddam et

al. 2010, 2012(Sathre et al., 2010; Routa et al., 2011, 204Rie shortened forest rotatin period

and increased removal of residues from felling and silvicultural treatments decreases forest C stocks
(Marland and B. Schlamadinger, 1997; Cherubini et@L.12Modelling and assessment

methodology also influencegsults (AntorFernandez et al., 2018.ippke et al., 2011; Goran
Berndes, 2012; Galik and Abt, 2012)

Active forest management can promote increases in growing stpaksl net annual incremeng
allowing increased forest biomass outpuithout draining the forest resource and C stocks over
time. However, the inertia of lorgptation forestry makes this a longelerm option. Specifically,
forest C losses associated with the conversion ofgotivth forests to planted production forests
may not be compensated by forest growth in other parts of the forest landscape in a situation of
rapid and extensive forest conversion.
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Biomass from cropping systems

This category includes annual and perennial plants including trees (see Table 11.3pgrown
currently used or abandoned agricultural land, and on other lands including also lands under native
vegetation. The potential critically depends on land availakglishich in turn depends on

competing land demand (infrastructure, food, feed and fipsyduction) and restrictions (e.g., water
scarcity, high C content in soils and existing vegetation, biodiversity consen@éind)on what

yield levels that can be achieved on available lands now and in the future. This last depends on both
the qualityof available land (climate, soil, topography) and the land use/technology practices that
are implementedSome studiegMonique Hoogwijk et al., 2003; M. Hoogwijk et al., 2008\

Smeets et al., 200Bxploring wider variations for critical determinants report wide ranges (zero to
above 1000 EJ/ yr in 2050) while other stud@4. van Vuuren et al., 2009; T. Beringer et al.,
2011)Beringer et al. 2011; Van Vuuren et al 2009; report more narrow ranges with the higher end
for the potential below 300 EJ / yr.

Insufficient data and resolution can prevent identificatiof unsuitable land parcels (e.g., steep
slopes) and also makes it difficult to assess whether land is alreadyfNsBémankutty et al., 2002;
Coelho et al., 2012Especially land use for animal production is difficult to assess given the
widespread and highlyarying intensity of animal grazirt-H. Erb et al., 2007Yhese uncertainties

can lead to both overand underestimation, depending on how such uncertainties are treated in the
modelling. The parameterization to reflect various siierations (e.g. protection of natural
ecosystems or limitations due to water availability or high C content in soils and existing vegetation)
is hampered by lack of data and knowledge, and it involves judgments of impact risks and priority
among objecties and resource uses that can be based on norms and value judgments rather than
objective data.

Table 11.3 Supply potential® for the main biomass categories, year 2050 if not indicated otherwise

Biomass categories (Potential, EJ)
Waste Agricultur | Dung | Forest Unutilized Plantations Total
e crop residues forest
residues growth
Surplus Margin
agricultural al/
land/ degrad
unspecified ed land
Africa 1 5.5 4 2.5 1.8 69
12-20 0 31-317(SSAfr)
2.32.4 0.6 0
5 0-1 5-48
2.2 1524
10-137(SSAfr)
10-23
21
Australi | 1 0.8 2 0.5 0.3 17
a&NZ 2- 0 (Oceania) 38
(Pacific 5(Oceania) 0.6 102(Oceania)
OECD) 0.60.7 1-2 6-12
1 17-
0,4 32(Oceania)
6-
10(Australia)
30
55(oceania)
3-8
2
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Canada |1 6.7 4 3.6 4.9 19
& USA 4-9(NAmM) 10(NAm) 20-174(NAm)
(NAm) 6.1-6.4 6.2 8-30
4 6-12 27-58
6 12-33
4571
6-21
10
Canada 0.91.0 2-3.5
9-14
12-18
USA 2.3/<2.2 15/<2.2 6-26
(2030) (2030) 0.6/
4.4/ <2.8 1.7/ <2.8 <2.2(2030)
(2030) (2030) 3.8/
4.8/ <3.3 1.8/<3.3 <2.8(2@0)
(2030) (2030) 7.2/
5.25.4 <3.3(2030)
1846
3353
Latin 2 7.4 8 3.7 21.7 45
America 9-11 3(incl. Carib) 47-
6.7-7.1 1.4(incl. 221(incl.Carib)
11 Carib) 2-25
24 2-4 2-66
1834
28104
11-34
22
Europe |1 8.2 6 29 34.5 17
& Russia 5-7 8 34
6.06.4 4.1 65115
6 7-13 6-16
55 53-255
90-150
6-20
12
Europe |1 6.3 4 1.8 1.3 (2030) | 12.318.3
1-2 5 2.8 8-56
4.1-4.3 2.7 17-24
3 (2030) 1.4 (2030) 4-11
0.6 1.7-2.2 17-23
3 3.84.9 11-14
4 59 11-18
4.5 311
5
Former | O 1.9 2 11 31.7 45199
Soviet 2-3 3(C.l.S.+Balti (C.l.s.+Baltics
Union (C.1.S.+Balt cs) 47-97
(Russia) ic States) 1.4(C.1.S.+Ba 2-5
1921 tics 68127
2 2-4 39
1 7
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Middle 1 0.6 2 0.2 0 0.2
East 01 0 0
(ME& 0.91.0 0.3 2-4
NAfr) 2 0 0-4
1 1-31
5-
18(ME&NATr)
1-3
0
S&E Asial 4 11-14 14 9.2 0.8 4
16.617.6 7 0
24 41 1192
10 2-4 7-28
26-172
44-144
8-25
11
China 10.9 2.4 3-10
6.2-6.5
India 7.9 2.9
4.85.1
Japan & 0.3 3.3
Korea 0.2
(group
without
China)
SE Asia 10.8 0.6 4-12
5.45.8
Global 1-3 59.1 9-25 | 22.6 74 171 8-110 | 105
11 3841 39 28 64 2151272 163
46-66 30 6-70 268
28 17.1 130410 350
49 (abandoned) 450
35-245
(restland)
0-988
44-133
77

'Category-specific cost-supply curves scalingfrom farm to the regional level are needed to account for
possible large-scaledeployment scenario effects where the costs increase as total biomassproduction
increases. Source for technical potentials: Gregg and Smith (2010); Data for costs adapted from
Chum et al., 2011, Table 2.4 pp.34-35. [AUTHORS: The table will be completed for the SOD, using
ranges instead of specific values for each region]

Despite uncertainties it can be concluded that: (i) intensification in agriculture for food/feed
production, diets, and efficiency in the use of biomass are key aspects since they determine land
requirementsfor food, biomaterials and bioenerdi?opp etal. 2011(E. Stehfest et al., 2009)

Wirsenius eal. 2010. Especially the share of animal food products in human diets is a critical
determinant, given the large land requirements and often low productivity land use associated with
livestock production (both cropland and grazing land); (ii) Therésdgigye areas of marginal and
degraded land (often subject to extensive grazing), and also currently unprotected grasslands,
woodlands and forests that are biophysically suitable for producing biomass for energy. However,
their utilization is in many plas subject to serious tradeffs concerning, e.g., biodiversity, water
impacts and also climate change mitigation due to large GHG emissions associated with converting
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such lands to bioenergy cultivationsicluding iLUC emissions where existing land aseslisplaced
(KartHeinz Erb et al., 2012Berndes 2002; Molden 200{Chum et al., 2011; Creutzig et al., 2012)

(iii) Investment in agricultural research, development and deployment could produce a considerable
increase in land and water prodinty (Rost et al. 2009; Herrero et al. 2018; LotzeCampen et

al., 2010)s well as improve robustness of plant varieties (Reynolds ardugo2006; Ahrens et al.
2010). Integrated and muifunctional land use providing multiple ecosystem services represent
alternatives to conventional intensificatighAASTD, 200%olke et al. 2004, 2009) represent and the
integration of bioenergy systems into agricultural landscapes can contribute to multiple
environmental and socioeconomic objectives, including théaigtation of degraded lands and
development of farming systems and landscape structures that are beneficial for the conservation of
biodiversity (Berndes et al. 2008; Vandermeer and Perfecto 2006).

11.3.2 Demandside options for reducing GHG emissions from AFOLU

Changes in demarfdr food and fibrecan reduce GHG emissions in the production chain. With
regard to food, this is a sensitive issue, given that currently approximately one in seven people do
not have sufficient access to food in terms of protein and foaldries(Godfray et al., 2010)
Nevertheless, there are great opportunities in both, developing and industriatizetries today
which may get even more important fourrently developing and emerging regiahthey take a

path forconsumingood comparably to industrialized regions in the future.

Two optionsexistto reduce GHG emissions through changes in foodadel without jeo@rdizing
health and weHlbeing:

(1) Reduction of losses and wastes of food in the supply ¢r&@as well as during final
consumption (e.g. food bought and wasted during preparation or not consumed at all).

(2) Changes in diet towardssls resourcéntensive food, i.e. less animal products, substituted by
appropriate plantbased food in order to avoid lack of protein supply, as well as reduction of
overconsumption in regions where this is prevalent.

This section also discusses demaid options related to forestry products and socioeconomic C
stocks.Demandside options are summarised in table 11.4.

Reductions of losses in the food supply ché&fobally, it has been estimated that approximately 30
40% of all food production is lostihe supply chain from harvest to final consuméendfray et al.,
2010) In developing countries, losses of up @4 occur on farm or during distribution as an effect

of poor storage, distribution and conservation technologies and procedures. In developed countries,
losses of food on farm or during distribution are smaller, but substantial amounts (up to 40%) are
lostin services sectors and at the consumer léuelA. Faly et al., 2005)Godfray et al., 201(Parfitt

et al., 2010; Gustavsson et al., 2011; Hodges et al.,)2011

b2d Fff 2F GKS&asS t2aaSa IINB WHG2ARIofSQ 2N WL G S
Ffa2 AyOfdzZRS LI NI &S RAFO {LIN® RayORI SINJI yyARENRESED , MEINOHIZY & § |
Ly GKS 'YX my:2 2F GKS F22R ¢l adasS gra OflFaaifFASR
I 2 ARl 0f SQO2 ¥ R ParfitBtall, 2010 he review oParfitt et al.(2010)compared

recert data for industrialized countries (Austria, Netherlands, Turkey, UK, USA) that found food

wastes at the household level of 1300 kg food per household per ye@arfitt et al., 201Q)

A masdlow modelling study based on FAO commodity balances that covered the whole food supply
chain (FSC) but excluded redible fractions found pecapita food loss values ranging from 120

170 kg/caplyr in Subsaharan Afritta280-300 kg/cap/yr in Europe and Norhmerica(J Gustavsson

et al., 2011) Calculated losses ranged from 20% in Subsaharan Africa to >30% idusteiatized

regions. The study authors highlight that their results include substantial uncertainties and call for
more research to close data gaps.
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Most of these studies suggest a range of measures to reduce wastes throughout the FSC, including

investmens into harvesting, processing and storage technologies primarily in the developing
countries as well as awareness raising, taxation or rettor measures targeted at reduction of
retail and consumerelated losses primarily in the developed countridswever, none of the
reviewed studies presents detailed, comprehensive botigorestimates of saving potentials,
although the potential are likely quite substant{fdeay et al., 2012§5lobal fooerelated GHG

SYAAAA2YE AY

H N pknt G ya @S yHUoNBAZA YISNR S & Adxalan& R
/ yr (E. Stehfest et al., 2009) one assumes that 25% of the produced food would be wasted in the

FSQJ Gustavsson et al., 20Hk)d a quarter respectively half of the wasted fommlld be saved
(Parfitt et al., 201Q)this would amount to a GHG saving potential on the order of-0.3685tCQeq
/ yr [Popp et al. paper in preparatign

Table 11.4 Summary of consumption-side mitigation options in the AFOLU sector

Change in diet

Reduced consumption of food derived from agricultural products with high
greenhouse gas emissions per unit product, e.g. livestock products

(E. Stehfest et al., 20Q09A.
Popp et al., 2019)Smih 2012
(Annika CarlsseKanyama and
Alejandro D Gonzalez, 2009)
(Alejandro D. Gonzalez et al.,
2011)

Reduced food loss|

Reduced losses in the food supply chain as well as in final consumption

(Godfray et al., 201Q)
Gustavsson et al., 2011)
(Hodges et al., 201 parfitt et
al., 2010)

Change
Consumption of
Wood Products

By changing habits to conserve wood arsing alternative and recycled fibers t
substitute for wood in various products, wood consumption could be reduceq
and then conserving existing carbon pools in the forest. Consumers can alsg
promote forest protection by buying wood products, if they arada from
"certified sustainable wood." Sustainable wood comes from the practice of
"sustainable forestry" which ensures that the rate of timber harvest does not
exceed the rate of timber growth.

[AUTHORS: References will be
added]

Substitution of
wood forcarbon
intensive products

By using forest products as substitutes for fossil fuels orneoewable
materials, emissions from fossil C sources can be displaced. The efficiency (¢
emissions displacement depends on the product, its lifecycle and the-foskil
based reference system that is substituted.

The obtained emission reductions per unit of biomass are generally higher if
harvested biomass can be used both for material and energy substitution; ar|
possibly even higher if it can be materially recyaedng its lifetime and only
finally used for energy.

(K. Pingoud et al., 2010)

Increased C stockg
in Wood Products

Carbon in wood and paper products remains sequestered and is emitted to
varying degrees depending on how products are made, used, and disposed.
Sequestration in products and uses can be increased by altered processing
methods, shifts in products used, ende durability, and landfill management.
Sequestration in forests and products can be maximized by coordinated
understanding of forest ecosystenand product utilization.

(Laturi et al., 2008)

Changes in dietsBottom-up studiesbased on LifeCycle Analysis methodsonsistently show much
lower GHG emissions for most plamdsed food than for animal products, with the exception of

vegdables grown in heated greenhouses or transported via airfreightCarlsso#Kanyama and A.D.

Gonzalez, 20097 his also holds for GHG emissions per unit of protein when ab@asad and plant
based protein supply is comparédlejandro D. Gonzalez et al., 201A)comparison of three meals
served in Sweden with similar caland protein content based on (1) soy, wheat, carrots and

apples, (2) pork, potatoes, green beans and oranges, and (3) beef, rice, cooked frozen vegetables

and tropical fruits revealed GHG emissions from 0.42 ke¢gfor the first option, 1.3 kgGéxq for

the second and 4.7 kgG&g for the third, i.e. a factor of >10 for nutritionally comparable méals
CarlssorKanyama and A.D. Gonzélez, 208@ich LCA studies have so far not consideredsionis
related to landuse change deriving from food production and consumptiora recent study aimed
at exploring the magnitude of lanetlated GHG emissions of footigt foregone C sequestration
potential of land required for food production in LifedByAnalysefl CA) of beef, lamb, calf, pork,
chicken and milk was found to be 25880% of the GHG emissions considered in conventional
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accounts. The lancelated GHG emissions depended on product and time horizoi1@80yr)
(Schmidinger and Elke Stehfest, 2012y Crelated GHG emissions are particularly high forfbee
produced in tropical regions if cattle production contributes to deforesta{i@nCederberg et al.,
2011) SucHindings underlinghe large importance of dietary choices for GHG emissions related
with food supply chaingReay et al., 2012)

Top-down modelling studies show that changes in future gliedn have a significant impact on GHG
emissions from food production. Using a coupled model system comprising the land use allocation
model MAgPIE and the dynamic global vegetation model LBNnfopp et al., 201@Hculate

ASOSNI t A0Syl NR2ZAY thaf considetsdalypapilatighigrokidghicilarald OSy I NJ 2

non-CQ emissions (CHand NO) would rise from 5.3 GtG@qg/yr in 1995 to 8.7 GtC&eglyr in
2055. If current dietary trends (increased consumptid animairelated food) were to continue,

emissions were projected to rise to 1833CQ-eq/yr 6 KAt S G(KS DI D SYAaarzya

livestock producti O Sy I NJeirated t6 beS3 GtCQ-eq/yr in 2055. A combination of

increased consumptioaf livestock productand implementation of technical mitigation measures
reduced emissions compared to theenario withincreased consumptioaf livestock productsbut
SYAaaAirzya Ay wHnpp 6SNB aldAff KGRI, ivketegs Ay
the emissions could be reduced to ZFCQ-eq/yrAyY Hnpp AYy | WNBRdzOSR Y
YAGATIGAZ2YQ AO0SYFNARA2d t2LJJ SG fd 02y Of dzZRSR
changes in consumption was substantially higher than th&tchnical GHG mitigation measures.

Stehfest et al(2009)discuss effects of cimges in diets on GHG emissions based on IMAGE model
runs; their study includes GOCH and NO. They estimate thdand-use relatedGHG emissions
(including C sequestration in ecosystem) rise to 32 GtGeq/yr (i.e.11.9 GtCQ-eq/yr) in the year
2050in a scenario largely based on Fpi©jectionsFAO, 2006)They investigate several other diets
(1) no ruminant meat here all ruminant meat is substited by proteins derived from plant products,
(2) no meat; all meat substituted by plant products (3) aaimal productg; all animal products,
AyOf dzZRAy3 S33a FYyR YAf]l a4dz0adGAddziSR o6& LX Iy
recommendations of the Harvard Medical Schothis diet implies reductions of animal product
intake in countries with rich distbut increases in countries with poor, protaieficient diets. Their
findings show a huge range of future emissiarith changes in diets resulting in GHG emissions
compared to businesasusual ranging from 366% (see Tablkl.5. Depending on scenaricCQ
contributed 4467% to the total emission reduction, £28-47% and BD 611%.Stehfest et al. also
analyzed the effects of the adoption/neadoption of dietary change had on abatement costs
required to reach a predefined GHG concentration target (@ CO2eq). They found that a global

iKS
lj
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I
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the reference case.
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Table 11.5 Food-supply chain related GHG mitigation potentials in 2050

Globd GHG reduction Sources
potential compared to
WodzaAySaa | a
[GtCQ-eqlyr]

Reduction oFSQosses and wastes| 0.76-1.5" Extrapolation from(J Gustavsson
et al.,, 2011pnd(E. Stehfest et
al., 2009); Popp et al (in prep.)

Switchii 2 Wy 2 NMzY }58° (E. Stehfest et al., 2009)

{6AGOK (2 I Wy2|64 (E. Stehfest et al., 2009)

Switch to a purely pladbased diet | 7.8 (E. Stehfest et al., 2009)

{6AGOK (2 I WKSI|43 (E. Stehfest et al., 2009)

Medical School)

Tvery uncertain estimate (see text); more studies needed
2 Original values are given in C-eq and were converted to CO2-eq by multiplication with 3.66667.

Demandside options related to wood and forestrglobal socioeconomic carbon stodkdong

lived productswere approximately2.3 GtC in 1900 and increased to 10.1 GtC in 2P8&capita C
stocks renained about constant at ~1.4%/ capta with a falling share of wood products (68% in
2008) and a rising share of plastics and bituniére rate ofCsequestered in socioeconomic stocks
increased from 17 ME/ yr in 1900 to a maximum of 188 MtGr in2007. The net amount of C
sequestered annually {i@flows minus C outflows of socioeconomic C stocks) inliwad wood
products in the last decades was variable and ranged froi®®BRItC/ yr (Christian Lauk et al.,
2012) If inflows would rise through increased use of ldivgd wood products, C sequestration in
wood-based products could be enhanced, thus contributing to GHG mitigation.

Analyses of the net G@missions over a 100 year lifetime of buildings showed that buildings
constructed with wood frames have lower emissions than buildings with steel and concrete frames
(L Gustavsson et al., 2008he analysis included changes in C stocks in forests and buildings as well
as fossifuel inputs of construction. Construction of buildings with a larger share of wood instead of
more energy and emissiongntensive materials such as steel and concigt&ustavsson and

Sathre, 2011)educes GHG emissions and sequesters C in the buildings. The largest part of the
emissions reductions stems from use of the logging and wood manufactypeolycts resulting

from increased wood use to replace fossil fuels.

A scenario analysis with an integrated modelling framework showed that construction of one million
flats per yar in the next 23 years would reduce GHG emissions in tH&7Hly 0.20.5%(Erikson et

al., 2012) A study for the U8Jpton et al., 2008also found substantial GHG benefits of substituting
concrete or steel frames with wood; howey this study warned that the results were quite

sensitive to assumptions on the alternative use of land (e.g., for C sequestration) not required for
g22R LINRPRdAzOGAZ2Y AT O2yONBGS 2tk & 0 6SMisEB8B ) d¢za SR
2012)confirmed that buildings with wood frames have lower GHG emissionsthiwese with

concrete frames under current conditions, but if stringent GHG reduction policies are implemented
in the energy sector, the advantage of wood as construction material is reduced or even non
existent, except if the wood wastes resulting from dsishion of the building after its 100 year

lifetime are burned with CCS. Hen{dassén et al., 2012)uestion whether promotion of wood as
construction material is an efficient strategy to reduce GHG emissions in the construction sector.
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11.3.3 Mitigation effectiveness (normpermanence: saturation, humaand natural

impacts displacanent)
Since soil and vegetation carbon sequestration forms a lage proportion of the mitigation potential in
the AFOLU sector, this section considers the factors affecting the mitigation effectiveness of carbon
sequestration compared to avoided GHG emission

Nonpermanence / reversibilityfReversals are the release of previously sequestered carbon, which
negates some or all of the benefits from previous years. This issue is sometimes referred to as

G LIS NIV | {Seith@tSak, 2005)while other types (e.g., forestry, agricultural soil C) have an
inherent risk of future reversals oéquestered C that must be mitigated through some mechanism
(e.g. buffer pool, insurance) to compensate for reversals that occur. Most activities that reverse
carbon sequestration are relatively easy to track visually: a ploughed field with residogedithe
removal of trees etcTherearerelatively few data onhow much carbon is lost when reversals occur.
Certain types of mitigation activites (e.g. avoidet from fertilizer, emission reductions from

changed diet patterns or reduced foaxdhain lossesare effectively permanent since the emissions,
once avoided, cannot be femitted. Unintentional reversals are usually caused by natural events.
The naturakvents that affect yields (e.frost damage, pest infestation) will affect the annual
increment ofC sequestration oN,O flux, but the resulting change is not a reversal. With respect to
Fyydz-f ONRBLAI 6AftRTANB g2dAd R 2yfe | FFSOUG GKS
organic soil layer. However, wildfire in systems with tree oublarops or windbreaks could see
substantial loss of aboveground stored carbon. The permanence of a soil carbon sink is defined as
the longevity of the sink, i.e. how long it continues to remove carbon from the atmosphere. The
permanence of the soil carbastock relates to the longevity of the stock, i.e. how long the increased
carbon stock remains in the soil or vegetation, and is linked to consideration of the reversibility of
the increased carbon stogsmith et al., 2005)

Saturation Avoided emissions can continue in perpetuity but carbon sequestered in soils or
vegetation cannot continue indefinitely. The carbon stored in trees and vegetatamhes a new
equilibrium (as the trees mature or as the soil carlstock sturates). As the soils / vegetation
approach the new equilibrium, the annual removal (sometimes referred to as the sink strength)
decreases until it becomes zero at equilibrium sTrocess is called saturati¢@mith, 2005
(Kdrner, 2006, 2009)

Human and natural impacts$oil and vegetation carbon sinks can be impacted upon by direct human
induced, indirect human induced and natural cha(@mith, 2005). Diet human induced changes

are deliberate management practices, designed to influence the land. All of the mitigation practices
dicussed in section 11.3.1 are direct human induced changes. Sinks can also be affected by natural
changes, for example, carbon stocks could be affecteditoyef changes in climate. Between the

direct humaninduced changes and the natural changes are indirect huimdunced. These changes

can impact carbon sinks and are induced by human activity, but are not directly related to
management of that piece of landn example being atmospheric nitrogen deposition. Natural
changes that threaten to impact the efficacy of mitigation measiare discussed in seati@1.5

Displacement / leakagdf reducing emissions in one place leads to increased emissions elsewhere
the emissions no net resuction in emissions occurs; the emissions are simply digpl&astner, M
Kastner, et al., 2011; T Kastner, Ikdeinz Erb, et al., 2011isplacement / leakage can occur within

or across national boundaries. Trade statistic give information on net imports and exports of
agricultural products and timber (and other forest products) and can be used as a proxg$ible
emission displacement. Indirect land use change (iLUC) is an important compoment to consider for
displaced emissions, and can be considerébléSearchinger et al., 2008)he efficacy of mitigation
practices must consider the potential for displacement of emissions.
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11.4 Infrastructure and systemic perspectives

11.4.1 Land: a complex, integrated system
Climatechange mitigation activities in the AFOLU sector are embedded in the complex interrelations
between natural and socioeconomic factors that simultaneously affect patterns, processes and

dynamics of land systenfBL Turneretal.,200®) ! & LINBaSyds> Y2NB GKIy KIFEF

usedc more or less intensively for human purposes; less than one quarteris&@la A TA SR | a
(Ellis et al., 2010§K-H. Erb et al., 2007 Approximately one quarter of global terrestrial net primary
LINE RdzOG A 2y A &huttdng, LSNRhiedNdkeboneSdReCXo |@n8e related losses in NPP or
harvested for human purposé€ki. Haberl et al., 2007Yhis and many other indicators demonstrate
the extent to which land systems are meanwhile dominated by human acti(itierisek et al.,

1997) Human domination of terrestrial ecosystems has been growing rapidly in the past centuries
(Ellis et al., 2010drivenby the ongoing population growth and go-ecological transition from
agrarian to industrial societfFischeiKowalski and H. Haberl, 200{l. Habd, FischeiKowalski, et

al., 2011XT Kastner et al., 20125uccess in influencing this trajectory critigalepends on

identifying points in space and time when this currently evolving trajectories may be more easily
influenced(FischeKowalski, 2011; WBGU, 201ih) global esource use patterns are increasingly
affecting competition for land and hence feedbaakshe land system (see Figure L(®ark

Harvey andsarah Pilgrim, 2011)

Increased
and
changing
food

Biomass for
energy and
materials

Figure 11.5 Interactions and feedbacks affecting land demand as global resource flows are changing.
Source: (Mark Harvey and Sarah Pilgrim, 2011)

Due to the character of land systems as coupled sec@ogical (or humaenvironment) systems,

most GHG mitigation activities in the AFOLU sector affect land use and/or land cover and therefore
both socioeconomic as well as ecological aspects of land sygien\adlener et al., 2006(H. Lotze
Campen et al., 201@)often several at the same time. Such feedbacks may include impacts on food
provision andood security, agricultural labour, livelihoods or other crucial socioeconomic factors
just as well as important ecological aspects such as biodiversity, ecosystem functions and services,
water systemg; and also changes in sources and sinks of GH& QEON,O, etc.) beyond a

YSIF adzNBQa Ayl S BRSSHamadlinger ebal, y®A A (i &

Human societies critically depend on the continuous delivery of ecosystem s{Daiéy et al.,

2009 (Power, 2010yvhich include not aly provisioning services such as the provision of food, fibre
or bioenergy production, but also vital regulating, supporting and cultural services such as climate
regulation, carbon sequestration, water retention, pollination, recreation, etc.. In masgsc#here

are tradeoffs and synergies between different services. For example, maximization of provisioning
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services (e.g. food production) may result in losses of other services such as climate regulation or
water retention(MEA, 2005)AFOLU mitigation options may simultaneously affect several
ecosystem services, positively or negatively (¢@hum et al., 2011)

Hence, successful implementation of mitigation measures in AFOLU hinges on the ability to
anticipate systemic feedbacks in order to exploit synexgieduce detrimental sideffects and
optimize tradeoffs between different social goalR. Madlener et al., 20068Fonsidering feedbacks,
synergies and tradeffs renders the implementation of AFOLU mitigation options a complex,
multiple-objective optimization exercise along social/institutional, economic and envieoral

goals. Social issues includes the clarification of the relevant social actors and their relationships,
social processes, social values (e.g. equity of participation) and social capital in terms of capacities
and skill§(M.K. Macauley and R.A. Sedjo, 2Q{llaitner et al., 20000bjectives defined in the

social / economic / ecological dimensions may be in line with each other, neutral, or diametrically
opposed, depending on the respective situatif Madlener et al.,@6) Climate change

mitigation in the AFOLU sector therefore faces a complex set of interrelated challenges:

w GHG reduction measures need to be evaluated in terms of their full GHG impacts, including
GK2aS NBadzZ GAy3a FNRBY FSn8iRa landupeichange affgdisoMNE O (i
bioenergy(Timothy Searchinger et al., 2008)

w Leakage has to be avoided, i.e. it mustdseertained that emissions are not merely shifted
from one region to another.

w GHG reduction must not jeopardize critical functions of land systems such as livelitioods
poor populations, provision of sufficient food and the maintenance of healthy ecosystems
and biodiversity.

w Mitigation activities in AFOLU need to be based on sustainable land management aiming to
maximize synergies and to minimize traolis, i.e. theyface a multidimensional
optimization problem involving social, economic and ecological criteria.

Compliance with these socioeconomic and ecological criteria needs to be judged at different spatial
scales, because many of these phenomena are stEgendant and processes may proceed with
different speed, or perhaps even move in different directions, at different scales.

11.4.2 Competition for land and water

In recent yeardand-use change has been recognized as a pervasive driver of global environmental
changeassociated with a multitude ofpositive and negativeeffects(d A. Foley et al., 2005;
Jonathan A. Foley et al., 201Land is used for a variety of purposes, including housing and
infrastructure, production of goods and services through agriculture and forestry and absorption or
deposition of wastes and emissio(Bunlap andCatton, Jr., 2002Agriculture and forestry are
important for rural livelihoods and employme(€oelho et al., 2012Priven by economic and
population growth, changing consumption patterns and increased demand for biggnée
competition for scarce land and water resources is expected to intefisi§mith et al., 2010)

(Jeremy Woods et al., 2010)

Mitigation activities in the AFOLU sectman reduce climate forcing in different ways:
w Reductions ifCH or N,O emissions from cropping and animal husbandry systems.

w Reductions oflirect (e.g. tractors) or indirect (e.g. production of fertilizers) emissions
resulting from fossil energy use igréculture or forestryor from production of inputs

w Reductions of carbon losses from biota and soils, e.g. through management changes within
the same lanelsetype (e.g. switch from tillage to ntll cropping, removal of factors such
as N or P deficiendpat limit soil carbof or through reductions in the loss of carbanh
ecosystems, e.g. reduced deforestation.
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w Enhancement of carbon sequestration in biota and soils through increases in the area of
carbonrich ecosystems such as foregafforestation,reforestation) or through increased
carbon storage per unit area, e.g. increased stocking density in forests.

w Changes in albedo that increase reflection of visible light.

w Provision of bioenergwith low GHG emissiortbat can replacéigh-GHG energy (e.gpssil
fuels) in the energy, industry and transposectors, thereby reducing their GHG emissions.

Most of these mitigation activities can result from (1) changes in land management praxatites
technology (2) changes in the consumption of labdsed esources (e.gdiets) both of which may
be stimulated by thgovernance of natural resourcesch asectoral policie®r tenure regulation.
In other words, one may discern demasidle and supphgide measurewith considerably different
potential for feedacks such as synergies and traufts.

LIVESTOCK PROCESSING

Food

Food vegetable
industry

animal

Cropland
Monogastrics
pigs
fallows poultry

Bio-
Grazing energy
land Ruminants
= | cattle, sheep,
goats, etc.

SNOISSING O9HD

Forestry

Other )
industries Materials
Unused
- natural
- regenerating

~— Crops and residues

*» Grazing and hay
— Forestry products
~— Meat, milk, eggs
— Final products
—» Recycling

Figure 11.6 Global land use and biomass flows from the cradle to the grave. Concept graph
developed based on (H. Haberl et al., 2007, 2010; K.-H. Erb et al., 2007; F. Krausmann et al., 2008)
(H. Haberl, K.-H. Erb, et al., 2011; K.-H. Erb et al., 2012).

Figurell.6demonstratesvhy these synergies and tradsfs are different for dematt-side and
supplyside measures. Demargide measures save GHG emissions through two mechanisms (i) by
reducing the use of inputs required during production (e.g, f@Hn enteric fermentation, BO from
fertilizers or C@from tractor fuels) and (ii) by oicing land demand, i.e. making areas available for
other uses, e.g. afforestation or biofuels, or allowing adoption of less intensive cultivation
technologies such as organic agricult(e Stehfest et al., 20Q9K-H. Erb et a] 2012)(KartHeinz

Erb et al., 2012h)A. Popp et al., 2010Jhat is, their ecological feedbacks are gefigraeneficial,

as they reduce pressure on the land system in terms of competition for land and other resources
such as waterHealth impacts are also deemed positive, as the studies considered here generally
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assume a switch to healthier diets (see sectidm.3).A study for Europe based on an
environmentally extended inpubutput model confirmed that dietary change can have beneficial
effects on GHG emissions. Dietary switches towards healthier food tended to result in lower
consumer spendings on foodHG reductions prevailed even when rebound effects (increased
consumption of other products resulting expenditure savings) were considérgdker et al., 2011)

This is different for supplgide measures, as someaot all¢ of them may intensify competition for
land and other resources. Based on Figlitésone may distinguish several cases:

w Optimization of biomassflow cascadeshrough use of residues and 4pyoducts, recycling
and energetic use of wastéslelmut Haberl and Geissler, 200 elmut Haberl et al.,
2003) (WBGU, 2009)As such measures increase the efficiency of resource use, they will be
generally positive, but there may be tte-offs as wellFor example, using crop residues for
bioenergy or roughage suppiyay leavdess C in the cropland ecosystem and may have
detrimental effects on soil quality or C bakte of the croplande.g. seeBlanceCanqui and
Lal, 200%and(Ceschia et al., 2010)

w Landsparing measuresuch as increases in yields in cropla@@snifer A. Burney et al.,
2010) (D. Tilmaret al., 2011)grazing land or forestry or increases in the efficiency of
biomass conversion processes such as livestock fe€Biamfeld et al., 2010§Thornton
and Herrero, 2010)These measures also reduce competition for land, but there may be
trade-offs with other ecological, social and economic cAASTD, 200 at need to, and
can at least to some extent, be mitigatéd. Tilman et al., 2011Moreover, increases in
yields may increase consumption that result in rebound eff@€ts. Lambin and Meyfroidt,
2011) (KartHeinz Erb, 2012)

w Landdemanding measurethat harness the production potential of the land for either C
sequestration, maintenance of C stocks, or productionemfichted energy crops. These
options result in competition for land (and sometimes also other resources such as water)
that may have substantial social, economic and ecological effects (positive or negative) that
need to be managed sustainalfighum et al., 2011jCoelho et al., 2012jWBGU, 2009)
(UNEP, 20098uch measures may result in pressures on forests and GHG emissions related
to iLUC and dLUC, either directly or indirectly, contribute to price increases of agricultural
products or negatively affect livelihoods of poor people that need to be balancedsagain
possible positive effects such as GHG reduction or job cre@@ibnm et al., 2011JCoelho
et al., 2012)

w Competing uses of biomassch as the use of grains for food, feed and as feedstock for
biofuels, or the use of wood residues for chipboards, paper and bioenergy, may also result in
increased land demand with the abowgentioned effects.

Therefore an integratedenergy/agriculture/laad-useapproach fomitigation in AFOLUas to be
implementedin order to optimize synergies and mitigategative effectéA. Popp, H. LotzEampen,
et al., 2011)(Creutzig et al., 2012jP. Smith, 2011)

11.4.3 Feedbacks of additional land demand

In 2004, the area occupied by dedicated bioenergy crops and-sdaucts was only{t% of global
cropped area worldwid€¢lEA 2006(P. Smith, 2011)n 2050, energy crops might occupy-2.9M

km? (9-65% of current cropland which amounts to 15.2 mio2kihambitious bioenergy strategies

are pursuedCoelho et al., 2012{H. Haberl et al., 2010Hence, policies for climate change

mitigation may increase the pressure on the land system, not only due to bioenergy, but also when
afforestation and avoided deforestation claim land or at least restrict farmlandrestpa

(Murtaughand Schlax, 200@nd (Wackernagel et al., 1999A. Popp, J.P. Dietrich, et al. 120
Feedbacks such &HG emissions from land expansion or agricultural intensificatigher prices

of agricultural products, reduced food consumption, displacement of food production to other
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regions and consequent land clearing and higher yieldsaaf cropsmay result(RJ Plevin et al.,
2010) (TD Searchinger, 201@Havlik et al., 2011jAlexander Popp et al., 2012Marshall Wise et
al., 2009)

Additional land demand for GHG mitigation affects the availability of land for other purposes and
affects the GHG balance of ecosystems. Land use changeeftdd®)on the GHG balance of
bioenergy can be low dryeneficialif energy crops such as pereahgrasses or shorbtation

coppice are used that build up soil carbon sto@kavid Tilman et al., 200§R. J. Harper et al.,

2009) (Stanley J. Sochacki et al., 2QiRdlegraded or lowcarbon land is converted to energy crops
(H.K. Gibbs et al., 200&pterner and Fritsche, 2014) afforegation and reforestation takes place
Most secondgeneration energy crops build up carbon stocks while delivering bioenergy when
planted on land previously used to grow food cr¢@serubini et al., 2009However, LUtelated

GHG emissions maysosubstantially surpass those ofsfil fuels for decades or even centuries if
carbonrich ecosystems such as wetlands or forests are converted to energy crop plantaitbes
directly if the energy crops replace C rich vegetation, or indirectly if they replace food crops that in
turn are grown somewhere else and thereby cause C(ldg§. Gibbs et al., 2008UNEP, 2009)

(Chum et al., 201155HG emissions from LUC depend on future systemic feedbatvksdre

population numbers, diets, agricultural technology, livestock feeding efficiency, climate impacts, as
well as on bioenergy production levg{Shum et al., 2011Forexample,(RJ Plevin et al., 2010)
adzaasSad | WL | -cdatdd SHS enisdidnsfd 8S carit etharjol/e122 gCQeq/ MJ
(gasoline 94100 gCO2%q/a W0 @ |  ONR G A OF f FIOQR2NIIZA 38 QISKIS GUKRSA SFLNEK
energy crop plantation area that is replaced by crop production somewhergRrIsElevin et al.,

2010) A recent study suggests theRUC emissions alone (without any procekan emissions)

reach or surpass 100@02eq/ MJ at displacement factors of approximately 50% for cropland
grown biofuels derived from jatropha, rape, wheat or c@@terner and Fritsche, 201 Higher

dietary requirements, lower agricultural yields and livestock feeding efficiencies, stronger climate
impacts and lgher energy crop pradttion levels result in highérUCGrelated GHG emissions and

vice versgdChum et al., 2011A clear message from recent integrated assessment wdririse

that avoidance of deforestation is a critical factor to ensure low-télgted GHG emissions of
bioenergy deploymentHavlik et al., 2011jAlexander Popp et al., 2012ZA. Popp, J.P. Dietrich, et

al., 2011) (Marshall Wise et al., 200@M Melillo et al., 2009)

However, restrictions of agricultural expansion resulting from avoided deforestation, expansion of
energy crop areas, afforestation and reforestation are expected to increase food angrfeesl and
costs of agricultural productiotntegrated assessments of land use based mitigation options
indicate that conserving natural vegetation with high carbon content (such as tropical forests)
increase food prices by a factor of 1.75 until 2100 thukmitations of land available for cropland
expansiongven in the absence efdditionalenergy crogoroduction(M. Wise et al., 2009)mpacts
on food pricesncrease strongly if large scale bioenergy deployment is combined with forest
conservation regimes.dgional aggregated food price iicds i.e. the average of all crop and
livestock products weighted wittineir average share in total food demarare foecast to risemost
prominentlyin Africa(+82%),Latin Americg+73%)and Pacific Asi&+52%) unti2100 compared tca
reference scenariwithout forest conservation and bioener@i. Popp, J.P. Dietrich, et al., 2011)

If more land is to be takeout of food and feed production, intensity on the remaining land has to

be increased imrder to raise yield4A. Popp, J.P. Dietrich, et al., 20tigwed that reducig the

land available for agricultural use due to forest conservation can partially be compensated through
higher agricultural yield increases. While increases in yields achieved through agricultural innovation
can help to save land, thereby reducing cortiien for land and alleviating environmental pressures

(P. Smith et al., 2010; J.A. Burneylket 2010) agricultural intensification incurs economic co@ts
LotzeCampen et al., 201@nd may also create a host of social and envitental problems such as
nutrient leaching, soil degradation, toxic effects of pesticides and many (WS TD, 2009)

Maintaining yield growth while reducing negative environmental effects of agricultural
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intensification is therefore a central challen@f®. DeFries and Rosenzweig, 20B@}th increased
land-use intensity and land expansion into new areas may entail higher greenhouse gas emissions
from the agricultural sector and result in increased water use for irrigqt®ASTD, 2009Negative
impacts such as increases in flows of reactive nitrogen can be mitigated through a strategy of
technology dssemination to developing countries that focuses efforts of intensification in regions
with the highest yield gapd®. Tilman et al., 2011)

Largescale bioenergy production may affegater scarcity and quality, which are highly dependent
on particular crop need&erbensLeenes et al., 2009 many regions, additional irrigatiaf

energy cropwill further intensify existing pressures on water resources. Worldwide, agriculture
accounts for roughly @ of global freshwater uséKummu et al., 201@hiklomanov and Rodda,
2003) but in the future a growingmount of waterwill be needed for industrial and household uses.
(A. Popp, J.P. Dietrich, et al., 2Q1dpplying the integrated assessment model ReMIND/MAJ®PIE
assess the impact of land use based mitigation options (bioenergy deployment and forest
conservation) on regional water price indicég. changes in shadagwicesof irrigation water

relative toareference scenariwvithout land-based mitigation mesures. Largacale energy crop
cultivation alone increases the water price indexatin America by +21Q% the Former Soviet
Unionby +170%andin Pacific Asiy ¥130%in 2100.In this case, energy cregompetedirectly for
irrigation water with othe agriculturalactivities.If, in addition to bioenergyintact forests are
excluded from available lanfor future cropland expansionhadow prices of irrigation water rise
even more (460% in Latin America, 390% in-Safara Africa and 330% in PaciB@}j\because less
land is available for raifed agriculture, and energgrop cultivationresults inhigher
evapotranspiration, which redusavater availability in regions where water is alreadarce(A.

Popp, J.P. Dietrich, et al., 201 turn,(D.P. van Vuuren et al., 2008)licated that an exclusion of
sever water scarce areas for bioenergy production (mainly ttobedin the Middle East, parts of
Asia and western US#puld reduce global biaeergy potentials by 17 % until 208D.P. van Vuuren
et al., 2009)

Additional land demand may also put pressures on bedity, as landise change is one of the

most important drivers of biodiversity logSala et al., 2000).argescale bioenergy may therefore
negatively affect biodiversitgGroom et al., 2008)hichis a key prerequisite for the resilience of
ecosystems, i.e. faheir ability to adapt to changes such as climate change and to continue
delivering indispensible ecosystem services in the fu(daz et al., 2006fLandis et al., 2008)
Biodiversity conservation is therefore a necessity, in particular in the face of future climate change,
but exclusion of nature conservation ahijh biodiversity areas may reduce area and hence energy
potentials of energy crops by3% in 205@Erb et al., 2012 Detlef P. van Vuuren et al., 2009)

Changes in food demargwhich may be influenced through options such as reduced losses and
changes in dietg can significantly affect the strength of these feedbad&doption of diets richein
animal products has been shown to massively reduce the area available for energy crops, resulting
considerably higher energy crop potentials in scenarios with less rich diets and vicéH/atisderl,

K:-H. Erb, et al., 201 1jKartHeinz Erb et al., 20124. Stehfest et al., 2004fE. Stehfest et al.,
2009)also show that adoption of more vegetarian diets reduces the overall costs of achieving
certain climatechange mitigation targets due to synergies in the coupled land/energy/economy
systems.

An additional strategy to reduce trad#fs of increased land demand may be multifunctional use of

the land. If used appropriately, land can often generate more than one type of product or service

such as food, feed, energy or materials, the pobien of the soil, wastewater treatment, recreation,

or nature protectionct Yy 20 aSNIF GA2y dzadzZ tf& RSy20S@® | & aYdz
Groot, 2006)(R. DeFries and Rosenzweig, 20Appropriate land management based on multiple

use can alleviate tradeffs or even turn them into synergies and therefore enhance biomass

production while reducing environmental pressurgsparticular when combined with ecological

zoning approachegCoelho et al., 2012)
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11.4.4 Sustainable development and behavioural aspects

The dual relation between sustainable development and climate change was widely disicuigsed
AR4 as well as chapter 4 of theAR5(IPCC, 2007aJhis section focuses on the speciiation
betweenAFOLLlANd sustainable development as well as on the consideratidiibehavioural
aspects for a sustainable futur€hedevelopment contexin a given regioran be understood as
the dynamic relation between social and human framework, natural assets, st infrastructure
and technology, economic factors and institutal arrangement¢seetable 11.6).

Table 11.6 Issues related to AFOLU mitigation options and sustainable development

Dimensions Issues

Social and human | Population growth and migration, level of education, human capaeitistence and

framework forms of social organization, indigenous knowledge and cultural background, equit
and food security
Natural assets Availability of natural resources (land, forest, water, agricultural land, minerals, fau

etc), GHG balance, ecosystémegrity, biodiversity conservation, ecosystem service!
ecosystem productive capacity, climate change resilience and vulnerability

State of Availability of infrastructure and technology, technology development,
infrastructure and | appropriateress, acceptance
technology

Economic factors | Credit capacity, employment creation, income, wealth distribution/distribution
mechanisms, carbon finance

Institutional Land tenure and land use rights, participation and decision making mechanisms,
arrangements sectoraland crosssectoral policies

Based on (Pretty, 2008) (Sneddon et al., 2006a) (M.K. Macauley and R.A. Sedjo, 2011), (R. Madlener
et al., 2006),(Steinfeld et al., 2010)

The development contexdefines theenabling conditions and thudeterminesthe feasibilityof the
AFOLU mitigation optior(see kgurel11.7). For example the existence of local capacities is highly
relevant for implementing and monitoring the reduction of deforestat{bterold, 2009)On the
other hand, planning and implementing AFOLU mitigation options have an impact on the
development context; for example promoting agroforestry plantations can have an impact on
improving food security besides the carbon sequestration effidair et al., 2008(Calfapietra et al.,
2010) In developing and less developed countries this dual relation between AFOLU mitigation
options and the developmerdanbe considered when proposing measures aimed at achieving lo
term development goals as articulated for example in the Millennium Development Gaalew
AFOLU mitigation optiorte becomea means for sustainable development.

/ Development context

© €

L J

Figure 11.7 Dynamic relation between the development context and AFOLU mitigation options

Enabling conditions
i
Juawdo|aaap uo speduw|
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Table 11.7 Potential impacts of AFOLU mitigation options on sustainable development

Potential Sustainable Development Implications

Forestry

Bioenergy

Cropland managemeni)

Livestockand manurea)

Social and human framework

Recognition of the relevance of indigenous
knowledge in managing natural forest.

Protection of cultural habitat, especially in natural
forests

Increase capacities at the local level for conservin
and/or sustainable using fosé resources
According to the specific type of management car
promote or prevent from migration and
displacement of activities

Some type of plantations can secure basic needs
(e.g. building materials, firewood, heating material
etc)

Agroforestry as welks forest management
activities can have an impact on food security

Potential competition with food production/food
security. This may increase as population continu
to grow, except for bioenergy options derived fron|
residues, wastes or byroducts(energy demand vs.
food demand)

Impacts of setting up energy crop plantations on
small scale producers and/or agrastoralists need
to be understood in a case by case basis. These
be positive (e.g. promoting local organizations, jok
creation in rural agas) or negative (e.g. displacing
smaltscale producers, jeopardizing livelihoods of
agri-pastoralists)

Impacts on discrimination, displacement and/or
marginalization of local stakeholders along the val
chain need to be analyzed

Biofuel production can mmote an improvement on
local skills through capacity building

Impacts on traditional practices need to be analyz
according to the specific development context
Impacts on food security are uncertain as change;
productivity per ha can occur

Agroforedry seems to have a series of social posit
impacts including use of traditional knowledge an
improvements in food security

Impacts on small scale producers need to be
analyzed according to the development context
Impacts on discrimination, displacenteand/or
marginalization of local stakeholders along the val
chain need to be analyzed

Impacts on traditional practices need to be analyz
according to the specific development context
Impacts on food security are uncertain due to
behavioral aspectse(g. consumption/demand of
meat and other animal protein)as well as to chang
in productivity, especially in developing and less
developed countries per ha can occur

Equity issues are special relevant for pastoralist af
nomadic communities (e.g. in Afac

Impacts on smafcale producers need to be
analyzed according to the development context

Natural assets

Activities related to conservation and sustainable
forest management of natural forest as well as
agroforestryhave an impact on conserving
biodiversity and securing ecosystem services
including soil and watershed protection.

GHG emissions from forests for rural energy
(firewood) are high relevant in developing countrig
A link also to food security

Sustainable maagement of plantations and natural
forest is expected to prevent from degradation an
to keep or even increase resilience of communitie]
to climate change events.

Plantations, especially of extended monocultures
can have negative impacts on biodiversity
conservation and other ecosystem services,
including impacts on soil properties, water
availability.

Risk of leakage of GHG emissions due to
displacement of people or activities

Vulnerability of forest ecosystems to climate chan
needs to be better undetsod

Large scale monocultures have impacts on
biodiversity and soil quality as well as on
environmental services

Biofuels/bioenergy plantations can displace natur
ecosystems, including forests, causing leakages 4§
other environmental damages
Potential ncreases in GHG emissions due to dired
and indirect land use changes
Biofuels and vulnerability???

Sustainable practices, including tillage or organic
agriculture can have positive impacts on soil fertili
and other environmental services.

Water managment can have a positive impact on
the overall water cycle

Increasing productivity would have an impact on t|
area required for food security per region and
product

Large scale monocultures can have an impact on
ecosystem services including conservinggdhiersity
or soil quality; as well as on displacement of peop|
or activities.

Large scale agrimdustry needs to analyze
environmental impacts according to the
development context

Agriculture is highly vulnerable to climate change,
especially in develdpg and less developed
countries.

Changes in livestock management can have a
relevant impact on availability of land as well as o
fodder requirements (i.e. impacts on cropland
production and management)

Silvopastoral activities have an impact on
biodiversity, especially when replacing degraded
grassland

Impacts on environmental services depend on thg
specific management practice

Potential displacement of activities (GHG emissio
due to manure management need to be analyzed
especially in developing arelss developed
countries

Livestock management is highly vulnerable to
climate change, especially in developing and less
developed countries.
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S Production and availability of vegétaaterial that is| Availability of infrastructure in the same area whe| Availaility of infrastructure in the same area whel| Uncertainty on the acceptability of some livestock
% adequate under long term climate consideration i biofuels crops are produced can increase the agricultural crops are produced can increase the | management due to societal and cultural values
- O 3 key for any forest mitigation option development benefits development benefits Availability of infrastructure and technology for fod
© 50 There is still lack of knowledge on forest Lack of (access to) infrastructure can increase so{ Lack of (access to) infrastructure can increase so{ processing in devefing countries can increase thq
9 5 O | management strategies under future climate misbalance in some developing countries misbalance in some developing countries development impact
& > E scenarios Location of areas suitable for energy crop Availability of infrastructure and technaly for food | Feasibility of highech practices need to be checkg
n 5 8 New forestry systems need to be checked in term| plantations in nations with insufficient political processing in developing countries can increase t{ according to the development context
© + | of aceptability by local stakeholders before being| stability can reduce or prevent investments and, if development impact
= promoted as mitigation options effect, make these areas unavailable for energy c
'_ production.
Some activities are dependant of high investment] Provides new economic opportunities for farmers| Impacts on economic factors is highly related to | Impacts on economic factors highly related to
¥ advance and local economies. changes in productivity and to extend of cultivated changes in productivity
S Conservation ath sustainable forest management | May contribute to the increase of the price of area Distribution of economic benefits are closely relat
Q | activities can create additional income through no| feedstock usedor food and feed. Certification processes camcrease competitivenesy to the place where processing of livestock produc
8 timber forest products (NTFP) and/or through May promote concentration of income and increaq of sustainable cropland management takes place
.Q | Payment for Ecosystem Services (PES) poverty Distribution of economic benefits are closely relatd Feasibility depends on investment in advance
E | There is a lot of debate on the minimum carbon Feasibility depends on investment in advance to the place where processing of agricultural
8 price required per forest mitigation acttyifor products takes place
8 promoting sustainable development in different Feasibility depends on investment in advance
L | regions
Employment creation (when less intense land us€
replaced)
- Clarification of land tenure and use rights is key in all AFOLU mitigation options, impacts can be positive or negaalestakeholders
g % Harmonization/Conflict with customary rights
o c Increase/decrease in participation of local stakeholders inmfag) implementing and monitoring forest mitigation options
S © | Crosssectoral coordination at the level of policies and land use planning is key, including forestry, agriculture, energyrand mini
= O | Mechanisms for sharing benefits and liabilities need to beifiéd with all relevant stakeholders at various levels (including local, provincial/departmental and national)
8 % There is a need to create incentives for AFOLU mitigation options in land use policies, including forestry agricultyrandmanging
— Goverrance issues in rural areas are highly relevant for realizing the mitigation potential in the AFOLU sector, espeaialgpingland less developed contries

Notes: a) There is less (reported/validated) experience with livestock and manure management and cropland management as AFOLU mitigation option in developing
countries, especially in less developed countries. This can be as a consequence of the fact that these activities are not widely included in existing carbon markets

0

Sources: (Trabucco et al., 2008), (Steinfeld et al., 2010)(P Gerber et al., 2010)(Sikor et al., 2010)(Rosemary, 2011)(Pettenella and Brotto, 2011) (Gasparatos et al.,
2011a)(Corbera and Schroeder, 2011a)(Carol J. Pierce, 2011a)(Blom et al., 2010)(Halsnees and Verhagen, 2007)(AM Larson, 2011)(Batjes, 2011)(AJ Van Bodegom et al.,
2009)(Thompson et al., 2011)(Graham-Rowe, 2011)(J. Fargione et al., 2008)(Helmut Haberl et al., 2004)(Godfray et al., 2010)(J Foley et al., 2009a)(Halsnaes,
1996)(Reinhard Madlener et al., 2006)(Brooks et al., 2009)(Josep G Canadell and Michael R. Raupach, 2008)(Pretty, 2008)(Sneddon et al., 2006b)(Molly K. Macauley and
Roger A. Sedjo, 2011)(Timothy Searchinger et al., 2008).
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Table 11.7 summarizes the findings on potential impac&FDLU mitigation options and the
development contextFuture interactions betweeAFOLU mitigation optiorendthe development
context underthe transformation pathways ardiscussed in subsectidri.10.

Understanding the links between sustainable development and AFOLU mitigation options needs to
go beyond the implications on these five categories. Considerations of the temporal and spatial
sales of the implementation of AFOLU mitigation options, and on human behavior and behavioral
change, need to be included tobhese dimensions need to be considered when making decisions
on how to balance development goals with mitigation goals in differegions.

The scale of the implementation of an AFOLU mitigation option is highly relevant for understanding
its impact on sustainable developmeiithe scale of the intervention includes the geographical size
(i.e.ared), as well as the size of interamtis among social groups and between human and natural
systemgTrabucco et al., 2008)Reinhard Madlener et al., 200@retty, 2008). These interactions

tend to become more complex the bigger the scale useg.S O y Joblebgaiefh F¥ES & @GRl G
goes from individuals to the global scale. Intermediate scales would be e.g. familyhborhoodg
community¢ villageg province ¢ country ¢ regiong global. Impacts on sustainable development are
different along this scaline. For example, of bituels has been identified as one interesting option

for substituting fossil fuels as a global scale (see section 11.3). Howewelevelopment impacts of
bio-fuel plantations on a specific region, including larsg competitionwater and soil pollutn, air
emissionsfood securitylaborconditions or socialesponsibilityof biofuels producers can bring
negative impacts at theilage or community levelgallardo and A Bond, 201(lves Finco and
Doppler, 2010a)Not adequately implemented the larggeale expansin of many of the AFOLU
optionsmay exacerbate social and environmerdat sociaproblems Thus considering the impacts

of AFOLU mitigation options at various scales seems relevant for understanding the implications for
sustainable development.

The discussion regarding the tirframein the context of AFOLU and sustainabéyelopment

brings some systemic challengemderstanding development concerns for 20 years has a different
outcome than considering development 60 or 100years.Further the impact of AFOLU mitigation
options can be at different moments: e.g. while uethg deforestation has an immediate impact on
GHG emissiongjantations will have an increasing impact on theeQuestrationover time.In

section 11.10 we discuss the AFOLU mitigation options in different future scenarios and under
consideration of keynput parameters as e.g. population growth.

Finally the discussion on sustainable development needs to include behavioral aspects. Past and
current human decisions on land use have an influence on climate change. The type of use and
management given to eertain land depends upon cultural values, perceptions and priorities of
individuals, specific social groups (e.g. indigenous peoples or settlers) and(Statesvick, 2009)
(Gilg, 2009)Changes in behavioral patterns including type of food, food preparation and
consumption or energy consumption patterns can increase or decrease GHG emissions from land
use and have an ipact on resilience and adaptive capacity of nature and social gr@upg3opp et

al., 2010)

Qustainable management of agriculture, forests, and other land ge#bker natural or marmade,

such as plantationss essetial to achieving sustainable developmeiit do so, synergies among

the different uses need to be maximizethcluding the maximization of the mitigation effegthile
acknowledging and working to minimize tradés (World Bank, 2006)Adequately implemented,
forestry and agriculture mitigation options provide effective means to reduce poverty, create local
employment and economic opportunities, provide food, feed and energy, reduce deforestation, halt
the loss of foresbiodiversity, and reduce land and resource degradation, at the same time
contributing to climate change mitigatigiNabuurs et al., 2007Additional costs and human

capacities as well as the need for creating enabling conditions needs to be considered according the
specific development context in a given area.
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11.5 Climate change feedback and interaction with adaptation (includes
vulnerability)

Natural resources are increagily being recognizefdr their importancein mitigating climate

change. Reducing emissions from larsg& changes and enhancing the capacity of natural systems to
sequester and store carbon is considered a cost effective way to mitigate global climaggchan
(Eliasch, 2008 tern 2008(McKinsey and Company, 200%orld Bank 2010)At the same time

these natural systems can also play an important role in adapting to climate chaibgéféyng

against certain climate hazards asitiengthening resilience to climate variability and change
(Locatelli et al, 2008Mitigation and adaptation in natural ecosystems are closely interlinked
through a web of feedbacks, synergies and trade(é® section 11.8)

When reviewing the interlikages between climate change mitigation and adaptation within the
natural resource space the following issues need to be considered: (i) the impact of climate change
on the mitigation potential of a particular sector (e.g. forestry and agricultural sviés)time, (ii)
potential tradeoffs/synergies within a landse sector between mitigation and adaptation

objectives, and (iii) potential tradeffs across sectors between mitigation and adaptation objectives.
This discussion needs to be further placedhimitthe broader development context in recognition of
relevance of natural resources for many livelihoods and economies. This also implies that trade
offs/synergies associated with lafuse choices need to be considered across different scales in their
economic, social and environmental consequences.

11.5.1 Feedbacks between land usnd climate change

As an integral component of global carbon cycle, changes irus@adystems influence the carbon
loading of the atmosphere and the increasing carbon in the atmesphllso impacts the carbon

uptake efficacy of the landuse systerk®rests have been found to respond to rising atmospheric
CQUKNRIzZIK LIK2G2aeyidKSHA O SNAKAfyAd SHYUSAyRysE | AyaR Hi KyAS3 Ha
higher atmospheric C&oncentration However, it is also reported that terrestrial carbon storage
would decline with warming, due to effects like reduced growth and increases in stress and mortality
due to the combined impacts of climate change and clirdiieen changes in the dynamics of

forest insects and pathogens and this would vary greatly. For example Wamelink2€08),

projected an increase in biomass accumulation all over Europe, with the growth rate varying
between 0 and 100%Metsaranta et al., 2013yho designed 12 scenarios combining possible
changes in tree growth rates, decay rates, and area burned by wildfire, depending on tlagicce
projects the cumulative GHG balance to range fasink of 4.5 Gt C@e (67 tCQe/ ha) for the

most optimisticscenario, to a source of 4.5 Gt £@67 tCQe/ ha) for the most pessimistic over the
period 2010 to 2080(G.B. Bonan, 2008hows that the efficiency of the carbon cycle to store
anthropogenic C&n ocean and land is declining and is doing so at a greater extent than estimated
by models. It further suggests that carboycleclimatefeedbacks are projected to to increase
atmospheric Cgat the end of the 21st century by 4 to 44%, equivalent to an additional 20 to 224

ppm.

Climate feeebacks of forests ecosystems differ from each other depending on the location and

forest types. For example, tropical forests mitigate warming through evaporative cooling, but the

low albedo of boreal forests is a positive climate fordi@gB. Bonan, 2008peforestation in rig- to

KAIK fl1GAGdzZRSE A& KeLRGUKS&aAT SR (2 KI @S GKS LRGSy
processeg¢Bala et al., 2007; G.B. Bonan, 20@3veral studies show that there will be an expansion

of deciduous woodland@&Edwards et al., 2005; Peros et al., 2008)his context(Swann et al.,

2010) suggest that the expansion of deciduous forest has a positive feedback on regional climate

change. The study further suggests that vegetation changes create a positive feedback through

albedo and transpiration and produce a strong warming if they act in combination wititeea

processes.
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11.5.1.1 Exposure, Sensitivity and Vulnerabilities to Climatic Changes

In general, how forests, agriculture or other lansle systems will respond to climate clgg

depends on the exposure to climatic changes as well as the sensitivity of the ecosystem to these
changed [ 20F G St A SG It wnnyod +dzZ ySNIoAfAGE Aa RS
which a system is susceptible to or unable to cope waitherse effects of climate change, including

Of AYI (S @HeNat bl.o20I03udpésttimt the forested ecosystems of the world already

may be responding to climate changedamises concerns that forests may become increasingly

vulnerable to higher background tree mortality rates and-dlitin response to future warming,

droughts, forest fires and pest incidence. The study further suggests risks to ecosystem services,

includng the loss of sequestered forest carbon and associated atmospheric feedbacks.

Future climatic changes may increase the exposure to climate related hazards, such as the incidence
of droughts or fires in tropical forestesystems (see also section 1B)5Forest ecosystems may be
exposed to higher risks under the climate change scenarios, as an altitudinal and poleward
expansion and a lengthening of the growing season are expected for temperate and boreal forests
(Burrows et al., 2011). And the pace ohathtion may not catch up with the pace of climate change
(Zhu et al., 2011)

11.5.1.2 Compounding pressures

Furthermore, forests are subject to many other human influences, such as pollution, environmental
degradationandintroduction of invasive species. Thealuences may further compound
vulnerabilities to climat changes as wkas impacthe mitigation potential. For example, increased
groundlevel ozone and deposition could potentially affect future tree mortality rates and@@s
emissions under a chaimgy climate(Allen et al., 2010The degradation of natural resources not only
contributes to greenhouse gas emissions and constrains carbon sequestatigbC Nepstad et

al., 2008) it also undermines the ability of some systems to withstand change. There is evidence that
natural ecosystems characterized by highdirersity tend to be more resilient to change than
degraded ecosystems aranaged systems, characterized by low species diversity (Strassburger
2008, Leadley et al 2010).

11.5.1.3 Tippingpoints and ecological thresholds

Ecological thresholds and tipping points depend on the type of ecosystems, the level of change and
compounding presges it has exposed to. This has potential implications on the species composition
within an ecosystem as well as its capacity to sequester and store carbon.

Assessing a range of biodiversity scenarios for the 21st century and associated implications for
ecosystem ervices, Leadley et al. (2010) concluded that uncertainties for most terrestrial tipping
points are high, but crossing these thresholds may have severe consequences. The large
uncertainties in the assessment are explained by the complex interectif a wide range of global
change drivers. Diback of the Amazon rainforest is cited as one tipping point with large negative
impacts for the regional rainfall regime, biodiversity and global climate. Other studies express
concern withregardstospesia | yR S02aeaisSyaQ FoAfAdGe G2 NBaLRy
future climate changé€Gitay et al., 2002)Seppala et al. 2009%hu et al (2011) demonstrate that

climate change is expected to occur more rapidly than trees can adapt. The adaptive capacity of
many natural and human systems is likely to be exceeded with Igitibmatic changes of and above

4 °C with associated adverse consequences for biodiversity and ecosystem integrity, agricultural
productivity, food security and development (Schneider et al. 2007, Stern 2008). This may also imply
that mitigation options thmough natural systems may be diminished or no longer be available, as
ecological thresholds are crossed and ecosystem structure and functioning is altered. For example,
recent analysis suggests that the possibility of Amazon drying aruhdiemay previosly have

been underestimated (Philips et al. 2009).
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11.5.2 Implications of climate change on forest carbon sinks and mitigation potential
While maintaining and enhancing forest carbon stocks represent an important mitigation option to
date (Eliasch, 2008progressive climate change too poses a threat to the mitigation potential of
forests.Pervasive droughts, disturbances such asdire insect outbreaks, exacerbated by climate
extremes and climate change further put the mitigation benefits of the forests afSisktnam and
Betancourt, 1990; Kitzberger et al., 2001; B. Schlamadinger et al., 2007; IPCC, 2007b; J.G. Canadell
and M.R. Raupach, 2008; OL Phillips et al., 2009; Herawati 8adtbso, 2011)an Nieuwstadt et

al. 2005Brando et al., 2008, Moraal et al., 2011; Netherer et al., 2010; Evangelista et al., 2011)
Forest disturbances and climate extremes have associated carbon balance impli@dgilan<t al.,
2007; M Zhao and Running, 2010; Potter et al., 2@vidson et al., 201{Kurz et al., 2008Forest
disturbances affect roughly 100 million ha of forests annually (FRA 2005). On average, 1% of all
forests were reported to be significantly affected egear by forest fires alon@-RA, 2010)t is
estimated that fires aloa released approximately 0.6 Gtin 2008 GCP 2009)

Building on the AR4, the SREFXCC, 201rovides further evidence that climate change is already
affeding the exposure to a range of weather and climate extremes.These climatic changes interact
and are superimposed on natural climate variability and other environmental or human induced
disturbances, that already impact on foregkdirzaei et al., 2008)At the samdime, these

disturbance events, when their severity is enhanced due to climate change, can have increased
impacts on the regional carbon balance as \(étliney and Fleming, 2000; Logan et al., 2003; Shaw
et al., 2005; e.g., Chambers et al., 2007; Beach et al., 2009; Lindroth et al., 200@nRewhY ork,

2010; Seidl et al., 201{Kurz et al., 2008)

ArcidiaconeBéarsony (2011) suggest a possibility that the gmifion benefits from deforestation
reduction under REDD could be reversed due to increased fire events, and dhichated

feedbacks. While Gumperberger (2010) conclude thatprotection of forests under the forest
conservation (i.e REDD) programmesldoncrease carbon uptake in many tropical countries,

mainly due to Cé&Xertilization effects, even under climate change conditiqiavindranath et al.,

2017 too project an increase in forestry mitigation potential in India under the changed climate,
primarily due to Cé&fertilization, however this study does not consider the impact of increased fire
and pest occurrences and nutrient deficiency on the mitaqapotential. Carnicer et al (2011)

suggest that climate change is increasing severe drought events in the Northern Hemisphere, and
causing regional tree dieff events and global reduction of carbon sink efficiency of forests. Ma et al
(2012) provide th observational evidence of the weakening of the terrestrial carbon sinks in the
northern high latitude regions, based on observations from the {@ngn forest permanent

sampling plots in Alberta, Saskachetwan and Manitoba. Globally Bergengren et alf&fjédt 49%
2T 0KS 9FNIKQa fFyR &dz2NFIFOS INBI (2 dzyRSNH2 LI |y
terrestrial ecosystems to undergo biorseale changes by the end of the 21st century.

(Heimann and Réhistein, 2008kimulate the global terrestrial carbon uptake using 11 coupled
carboncycle;climate models driven with carbon emissions from the SREScenario. It suggests
that for some models, the terrestrial carbon cycle even becomes a substantiaksouatmospheric
CQ and thus strongly amplifies global climate changigre 11.8).
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Figure 11.8 Comparison of estimated global terrestrial carbon uptake in different models of the
carbon-cyclei climate system: (Source: (Heimann and Reichstein, 2008).

11.5.3 Implications ofclimate change on soil carbon including peat lands,
pastures/grasslands and rangelands

Wetlands, peatlands and pemfrost soils contain higher carbon densitiesriraineral soils, and

together they make up enormous stocks of carbon glo&hA. Davidson and Janssens, 2006g

soil organic carbon stocks in forests according t® 2810, was estimated to be 363@&. Hopkins

et al (2012) project accelerated soil organic carbon loss from forests with warming, losses are

estimated to be high especially in the younger soil carbon that is yteatecade old that comprises

of large faction of total soil carbon in forest soils globally. Accordingsthuur et al., 2008)he

thawing permafrost and the resulting microbial decomposition of previously frozen organic carbon

(C) is one of the most significant potential feedbacks from terrestrial ecosystems to the atmosphere

in a changing climate. €thawing of permafrost with warming occurs both gradually and

catastrophically, exposing organic carbon to microbial decomposititA. Davidson and Janssens,

2006) further caution that extrapolation of decomposition rates into a future warmer world based

on observations of current apparent temperature sensitivities is inadequate.

t SIGfFyRa O20SNJ FLIINREAYIGSte& o 2F (KSBO@EI NIKQa
2T OFNDb2Yy>X NRdzZAKf & 0S06SSy wn U2(Gemm 1WF) GKS 62 NI
Fenner et al., 2011). Thus peatlands represent a significant stock of carbon and play an important

role in the global carbon cyc{&track and Waddington, 200Peatlands can loseGthrough plant

respiration and aerobic peat decompositi@@lair et al., 2002)Although peatlands have long been

considered carbon sinks, however, with the onset of climate change, peatlands may become a

source of CO2 (Koehlet al., 2010). A study by Fenner et al (2011) projects the impact of climate

change on peatlands. The study suggests that climate change is expected to increase the frequency

FYR aS@OSNRAGE 2F RNRAZAKG Ay YI ye@ elpake far ke GHENI RQa L
emissions than thought previously. Climate change is projected to have a severe impact on the

peatlands in northern regions where most of the perennially frozen peatlands are {@Gandocai,

2006)

Grasslands, Pastures and Rangelands: Grassland as defined in IPCC Good Practice Guidance for
LULUCF covers abouteqgal NII SNJ 2 F (KS SIFNILIKQa fFyR &adz2NFIF OS o/
span a range of climate conditions from arid to humid. Carbon stocks in permanent grassland are
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influenced by human activities and natural disturbances, including harvesting of wandgds,
rangeland degradation, grazing, fires, and rehabilitation, pasture management, etc.

The potential impacts of climate change on pastures would be declines in pasture/grass productivity,
reduced foragejuality, livestock heat stress, greater problewith some pests and weeds, more
frequent droughts and intense rainfall events, and greater risks of soil erosion (Hennessy et al.
2007). The most important impacts of climate change on rangelands will likely be through changes in
both pasture productivityand forage quality. Climate change may also affect grazing systems by
altering species composition; for example, warming will favour tropical (C4) species over temperate
(C3) specieéSM Howden et al., 2008Projected increases in rainfall intensity (Tebaldi et al. 2006;
CSIRO 2007) are likely to increase the risks of soil erosion, leading to lossesrirst@cks from the
grassland and rangelands.

11.5.4 Potential adaptation measures to minimize the impact of climate change on
carbon stocks in forests
Forest adaptation practices aim to increase the resilience of natural systems such as forests to
possible changs in climate conditions where this is likely to be feasible and cost effective. For
example(Malhi et al., 2009¢xpect the climate of the Eastern Amazon to favour seasonal forests. In
order to minimize the risk of a shift towards fire dominated, lowmass, forest, the authors
highlight the importance of reducing compounding pressures, such as deforestation, degradation
and habitat fragmentation. Without such adaptive actiofdalhi et al., 2009ote the risk that a
tipping point may be crogsl beyond which rainforest in Eastern Amazonia may not be sustained.
Adaptation practice is basically a framework for managingréutlimate risks and offers the
potential of reducing future economic, social, and environmental costs (Murthy et al 2@té&}t F
ecosystems require the longer response time to adapt. For example a long gestation period is
involved in developing and implementing adaptation strategies in thest@ector(R. Leemans and
B. Eickhout, 2004; Ravindranath, 2Q0Mus there is a need to develop and implement adaptation
aUNI GS3IASad { 2YSs Ssddptetioli pfadticed dre ad f6IBwWdMdhY §f al., 2011)
anticipatory planting of species along latitude and altitude, assisted natural regeneration, mixed
species forestry, species mix adapted to different temperature tolerance regimes, fire protection
and management piaices,thinning, sanitation and other silvicultural practices, in situ and ex situ
conservation of genetic diversity, drought and pest resistance in commercial tree species, adoption
of sustainable forest management practices, increase Protected Aredmkriidem wherever
possible to promote migration of species, forests conservation and reduced forest fragmentation
enabling species migration and energy efficient fuelwood cooking devices to reduce pressure on
forests.

11.5.5 Potential adaptation measures to mimize the impact of climate change on

carbon stocks in agricultural soils
Organic carbon levels in soils depend heavily on management practices that affect the inputs as well
as removal of carbon, namely net primary production, quality of organic resicesdue
management (e.g. burning, incorporation), soil management (e.g. tillage) and livestock management
(KY Chan et al., 2008he main cause &bil organic arbon (SOC) loss in agricultural soils is due to
disturbance ofoils with tillagewhichresulisin increased decomposition ratékY Chan et al.,
2010)

(P. Smith et al., 2008¢viewed studies to estimate the average annual mitigation potential,
accounting for changes in emissions of all GHGs, of agricultural pragitbedly.(P. Smith and
Olesen, 2010further examined these measures, and identified a number of synergies between
measures that deliver climate migrationagriculture, and that also enhance resilience to fufutre
climate change, the most prominent of which was enhancement of soil carbon stocks.
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11.5.6 Mitigation and adaptation synergy and tradeoffs

Both mitigation and adaptation to climate change are essentialcamplementaryThe mitigation
potential itself may be affected by climate change and hence require adaptive responses. Mitigation
policies and measures may exhibit synergies and taftewith adaptation(Bates et al., 2008)
Examples which successfully conebforestbased adaptation with mitigation options include
ecosysterdbased adaptation policies and measures that conserve, (e.g., natural forests) and at the
same time provide significant climate change mitigation benefits by maintaining existing carbon
stocks andsequestration capacity, and by preventing future emissions from deforestation and forest
degradation; adaptation projects that prevent fires and prevent release of GHG and restore
degraded forest ecosystenadsoenhance carbon stocK€BD and GiZ, 201Many strategies and
practices developed to advance sustainable forest management (SFM) also help to achieve the
objectives of climatehange adaptation and mitigatiqdA Van Bodegom et al., 2009nilarly

forest and biodiversity conservation, protected area formation and mixed species forestiy base
afforestation are practices that can help to maintain or enhance carbon stocks, while also providing
adaptation options to reduce vulnerability of forest ecosystems to climate ch@Raeindranath,

2007) In the agriculture sctor aopland adaptation options that also contribute mitigation are:

soil management practices that reduce fertilizer use and increase crop diversification; promotion of
legumes in crop rotations; increasing biodiversity, &vailability of quality seds and integrated
crop/livestock systems; promotion of low enengsoduction systems; improving the control of
wildfires and avoidingpurning of crop residues; amtomoting efficient energy use by commercial
agriculture and agréndustries (FAO 2008, EA2009a).

11.6 Costs and potentials

This section deals with economic costs and ptitds within the AFOLU sector. Economic potentials

are distinguished from technical or market potentials (IPCC 2007, pp.35, 140; Smith et al. 2011).

Technical mitigation potenkti f & NBLINBa Sy d WTdzZ £t Q 0A2LIKEaAOFt Lk
estimates account for constraints and factors such as land availability and suitability (Smith et al.

2011) but not any associated costs (at least explicitly). By comparison, ecopotantial refers to

mitigation potential that could be realised at a given carbon price over a specific period assuming

GKFG WHEEQ 0A2LK@aAO0Ft O2yaidNIAyida 6SNB 20SND2YS
cultural (for example, lifestyle chotes) or institutional (for example, political, policy and

informational) barriers to practice or technology adoptiéinally, market potential is the realised

mitigation outcome under current or forecast market conditions encompassing biophysical,

economg, sociecultural and institutional barriers (for example, targeted policies) to technological

and/or practice adoption specific to a swiational, national or supraationalmarket for carbon.

Figure 11.9Smith 2012) provides a schematiew of the three types of mitigation potentials.

Economic (as well as market) potentials tend to be conggecific and are likely to vary across

spatial and temporal scales. Unless otherwise stated, in rest of this section, economic potentials are
expressed in milliotonnes (Mt) of GHG mitigation (reduction or sequestration) that can arise from

an individual mitigation measure or from an AFOLUsedttor at a given cost per tonne of carbon
RAZEARS SljdA Gt Syld 20SNI I 3A GBSy rrédSoNdng basein@oru no n
reference case levels.
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(e.g. land availability,
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Figure 11.9 Relationship between technical, economic and market potential (after Smith, 2012)

11.6.1 Approaches to estimatinggconomicmitigation potential

Bottom-up and topdown modellingapproaches are used to estimate AFOLU mitigation potentials
and costs. While both approaches provide useful estimates for mitigation costs and potentials,
comparing bottorup and topdown estimates is not straightforward.

Bottom-up estimates are typicallderived for discrete abatement options in agriculture at specific
location or time, and are often based on detailed technological, engineering and process information
and data on individual technologies (for exampISEPA 200described ifDeAngelo et al., 2006)

These studies provide estimates of how much technical potential of particular agricultural mitigation
options will become economically viable at certain carlgioxideequivalent prices. Bottorup

mitigation responses are typically restricted to input management (for example, changing practices
with fertiliser application and livestock feeding) and mitigation costs estimates are considered
WL NI A F £ Q SAjyAzA G R 10 (INR Bt ut piBels Gudl| synietinfes/ dueniities such as
acreage or production levels) are held fixed. As such, unless adjusted for potential overlaps and
trade-offs across individual mitigation options, adding up various individstahates to arrive at an
aggregate for a particular landscape or at a particular point in time could be misleading.

With a 'systems' approach, tegpown models typically take into account possible interactions

between individual mitigation options. These deds can be sectoral or economyde, and can vary
across geographical scatesub-national, national, regional and global. Fdpwn mitigation

responses may include a broad range of management responses and practice changes (for example,
moving from croppig to grazing or grazing to plantation) as well as changes in-oyiptt prices

(for example, land and commodity prices). Such models can be used to assess the cost
competitiveness of various mitigation options and its implications across-myipuut markets,

sectors, and regions over time for largeale domestic or global adoption of mitigation strategies.

As such, the bottorup estimates of mitigation potential for agricultural greenhouse gas emissions
have enabled the toglown modelling of agricultal abatement in simulating lorgrm climate
stabilisation scenario pathwayth suchatop-down modeling exercise, a dynamic ceffiective
portfolio of abatement strategies are identified incorporating the lowest cost combination of
mitigation strategis over time from across sectors, including agricultural and otherheased

sectors, across the world that achieve the climate stabilisation tg§¢t. Rose et al., 2011)

In this context, it is important to recognise a somewhat subtle but important distinction (at least
02y OSLlidzr tt80 0SU6SSYy YAGAILIGA2Yy Wioaldltfed Q OdzNBS
A

3
AFOLU sector. Both relate to carbon prides. Wa dzLJLX 8 Q OdzNBS 2F GKS LI NI AO
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specific point in time is represented by a marginal abatement cost curve (MACC), which provides a
schedule for GHG mitigation potential from arficular mitigation option under a range of carbon

prices, all other things being unchanged. In other words, MACCs are based on a set of specific
assumptions regarding inpututput attributes and prices and, hence, tend to change their shapes

and positiors with changing policy settings, inpotitput prices and/or (actual or expected)

opportunities for other mitigation optiond. OO2 NRAy 3f € 3X @I NA2dza Y2RSta oA
optimization, computable general equilibrium (CGE) or integrated Assessmenti{hAd@mbedded

al//a FTYRK2NJI NBfIFIGAGS O02ada F2NI G6SOKy2f23ASa 2NJ
potential under a particular policy setting or climate target, which may differ significantly from the
O2NNBaLRYRAY3I al // & &K &V aRdeLILGAYD (AACKS A SSy W
WLINP2SOGSRQ YAGATIGAZY O2yiGNROdziA2y SAff 0SS AYLR
aSOG2NRa YAGAIFIGAZ2Y dzy RSNJ @GF NR2dza (NI yaF2NNI GA2y
targets late in this chapte (Section 11.11

In general, available tedown estimates of costs and potentials suggest that AFOLU mitigation will
be an important part of a global cosffective abatement strategy. However, some studies suggest
that the relative contributiorof agricultural abatement of rice and livestock methane (enteric and
manure) and soil nitrous oxide could be more in early decades than during the rest of the century
(S.K. Rose et al., 2011)

Providing consolidated estimates of economic potentials for GHG mitigation within the AFOLU sector

Fa  ¢gK2tS Aa FdzNIKSNJ O2 YLX Andning ffoR camPefiigdza S 2 F L2 (
demands on land for various agricultural and forestry activities as well as for the provision of many
ecosystem servicg®. Smith, Bustamante, et al., 201@Jhile assessing the overall economic

mitigation potentials othe AFOLU sector, studies which accounted for (explicitly or implicitly)

competition for scarce resources including land are to be relied on. Otherwise, estimates of

economic potentials are to be considered subject to the applicable context and caveats.

In view of the above, the following two stgections assess the economic AFOLU mitigation

potentials under two broad subectors: Forestry and Agriculture, followed by an assessment of

economic potentials from the AFOLU sector. Studies undertaken sinc@®Cd I 4G | aaSaavYSy
PS5 KAOK I NB SELISOi $oRlateiertimaireBie®yoinic po@mtidls, taking into

I 002dzy i NBOSyl RS@St2LIYSyida FYyR AYF2NNIGAZ2Y @l NB
However, for completeness, these recent estimates gnesented together with the previous IPCC
assessmentdPCC, 2007ppp.5169 and 55163).

11.6.2 Forestry

The economic potentials of carbon mitigation from forestry including reduced deforestation, forest
management, afforestation, and agforestry differ greatly by activity, regions, system boundstri
and the time horizon over which the options are assegd&buurs et al., 2007)n the short term,

the economic potentials of carbon mitigation from reduced defoatish are expected to be greater
than the economic potentials of afforestation. That is because deforestation is the single most
important source of GHG emissions, with a net loss of forest area bet2@@hand 2010 estimated
at 5.2 million ha/yr (FAO 2@}). Biomass from forestry can contribute -¥2 EJ/yr to energy
consumptionfAUTHORSo be updated from the SRREMith an estimated mitigation potential
roughly equal td.4-4.4 GtCO2/ydepending on the assumption whether biomass replaces coal or
gas inpower plants(IPCC, 2007bp.543;IPCC @12).

Figure 11.1Qoresents global estimates for economic mitigation potentials in forestry at 2030 under
various carbon prices. The range of global estimates at a given carbon price reflects uncertainty
surrounding forestry mitigation potentials in thedrature. Table 11.JAUTHORSiased on IPCC
2007; p. 559; to be updatésdhows the economically viable mitigation potentials by key region and
main mitigation option, estimated using global models.
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Table 11.8 Potential of mitigation measures of global forestry activities. Global model results indicate annual amount sequestered or emissions avoided,
above business as usual, in 2030 for carbon prices 100 US$/tCO2 and less.

USA Europe OECD Non-annex | East Asia  Countries in Transitio

Activity 1¢20” 20¢50° 100 1-20 20¢50 100 1-20 20-50 100 1-20 20-50 100 1-20 20-50 100
Afforestation 0.3 0.3 445 0.31 0.24 115 0.24 0.37 115 0.26 0.26 605 0.35 0.3 545
Reduced
deforestation 0.2 0.3 10 0.17 0.27 10 0.48 0.25 30 0.35 0.29 110 0.37 0.22 85
Forest management 0.26 0.32 1,59 0.3 0.19 170 0.2 0.35 110 0.25 0.28 1,2 0.32 0.27 1,055
TOTAL 0.26 0.31 2,045 0.3 0.21 295 0.25 0.34 255 0.26 0.27 1915 0.33 0.28 1,685

Central and South America Africa Other Asia Middle East Total

1-20 20-50 100 1-20 20-50 100 1-20 20-50 100 1-20 20-50 100 1-20 20-50 100
Afforestation 0.39 0.33 750 0.7 0.16 665 0.39 0.31 745 0.5 0.26 60 0.4 0.28 4,045
Reduced
deforestation 0.47 0.37 1,845 0.7 0.19 1,16 0.52 0.23 670 0.78 0.11 30 054 0.28 3,95
Forest management 0.43 0.35 550 0.65 0.19 100 0.54 0.19 960 0.5 0.25 45 0.34 0.28 5,78
TOTAL 0.44 0.36 3,145 0.7 0.18 1,925 0.49 0.24 2,375 0.57 0.22 135 042 0.28 13,775

1) Fraction in cost class: 17 20 US$/tCO,
2) Fraction in cost class: 20 i 50 US$/tCO,
3) Potencial at costs equal or less than 100 US$/tCO2, in MtCO,/yr in 2030*

* Results average activity estimates reported from three global forest sector models including GTM (Sohngen and R Sedjo, 2006), GCOMAP (Sathaye et al.,
2006), and IIASA-DIMA (Benitez et al., 2007). For each model, output for different price scenarios has been published. The original authors were asked to
provide data on carbon supply under various carbon prices. These were summed and resulted in the total carbon supply as given middle column above.
Because carbon supply under various price scenarios was requested, fractionation was possible as well.

Two right columns represent the proportion available in the given cost class. None of the models reported mitigation available at negative costs. The column
for the carbon supply fraction at costs between 50 and 100 US$/tCO2 can easily be derived as 1- sum of the two right hand columns
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Figure 11.10 Global forestry mitigation potential in 2030

Table 118 [AUTHORSo be updated, which presents global estimates (excluding bioenergy) with
broad regional breakdowns under various broad modelling methodologies reflecs the

uncertainty surrounding forestry mitigation potentials in the literature. Bottamestimates of
economically viable mitigation generally include numerous activities in one or more regions
represented in detail. Tedown global modelling of sectoralitigation potentials and of lonterm
climate stabilization scenario pathways generally includes fewer, simplified forest options, but
allows competition across other sectors of the economy including agriculture to generate a portfolio
of leastcost mitigation strategies. As discussed earlier, comparison oftimpn and bottomup
modelling estimates is difficult. This stems from differences in how the two approaches represent
mitigation options and costs, market dynamics, and the effects of market pricesodel and

sectoral inputs and outputs such as labour, capital, and land. One important reason that hgitom
results yield a lower potential consistently for every region is that this type of study takes into
account (to some degree) barriers to implent&iion. Compared to the togglown estimates, the
bottom-up estimates are expected to be closer to market potentials defined earlier, but the degree
is unknown.

The uncertainty and differences behind the studies referred to, and the lack of baselines soasea
to be rather conservative with the final estimates for the forestry mitigation potentials. Therefore,
mostly the bottomup estimates are used for the final estimates. This stands apart from any
preference for a certain type of study. Summarizing tbated results, forestry mitigation options
are estimated to contribute between 1.27 and 4.23 Gt/ @JAUTHORS: to be updated]
economically viable abatement in 2030 at carbon prices up to 100 US$-£tCQrable 18). About
50% of the mean estimatese projected to occur at a cost under 20 US$/+€Q. (= 1.55 Gt CQO

yr) (Figure 11.11JAUTHORS: to be updatg¢d]he combined effects of reduced deforestation and
degradation, afforestation, forest management, agooestry and bieenergy have the pential to
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increase gradually from the present to 2030 and beydiriee carbon prices against which the

potentials have been assessed should be seen as indicative only, as the information in the literature
varies a lot. These analyses assume gradual impi&atien of mitigation activities starting from

now.

Table 11.9 Economicmitigtaion potential by world region in forestry sector, excluding bioenergy.
Values are in Mt CO2 / yr for at prices up to 100 US$ t CO2 / yr for 2030.

Region&bottom-up Global forest sector | Global integrated assessment
estimate models models
Mean Low High

OECD 700 420 980 2,730

Economies in 150 90 210 3,600

transition

Non-OECD 1,900 760 3,040 | 7,445

Global 2,750 | 1,270 | 4,230 | 13,775 700

4 Excluding bio-energy. Including the emission reduction effect of the economic potential of biomass
for bio-energy would yield a total mean emission reduction potential (based on bottom up) of 3140
MtCO,/yr in 2030.

About 65% of theestimated sink enhancement/emissi@avoidance is expected to occurin the

tropics; mainly in abovground biomass; and with about 10% achievable throughdmergy. In the
short term, this potential is much smaller, with 11XX®@ / yr [AUTHORS: to be updated]2015.
Uncertainty from tlis estimate arises from the variety of studies used, the different assumptions, the
different measures taken into account, and not taking into accountipteskeakage between
continents.
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Mote: EECCA=Countries of Eastern Eurcpe, the Caucasus and Central Asia.

Figure 11.11 Annual economic mitigation potential in the forestry sector by world region and cost
class in 2030
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A recent report from UNEP suggests that forestry could deliver a mitigation potential-4f21GX
CQ/ yrin achieving climate stabilization at +2fALTHORS: to be updated]

11.6.3 Agriculture

Figure 1112 presents global estimates for economic mitigation potentials in agriculture at 2030
under various carbon prices and stabilisation scenario pathvialgdal economic mitigation
potentials at 2030 are estimated to be up to 1600, 270@ 4800 MtCQ-eq/ yr at carbon prices of
up to US$20, US$50 and US$100 a tonne gfeqOrespectively. The change in global economic
mitigation potential with increasing carbon price for eachgdice is shown in Figure 11.12
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Figure 11.12 Economic potential for GHG agricultural mitigation at a range of prices of CO2-eq. Note:
Based on B2 scenario, although the pattern is similar for all SRES scenarios. Source: Drawn from
data in (P. Smith, Martino, Cai, Gwary, HH Janzen, et al., 2007).

As can be seen from these figures, a large prapordf the estimated economic potentials (at

carbon prices of up to US$100 a tonne ot €@nd excluding bioenergy) is expected to arise from

soil carbon sequestration, which is may be affected by climate change in the long run (upsetting any
policy requiement for permanent sequestration). However, the direction and magnitude of climate
change impacts on soil carbon sequestrationtaoeh uncertain(P. Smith, 2011)

In an assessment across all sect@cKinsey and Company, 20@®ed a bottoraup approach

similar to that used byP. Smith et aJ 2008) but made different assumptions about the baseline
projections for GHG emissions in agriculture and the policy levers for encouraging mitigation. In that
assessment, new global MACCs were derigadthe global potential was somewhat larger than

that estimated in the IPCC Fourth Assessment Report at 4.6 LdCOyr in 2030, and was

estimated to be possible at lower cost (<70 US£Q-eq.). A recent report from UNEP suggests

that agriculture could deliver a mitigation potential of 413 G CQ/ yr in achieving climate

stabilization at +2° (AUTHORS: to be updated]

Table 1110 shows the economically viable mitigation opportunities in agriculture at 2030 by broad
region and by main mitigation option under carbon prices of up to US$160re tof C@eq. At

carbon prices of around $100 a tonne of G&R restoration of organic soils appear to be most
promising among all options, followed by cropland management and grazing land management. At a
price of around US$20 a tonne of €9, cropland management seems to hold highest economic
mitigation potential. In other words, the composition of the agricultural mitigation portfolio varies
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with the carbon pice (Smith 2012aA conparison of estimates of economic mitigation potential in
agriculture publishedsince AR4 are shown in Figure 11.13.
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Figure 11.13 Global agricultural mitigation potential in 2030

Table 11.10 Economic mitigation potential in agriculture by option under different carbon prices (P.
Smith, Martino, Cai, Gwary, HH Janzen, et al., 2007).

Option Regional Potential (Mt C&@eq. yr") in 2030)
OECD Non-OECD Total
<20 USD| <50 USD| <100 USD <20USDt <50 USDt| <100 USD| <20 USDt| <50 USD | <100 USD
tCQ- tCQ- | tCQ-eq | CQeq’ | Cqeq’ | tCQeq™ | CQeq’ | CQeq’ | tCQeq’
eq.-l eq.-l 1
Cropland 168 145 89 602 723 746 770 868 835
management (7-260) (73-232) (43-151) (-11-982) | (3431193) | (3521234) | (4-1242) | (4161425) | (3951386)
Grazing land 18 44 89 152 385 776 170 430 865
management | (-12-33) (7-82) (131650 (-8-234) (179591) | (3601191) | (-19-266) (185673) | (3741356)
Restore 75 189 381 173 438 883 248 628 1264
cultivated (8-100) | (103253) | (208510) | (18239) (238605) | (480-1219) (26-340) (341-858) | (6881729)
organic soils
Restore 25 63 126 110 278 562 135 341 688
degradel lands (0-37) (30-95) (61-191) (-8-171) (126:432) (253:870) (-9-208) (156526) | (3141060)
Rice 3 4 5 165 179 205 168 182 210
management
Setaside, LUC, 0 0 0 7 26 47 7 26 47
agroforestry (1-11) (1537) (2867) (1-11) (1537) (2867)
Livestock 32 54 82 99 125 141 131 178 223
Manure 3 8 15 5 13 27 8 21 42
application to
land

11.7 Cobenefits, risksand uncertainties and spill-over effects

This section focuses on the following elementsbeaefits, risks, uncertainties drpotential
spillovers of AFOLU mitigation options. We consider secamomic effects, environmental and
health effects, technological considerations and public perception
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The implementation of the AFOLU mitigatioptions (Section 11.3) will result inrange of other
outcomes, some being beneficial {benefits) There are also potentidetrimental or poorly

understood effectgrisks and uncertaintigs Apart from considering activities in terms of net
greenhouse gas mitigation benefit, other outcombat can be considereshcludeprofitability

(Sandor et al., 20, energy use, biodiversifKoziell and Swingland, 2002enter et al., 2009)

water (R.B. Jackson et al., 200&3pects of social amenity and social cost. Some of these factors can
be quantified whereas metrics for others are less clear. Modelling frameworks are being developed
which allow an integrated assessment of multiple ames(PV Townsend et al., 2014f) project to
national €ales.

11.7.1 Cobenefits

In several cases the implementation of AFOLU mitigation measures may result in an improvement in
land management. There are many examples where existing land managemenoistisoal,

resulting in various forms of desertification or dadation including wind and water erosion, rising
groundwater levels, groundwater contamination, eutrophication of rivers and groundwater or loss of
biodiversity. Management of these impacts is implicit in the United Nations Convention to Combat
Desertifi@ation (UNCCD, 2013And Convention on Biological Diversity (CBD) and thus mitigation

action may contribute to a broader global sustainability agenda.

11.7.1.1 Socieeconomic

AFOLU mitigation options can promote increases in food and fibre production includingsiestie

food yields and timber production, such as within agroforestry systems, or the conversion of
agriculture to forestryEconomic activity can increase through an increase in the overall capital
available in particular systems and thus intensificatiBramples include the capital costs of

mitigation systems that involve the reforestation or revegetation of agricultural land, and the
conseguent increase in demand for labor and other inputs. In some situations, sevbeefits

can be sold (e.qg. timds, water) thus providing additional cagllow for landholders.An emerging

area is the payment for several environmental services from reforestébdeal and White, 2012;

Deal et al., 20125imilarly, mitigation payments can fiihe gap for a sustainable production of
non-timber forest products (NTFP), further diversifying income at the local (B¥&Eingh, 2008)
Further considerations on economic-benefis are related to the access to carbon payments either
within or outside the UNFCCC agreemeBisveral recent studies have examireatbon markets,

their potentials and constrains as means for promoting AFOLU mitigation options in developed and
developingcountries(P. Combes Motel et al., 2009; Alig et al., 2010; Asante et al., 2011; Asante and
Armstrong, 2012)An increasedncomeor incomediversification are often mentioneds important
potential cabenefits. The realisation of these economiclEnefits seems to be related to the

design of the specific mechanisif@@orbera and Katrina Brown, 200&specially important seems to

be a) if the payments are dorexante or ex-post, b) how high are these payments i.e. what the
payments cover and c) to whom the payments arade (Margaret Skutsch et al., 2011)

Deforestation can become a rational choigeder circumstanes d insecureproperty rights(Araujo

et al.,2009) Conversely, improvements in land tenure and land use rights can facilitate a reduction

of deforestation and provide the conditions for promoting forestry activities that maintain or

increase carbon stockSunderlin et al., 2005; A. Chhatre and A. Agrawal, 2009; Blom et al., 2010;

Sikor et al., 2010; Rosendal and Andresen, 20dfgrovements on institubnal agreements,
SaALISOALtfe GK2aS NBIFINRAYyI GSydzNE FyR dzaS NAIK(3
seen either as enabling condition (see 11.8) or aslerefit of AFOLU activities. Improvements in

land tenure and use rights has besgen as a potential ebenefit of A/R CDM, tenure issues are

obligatory and where improvements of rights can be considered as an additionality factor.

Several of these ebenefits may result in additional payment streamand thus impact on the nett
costof mitigation. Examples include reforestation schemes that also produce timber. Other co
benefits may not be easily valued
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11.7.1.2 Environmental and health effects

Climatebenefits of reforestation in the tropics are enhanced by positive biophysical changeassuch
cloud formation, which further reflects sunlight. These patterns of full radiative forcing reinforce the
large potential of tropical regions in climate mitigation, discourage major land use changes in boreal
regions, and suggest avoiding large albedanges in temperate regions to maximize the climate
benefits of carbon sequestration.

Multi-process practices (diversified crop rotations and organic N sources) significantly improved total
N retention compared to three common singbeocess strategies (reded N rates, nitrification

inhibitors, and changing chemical forms of fertilizgardner and Drinkwater, 20Q9ntegrated

systems can be an alternative to reduce leaching. éstoplantation and an open pasture showed a
potential to leach up below 1.2 m soil depth about 88% and 55% higher, respectively, than an
integrated forestrypasture system due to root interaction between grasses and pine trees. This
interaction could resulin higher take up N from soil profile reducing the contamination of
groundwater by nitratdBambo et al., 2009)

At any given level ofaiand for agricultural products, intensification increases output per unit area
and year and would therefore, under ceteris paribus conditions, allow to reduce farmland area
which would set free land for C sequestration and/or bioenergy production. Fon@gaa recent

study calculated impressive GHG reductions from global agricultural intensification by comparing the
past trajectory of agriculture (with substantial yield improvements) with a hypothetical trajectory

with constant technologyJ.A. Burney et al., 20133n empirical longerm study for Austria 180-

2000 also suggested that increased agricultural yields contributed to the emergence of a substantial
terrestrial carbon sink in biota and soflsS ®3 ® > Yal.j2008) 9 Nb S

AFOLU mitigation options can promote conservation of biological diversity. Biodiversity conservation
can be improved both by reducing deforestation, and by using reforestation/afforestation to restore
biodiverse communities on previously déweed farmlandR.J. Harper et al., 200 Reforestation

may also provide a mechanism to fund translocation of biodiverse communities in response to
climate change. Further, increases in water yield and quality can become additidoahefits.

Water yield and quality can be affected by land management and surface cover in part{Gaider,

2005) Reducing deforestation can reduce water quality impacts, such as turbidity and salinity.
Watershed restoration by reforestation can result in an array of other benefits including
improvemens in water qualitfPV Townsend et al., 201 bjodiversty (Swingland et al., 2002)

shading induced water temperature reductiofideal et al., 20123nd improvements in amenity.

It should be also mentioned that stubble retention and minimum tillage may also increase crop
yields and reduce the amount of wind and water erosion due to an increase in surfacgRolat,

2001) agroforestry systems will reduce wind erosion by acting as wind breaks and may increase crop
production, and reforestation or bioenergy systems can be used to restore degraded or abandoned
land (Yamada et al., 1999; Wicke et al., 2011; Stanley J. Sochacki et al., 2012)

Reduced emissions from agriculture and forestigymalso improve air, soil and water qualiB.

Smith, Ashmore, et al., 2@), thereby indirectly providing benefis to human health and well being
Demandside measures to reduce livestock product consumption in the diet are also known to be
associated with multiple heditbenefits(E. Stehfest et al., 20Q9)

11.7.1.3 Technological considerations

AFOLU mitigation options can promote innovatar many technological productiesde
mitigation options, outlinedn section 11.3also increase agriclultual and silvicultural efficiency.
Since many agricultural GHG emissions constitute inefficiencies (e.g. nitrogen Igét fieriN soils
is not available as fertilizer, ¢emitted from enteric fermentation constutes lost livestock
productivity), measures to reduce GHG emissions often improve productivity and profitability.
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