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Abstract in English

This thesis provides an integrated evaluation @& tverall technical and economic
mitigation potential in Chinese agriculture and ttwnditions of putting a carbon price in this
sector. The research scope is cropland emissiodsparticularly those related to synthetic
nitrogen fertilizer use. The thesis is articulatedund the construction of a bottom-up marginal
abatement cost curve (MACC) which offers a ratidnaiework for combining biophysical and
economic data to reflect mitigation costs and pidésy This tool allows the aggregation of
mitigation potentials arising from the applicatioha subset of cost-effective measures above a
notional baseline level. An analysis of Chinesenalie policies reveals that agriculture is nearly
absent in the current national mitigation strate@je therefore intend to assess the technical,
economic and political feasibility of integratingraculture into domestic mitigation policies. In
the first place, the emissions trends and cal@anatiethods are assessed to determine a rigorous
approach to build baseline scenarios from projedieginess-as-usual activities to 2020.
Secondly, we identify nine cropland mitigation m@as and evaluate their abatement rates and
future applicability beyond the baseline scenavi@dnclude a total feasible technical mitigation
potential. The economic potential of each scenasicthen compared by using estimated
implementation costs of different mitigation mea&surelative to conventional farming practices.
The MACC results show that agriculture providesigigant mitigation potentials and is able to
offset about one-third of the baseline emissionsaddition, realisation of one-third of this
mitigation potential is cost-negative for farmeWe finally examine the conditions of using
economic instruments to reduce emissions at thedbwost for the agricultural sector. Given the
institutional, behavioural and social obstacles, stengly suggest restructuring the current
fertilizer subsidy regime to send a clear politisanal from central planning. Scaling-up offset
projects using carbon intensity as the standardossgline is recommended and could pave the
way for an experimental emission trading schemegnculture. In light of China’s strong
concern on safeguarding its food security, caseiestuon regional cereal production are carried
out in all steps, including the analysis of provahagreenhouse gas intensity of production,
regional abatement potential related to synthetiogen fertilizer use as well as disparities of
implementation cost among certain regions.

Key words: Chinese agriculture, marginal abatement coste;ucest effectiveness, mitigation
potential, pricing carbon, Chinese climate policy



Résumé en francais

Cette these offre une évaluation du potentiel @\atation technique et économique global
dans l'agriculture Chinoise et des conditions regiess a la formation d’'un prix du carbone dans
ce secteur. Le champ de recherche inclut les émissienant de terres cultivées et en particulier
celles liées a l'utilisation d'engrais azotés s§tiffues. Il s'articule autour de la constructiamd'
courbe de colts marginaux de réduction (MACC),dffie un cadre rationnel pour combiner les
données biophysiques et économiques afin de refé&tecolts et les potentiels d'atténuation. Cet
outil permet d'agréger le potentiel d'atténuatiénatdilant de I'application d'un sous-ensemble de
mesures colt-efficacité en dessus d'un niveaufdeenee désignée. Une analyse des politiques
climatiques chinoises révele que l'agriculture pstsque absente de la stratégie nationale
d'atténuation. Nous avons donc lintention d’examila faisabilité du point de vue technique,
economique et politique, d’intégrer I'agricultui@ng les politiques domestiques d’atténuation. En
premier lieu, la tendance et les méthodes de cdesiemissions sont évaluées afin de déterminer
une approche rigoureuse permettant de construsreatmarios de référence a partir de prévisions
des activités ‘business-as-usual’ pour 2020. Demn&i@ent, nous identifions neuf mesures
d'atténuation des sols cultivés, nous évaluonstkux d'abattement et leur applicabilité future
au-dela du scénario de base pour obtenir un peteantal d'atténuation techniquement faisable.
Leur traduction en potentiel économique est alaite fen comparant les colts de mise en ceuvre
des différentes options d'atténuation relatives puatiques agricoles conventionnelles. Les
résultats des MACC montrent que l'agriculture oftne potentiel d'atténuation important, qui
pourrait compenser environ un tiers des émissianséference et dont un tiers pourrait étre
réalisé au colt négatif pour les agriculteurs. Nexsminons enfin |'utilisation des instruments
economiques pour réduire les émissions au moinalie dans le secteur agricole. Compte tenu
des obstacles institutionnels, comportementawo&gtgx, nous suggerons fortement d’engager
une réforme dans le systeme des subventions digmdirad'envoyer un signal politique clair aux
agriculteurs. L'utilisation de l'intensité du carmmcomme référence normalisée est recommandé
pour améliorer et élargir I'accés aux projets deensation, et peut aussi préparer le terrain pour
un possible programme expérimental d'échange déagubiémissions dans l'agriculture. En
cohérence avec la priorité de protéger la sécaltibéentaire en Chine, des études de cas sur la
production régionale de céréales sont introduitassdoutes ces étapes, y compris l'analyse de
l'intensité des gaz a effet de serre de la prodinctans chaque province, le potentiel régional de
réduction des émissions liées a I'utilisation diargyazotés ainsi que la disparité de codts de mise
en ceuvre dans certaines régions.

Mots clés agriculture chinoise, courbe de colts marginaaxéduction, colt-efficacité, potentiel
d’atténuation, tarification du carbone, politiquenatique chinoise
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Introduction

China has become the world’s largest energy conswand emitter of greenhouse gas
(GHG), primarily attributed to accelerated econongwelopment and industrial growth since the
economic takeoff in 1980s and the country’s heahance on coal. China’s per capita carbon
emissions were only one-third of the US levels@d@but were expected to surpass the EU soon.
China also consumes a lot more energy than westauntries to produce one unit of GDP,
giving rise to serious environmental problems thapeared to be hurdles to sustainable
development. The Chinese government thus devotesgtoficantly improve the efficiency of
domestic energy use. Consequently, China in théomat Five-Year Plans for social and
economic development started to include a redudtoget for energy intensity since 1980. The
target was renewed in the 12th Five-Year Plan totlo&l energy use per unit of GDP by 16%
between 2011 and 2015.

Additionally, facing the negative impacts of glolwimate change as a result of excessive
anthropogenic GHG emissions, the Chinese governfoetihe first time in history set a goal in
the recent national Five-Year Plan to improve thgbon intensity of the economy by 17% by
2015 from 2010 levels. This target is an interiangiation of China’s voluntary commitments
submitted to the Copenhagen Accord pledging toaedis carbon emissions per unit of GDP by
40-45% by 2020 compared to the 2005 levels. Whadressing climate change issues, the
central government uses it as a vehicle to drive abmprehensive transition to a low-carbon
economy. China has implemented a range of policiemprove energy efficiency and increase
use of non-fossil energy and forest coverage. Hewegiven the amplitude of global climate
change challenge, targeting only the energy anesfoy sectors without engaging other
economical sectors, the current national mitigastategy may not be sufficient to achieve the
ambitious goal to decouple GHG emissions from egooagrowth.

So far, the agricultural sector has been only figahtly incorporated in national mitigation
policies. This absence is partially due to sigaificfragmentation in the agricultural systems and
emissions sources, particularly in rural China wehgmall hold farms is in predominance each
only possessing in average less than one hectarmpland. In addition, land-based emissions
resulting from biological processes are spatialstributed depending on local bio-physical and
climate conditions and farming practices. Owinghis high regional heterogeneity and diversity,
it is difficult to accurately measure and verify GHemissions and abatement potentials from
agriculture. More importantly, the agricultural g&chas historically played an essential role in
China’s economy as it accounts for about 10% ofntt@onal GDP, providing food and primary
material for other sectors, and in support of thelihood of over 600 million farmers. In fear of
imposing negative impacts on the agricultural seated consequently national food security,
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which has consistently been a top priority in Chittee authorities have little motivation to
regulate agriculture emissions.

However, exclusion of agriculture from national igsttion strategy presents a missed
opportunity since the sector is a major contribwtonational GHG emissions only second to the
energy sector. It accounted for 11% of China’s Gétfissions in 2005 and was responsible for
over 70% of national pO emissions and approximately 50% of Lémissions. Agriculture
emissions mainly arise from livestock enteric fentagion, croplands, rice cultivation and
livestock manure management. However, little pregraas been made in crop and animal
productivity in the past decade despite of the iooously increasing production inputs,
particularly synthetic N fertilizers. This has lédl major environmental issues, such as water
contamination, soil degradation and erosion and @&r@ssions. Therefore, Chinese agriculture
stands now at the pivotal crossroads to shift hoge sustainable production mode by updating
its production systems and improving farming piaegi

In this regard, inclusion of climate mitigation @ffs into agricultural policies could enhance
the efficiency of agricultural production and aerate low-carbon transition in this sector if
agricultural management techniques could be updradereduce GHG emissions without
negative impacts on food security. In additiorthére exist mitigation options in this sector that
are more cost-effective in reducing GHG emissioosgared to those in other sectors of the
economy and if they could deliver significant paials, integrating agriculture into the national
mitigation strategy would lower the overall soc@st of addressing climate change. Indeed,
existing global reviews (e.g. Oenema et al., 20BCC, 2007; Smith et al., 2008, 2013) suggest
that agriculture offers significant technical pdtehto mitigate climate change through both
emissions reductions and carbon sequestration riesteal ecosystems. In addition, some
reviews (e.g. Wreford et al., 2010) indicate thany abatement measures in agriculture afford
win-wins solutions, i.e. simultaneously mitigati@G emissions and improving productivity.

There have been many efforts to identify techrnycédlasible mitigation measures that are
applicable in both arable and livestock systems tmdexamine their technical abatement
potentials in China (Lin et al., 2005; Lu et alo0®; Huang and Tang, 2010; Nayak et al., 2014).
These research results provide insights on howgatitin potentials can be applied across the
range of biophysical conditions that characterizen€se farming systems. However, there are
few synthesis estimates of the overall technicdgsible mitigation potential offered by
agriculture, nor any estimation of the cost-effemtiess of abatement measures in this sector.
Such kind of information is crucial in assistinglipg-makers to decide the extent to which
agriculture could be incorporated into nationaligaition policies and which abatement options
should be prioritized. This is the core questioat ttinis thesis tries to explore, giving a special
focus to cropland emissions from fertilization.
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The objective of this thesis is therefore fourfaddticulating around the evaluation of the
cost-effectiveness and the potential of agricultomsigation.

- It aims to firstly review the emission status amtission sources of Chinese agriculture
and assessing its role in the national mitigatibatsgy. This will allow us to see if
agricultural emissions can be estimated sufficjentjorous to construct baseline
scenarios to project near-term GHG emissions.

- The second objective is to identify possible opmidao change farming practices that
could be compatible to the objectives of safegumydiational food security, and to
evaluate the magnitude of abatement potentialsrenffdy the mitigation measures
against the baseline.

- In the third place, we will investigate the econonmnplications for farmer when
adopting mitigation measures compared to the busdarming practices, based on
which we will deliver the cost-effectiveness anaysf identified abatement options and
suggestion on priority of mitigation actions forrpase of policy-making.

- The final objective is to examine the developmehtcarbon pricing mechanisms
(tradable permits and taxes) in China and elabdratethe economic instruments could
be used to reduce agricultural emissions mostefbsttively.

Responding to these questions requires a reseadthtiat is able to incorporate the
assessments on technical mitigation potentials whtét of the economic analysis from the
agricultural sector: the Marginal Abatement Costrvéu(MACC). MACCs show the cost-
effectiveness of different mitigation options adlvas the overall abatement potential that can be
offered. They also enable comparison of the cdsti¥eness of abatement options within a
special sector and/or between different sectorth@fsociety. This made MACCs an important
tool to assist policy makers in prioritizing mitigan options during the last decades with a
plentiful of literature dedicated to MACC constrioct and analysis.

There are two families of approaches that have lbsed to construct a MACC: top-down
and bottom-up. A top-down analysis allocates angerously determined emission reduction
requirement downward through modeling assumptionsonhclude an overall abatement cost to
the economy. This approach employs either microaeon supply-side models (De Cara et al.,
2005; Hediger, 2006; USEPA, 2006; De Cara & J&@t,1) or macroeconomic partial or general
equilibrium models (IPCC, 2007; Schneider et abQ02 Smith et al., 2008; Dominguez et al.,
2009). Engineering-oriented bottom-up approachié$ACC studies (Beach et al., 2008; Moran
et al., 2011; Schulte et al., 2012; Pellerin et2013) analyze the abatement cost and mitigation
potential of individual measures by taking into @aat heterogeneities in terms of abatement
potential, applicability and implementation costsnitigation options.

Owing to the fragmented nature of Chinese agricelemissions and the attempt to making
maximum use of the field experiment data collectdds thesis will apply the bottom-up

19



approach to construct a MACC for the Chinese aljtical sector. This MACC excise will
consider the extent of biophysical data on agniraltmitigation measures and thereby allowing
for the aggregation of the mitigation potentialsarg from the application of a subset of cost-
effective measures above a notional baseline levattivity that we denote as the business as
usual (BAU) scenario.

This thesis is structured around the derivation atitization of a MACC for Chinese
agriculture i.e. i) identification of BAU GHG emisss; ii) evaluation of the technical and
economic potentials; iii) assessment of possibtmemic tools to realize the identified mitigation
potentials. The basic steps for constructing aobotip agriculture MACC is illustrated by
Figure 0-1, following the general methodology (eg.described in Moran et al. (2011)) but with
adjustments to better accommodate national coratedtreflect country specificities. Another
point to bear in mind is that this study will ordgdress GHG emission within the farm gate as
opposed to conducting life-cycle analysis. Thissihas therefore structured in five chapters,
which articulate and extend the contents of theehmajor academic papers (Wang et al., 2014,
2015; Quemin & Wang, 2014) that the candidaturdipld during the PHD study.

The first chapter is a general overview of Chinefienate policies to assists us in
understanding the current status and challengemtefrating agriculture into the national
mitigation strategy. The reader will first be infoed of the historical and current GHG emissions
in China and the contributors to the increasingo@aremissions. This will help understand
Chinese government’s positions in internationahelie negotiations as well as its considerations
of incorporating climate change objectives intoorsl social and economic development plans.
After, we will discuss major energy and climate ipiels adopted in China, examining their
efficiency in reducing energy intensity in the pastd the sufficiency to achieve future climate
targets. This background overview will show thasmlte agriculture being a major source of
increasing GHG emissions in China, this sectorusently hardly integrated in the national
mitigation strategy.

Chapter 2 focuses on the construction of a mtaisgble baseline for near-term GHG
emissions from predicted BAU activities of the G¥ge agricultural sector until 2020. We will
first present agricultural development in China #@sdimplications on GHG emissions. It will
show high level of emphasis from the authoritiemi@erning food security that can be seen in all
agriculture policies. This core principle will bacorporated into the construction of baselines
used to assess mitigation potentials in the folhgwichapters. For instance, increase of
agricultural production is well underlined in projmg future agricultural activities that will ahg
mitigation objectives with the food security prigriAn analysis of agriculture GHG emissions
will be carried out to identify the most appropeianethodologies for calculating emissions in
this sector. It will show that agriculture GHG esigs will continue to increase in the timeframe
to 2020 under the BAU scenario with livestock emoiss growing faster than those from
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croplands. In additiorthe studies willspecially focus orthe GHG intensity of the threeajor
cereal crops on a provincial and historical scaleeveal thegeographiovariations and historic:
curve of the carbon footpriwtf crog production.

Figure 0-1 Developmeniprocess of a bottor-up MACC for Chinese agriculture cropland emissions)
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Chapter 3 assesses teehnica mitigation potentials that are febk in Chinese agricultur
primarily those frontropland emissiol, following the steps presentedthre upper part cFigure
0-1. The bottom-upMACC exercis: starts with identifying agriculturenitigation measures th
have wide applicatioropportunitie in Chinaand offer significant abatement poters. By
comparing the selectethitigatior measures with the common practicender the defined
baselines, we will be able &stimate the per area abatements, i.e.tCO,e abated per hectare.
Quantification of theabatement rat will take into account effects aheasure interactio and
rely on meta-analysithat collected data frorhundreds ofexperiments carri¢ out throughout
China. After, the additionalre:s available for measusgpplication will be examined allow for
estimatingthe overall feasible mitigation potens from indentified measures. Tl potential
represents approximately ctterd of the baseline agriculture emission2020.Since synthetic
and organic fertilizermanagemel practices are expected to provide the lar¢mitigation
potentialsfrom cropland emissiol, we will perform an indepth analysis cmitigation measures
related to N-usen cereal productiorat the regional level to calculata aggregated national
figure. We will see that mtement ras and mitigation potentialgary significantly among
provinces corresponding tbe high differences in regional GHG intensiiycereal production.
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In Chapter 4, a literature review of existing aglicre MACCs will first be carried out to
explain the choice of applying the bottom-up appho#o construct the MACC for Chinese
agriculture. After, we will outline the stages irowng from a technical potential to an estimate
of feasible economic mitigation potential, as ittased by the lower half of Figure 0-1. First, we
will estimate the implementation cost of each meadyy comparing changes in the economic
performance of applying mitigation options by farmevith those under the baseline. The
costs/benefits considered in our approach will amtyude those occurring directly to farmers, i.e.
without extending beyond the farm gate. We alsmuawt for anticipated future price rise for
various agricultural inputs/outputs. Per area abate cost is then combined with the per area
abatement rate to estimate cost effectivenesstajating one tonne GHG (expressed as ¥480O
of each measure. We will then construct the MACQ &ne abatement scenarios for the
agricultural sector to 2020 and conclude that @re-third of the total mitigation potential could
be realized at negative costs while another orrd-fhom low-cost abatement measures. We will
also discuss regional MACCs since a national MAGQ@oat able to reflect the heterogeneity in
cost-effectiveness and mitigation potentials atréggonal level. This information would be more
valuable to assist regional policy-makers. A cornguer of the Chinese agriculture MACC with
similar studies in the other countries will allow to see the pertinence of the thesis outcome.
Additionally, comparing our results with MACCs froother economic sectors will show the
importance of integrating agriculture into nationatigation strategy. A sensitivity analysis will
be performed to test the robustness of the vaassamptions underpinning MACC construction.
Finally significances and limits of the MACC studjll be discussed.

Chapter 5 explores how the research outcomes on GAAGalysis could support policy
making on combating climate change in agricultdifee authorities generally adopt “command
and control” approaches by setting up standardsraled to address environmental issues. But
the economists argue that economic tools are must effective in alternating the behavior of
economic agents through the introduction of a pce carbon, which reflects the cost of
excessive emissions in a context where traditionaikets fail to account for environmental
externalities. In China, the development of sevamb@n emission trading pilots and the
government’s intention to initiate a national scleehas attracted much attention and thereby an
extensive analysis will be carried out. Another rewmaic tool - carbon tax- is also under
discussion in China, but we will put more emphasis the adverse impacts of N fertilizer
subsidies, which could be regarded as a negatiMgocatax. We will see that agriculture is
marginalized in the current carbon pricing schebesause of high transaction costs arising from
the diffuse nature of emission sources and abateawtions, difficulties of accurate emission
measurement and verification, and specificitiegarbon storage in soils. Taking these barriers
into account, we will propose some suggestionsroeftective use of economic instruments in
regulating agricultural emissions. It is urgentBeded to restructure the current subsidy systems
to create a better economic signal on fertilizez. /sSnally, we shall recommend the designing
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elements to scale-up crediting schemes, espedsi@lyhe use of regional GHG intensity results
as baselines. Advancement in the national offsekets shall aliment the preparation of a pilot
ETS covering agriculture with innovative features.
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Chapter 1 - General overview of climate policies in
China

China has made remarkable progress in terms ofoeuendevelopment since the Reform
and Opening-up in the early 1980s. With GDP groveties averaging 9-10% over the past 30
years, China has now become the second largesbmgom the world (World Bank, 2013).
However this strong economic performance has belieed at a high cost of environment with
air, water and soil pollution spreading to largeasr of the nation (e.g. MEP et al., 2014).
Regarding climate change challenges, China is mawtorld’s largest annual emitter of GHG
emissions and the top energy consumer. During @89<, environmental and climatic issues
have gradually stepped in the society as majoremscand they are progressively prioritized in
the National Plans for Economic and Social Develepm

Collective actions from all nations are neededffectively tackle the vast threats of global
warming and climate change. It is hard to achidwe ambitious climate goals successfully
without considerable efforts from China, which istetmined by China’s engagement in
international climate negotiations and its policasd actions domestically to address climate
change. Full comprehension of China’s climate sg&s needs to be built on a better
understanding of the nation’s development challeraged the causes to its GHG emissions. It is
also essential to analyze how mitigation strategied actions will shape the future emissions
curves and whether they could guarantee the fulifit of climate targets. For the purpose of this
thesis research, it is central to consider thecatitire contribution to the national GHG emissions
and how this sector is taken into account in thienal climate strategies.

In this chapter, we are first going to present @ErGHG emissions profile and the growth
drivers of CQ emissions (section 1), followed by an overview Gifina’s participation in
international climate negotiations and how climditeension is gradually integrated into national
development designs (section 2). Section 3 gives-aepth analysis of the climate policies and
actions and how they framed the energy intensitlugon in the past and will affect future
energy and climate performance in China. This bamkgd overview allows us to identify the
challenges of incorporating agriculture into naéibclimate strategies (section 4).
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1. Chinese GHG emissions and drivers of CQemissions growth

This section first presents the magnitude of GHGssions in China and the major
contributing sectors (section 1.1). Investigatiam tbhe historic evolution of C{emissions is
performed to understand the emission trends (sedti®) and the factors driving G@missions
growth in China (section 1.3).

1.1. GHG emissions according to national inventories

China, as a non-Annex | Party to the United Natienamework Convention on Climate
Change (UNFCCC), is not obligated to report its Geéf@issions on an annual basis. As of 2014,
the Chinese Government has published two nationadnitories of GHG emissions - those of
1994 and 2005, incorporated into the Initial andd®el National Communication on Climate
Change submitted to the UNFCCC in 2004 and 201ghedtively (NCCC, 2004, 2012). In
compiling the inventories, China followed the IP@Tiidelines for National Greenhouse Gas
Inventories (revised 1996, Good Practice and 208&ions) and selected emission sources,
activity data and emission factors according taomai circumstances. China chose to estimate
only carbon dioxide (Cg), methane (CkJ), nitrous oxide (NO) emissions when conducting the
first inventory, but reported on all the six GHGw the second one. In the meantime, more
emission sources under the five sectors, i.e. gnanglustrial processes, agriculture, waste
management and land use change and forestry, wevearged in the 2005 inventory.

According to the national inventories, in 2005 GinGHG emissions totaled 7,976 million
tons (Mt) CQ equivalent (C@) excluding Land Use, Land Use Change and Forestry
(LULUCF), more than double the amount in 1994 (8,6 CO,e). The total net carbon removal
through LULUCF was estimated to be about 421 and #BQ CQOe in 2005 and 1994,
respectively, attributable to the government’'s carmdus efforts to raise the national forestry
coverage (a net increase of about 4.1 Mha fore=tigh year during 2003-2008). Among the
GHG emission sources, fossil fuel combustion waslaihgest contributor accounting for over 70%
of global warming potential (GWP) weighted emissigRigure 1-1 and Figure 1-2). Agricultural
production came at the second place and was theaprisource of ClHand NO emissions
followed by industrial processes which were an ingoce source of COemissions. The two
sectors together represented approximately 21%tidmal total emissions in 2005 while around
2% arose from waste management in the form of. CH

Prior to the release of the second national inwgntbe International Energy Agency (IEA,
2011) and the Climate Analysis Indicators Tool (CAR013) of the World Resources Institute
(WRI) also estimated China’s GHG emissions for 200Beir results of 7,527 and 7,059 Mt
COee are lower than the national statistic (7,976) dlscrepancies can be partially attributed to
the inconsistencies between the energy consumgttafrom the national statistical system and
that of the IEA (Zhu, 2013). In the future, the @¥s8e government is committed to start reporting
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its emissions more frequently, even on a biennadid with the assistance from developed
countries, as outlined in the Copenhagen Accord.

Figure 1-1 Composition of China’'s GHG emissions bgas in 2005(a) and 1994(b)

N20O

CH4
20%

COo2

co2 73%

80%

a (2005) b (1994)
Source: China’s Second and Initial National Comination on Climate Change (NCCC, 2012, 2004)

Figure 1-2 Composition of China’s GHG emissions bgector in 2005(a) and 1994(b)
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1.2. Historic trends of CO, emissions from fossil fuel combustion and cementqduction

For the purpose of illustrating historic trendstadan GHG and Cgemissions need to be
updated at regular time intervals or preferablyaorannual basis. However, such information is
absent in official statistics and it is thus neeegdo direct to other sources that release, CO
emissions data at constant intervals, such as thptbe IEA, the British Petroleum (BP), the
Emission Database for Global Atmospheric ReseaElDGAR) of the EU’s Joint Research
Centre (JRC)/PBL Netherlands Environmental Assessmigency, the Carbon Dioxide
Information and Analysis Center (CDIAC), the US Ejelnformation Administration (EIA) and
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the WRI's CAIT. National experts (e.g. Zhu, 2018Yicated the compatibility of IEA estimates
with national inventories of C{emissions; we thereby use the CAIT database ustifite CQ
emissions evolution in China (CAIT, 2013). The CAdiatabase include GCGmissions from
fossil fuel combustion, drawing from estimates bg tEA, and those from cement production,
drawing from estimates by the CDIAC. Generally, ,Cénissions from cement production
account for over 70% of CCemissions from the whole industrial processeshin& Figure 1-3
presents the evolution of national €@missions and China’s share of the world’s totamf
1980 to 2010. Figure 1-4 highlights the growth satsé CQ emissions in relation to the growth
rates of energy use in China from 1990 to 2008 (GC2RD13).

Figure 1-3 Evolution of China’s CQ, emissions and global share from 1980 to 2010
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China’s CQ emissions from fossil fuel combustion and cemerddpction, excluding
LULUCF, amounted to 8,896 Mt in 2010 and accouritedhbout 26.8% of the world emissions.
As Figure 1-3 illustrates, while the national £€missions in 2010 were more than twice their
1990 levels, this growth occurred principally betwe2002 and 2010 after a slight decrease
during 1996-2000. Since 1979, following on ChinBsonomic Reform and Opening-up, annual
carbon emissions increased nearly 6-folds. Buhatukl be mentioned that about 33% of the
emissions were produced making goods for expa206 compared to only 12% in 1987(Wang
& Watson, 2008). National CQemissions have been evolving at slightly higherepthan the
total primary energy consumption - the essentigediof CQ, emissions.

The per capita COemissions in China were about 6.65 tons in 2010¢hkvwere about one-
third those of the US (18.33 tons) and approachedeU-27 levels (8.08 tons). The BP report
(2014) predicts that per capita carbon emission€hma will surpass the EU in 2017 and the
OECD average in 2033, but remain below the US lewv2D35.
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Figure 1-4 Growth trends of CO, emissions and energy use in China from 1990 to 200
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1.3. Drivers of CO, emissions growth in China

To help explain the causes of €@missions growth, carbon emissions can be divided
four drivers: population, per capita GDP, energgmsity of the economy, and the £€»ntent of
the energy use (Kaya, 1990). The relationship eaexpressed as:

GDP y CO, emissions y energy use
population energy use GDP

ool

Per capita GDP CO: intensity = Energy intensity

N J
Y

COz intensity per unit of GDP

CO, emissions = population X

The contribution of the four drivers to overall €émissions at 5-year intervals during 1981-
2010 is calculated by the author using the methekldped by Kaya. Results are plotted in
Figure 1-5. CQemissions data are from the CAIT database, GDPpapdlation information is
extracted from the World Bank database (2013), thedenergy use is collected from the BP
statistical review (2013). The results illustrateatt among the four drivers, only the energy
intensity of GDP has been in a steady decrease @80 accelerated by policy interventions and
concerted efforts, especially after 2005 (see secB8.2 for more details). Figure 1-5 also

29



indicates that the growth in total G@&missions from 1981 to 2010 was largely triggdrgdhe
increase in per capita GDP (responsible for ove¥ 7idrowth), but was nearly inelastic to
population growth. The impact of China’s carboneidity of energy consumption on €O
emissions was not consistent over time. It declifnech 1996 to 2000 as the share of coal in the
primary energy mix reduced from 73.5% in 1996 t&668 2002 while the share of oil increased
from 18.7% to 22.3 % (NBS, 2011). The trend revénsben oil prices started to rise quickly in
2002, stimulating the consumption of coal. As allteshe share of coal reached a periodic peak
of 70.4% in 2009. Not only was more coal consumethis period, but lower-grade coal with
higher carbon content was used to meet the uneeghesmtergy demand brought on by rapid
economic growth (Levine & Aden, 2008). Consequentirbon intensity of energy use grew by
15% from 2001 to 2010, contributing 8.8% to the@ase in C@emissions since 2001.

Figure 1-5 Drivers of CO, emissions growth in China from 1981 to 2010
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The decomposition analysis of @@missions drivers indicates the possible chanrels t
would be preferred by the Chinese government tarobits emissions growth in the future while
sustaining required economic development. Efforéstlerefore needed to reduce the energy use
per GDP by upgrading industrial performance andseoring energy, and to move towards a
cleaner energy mix by alleviating reliance on cal accelerating the development of non-fossil
fuels. This corresponds to the core pieces of greagd climate-related policies that will be
elaborated in section 3.

30



2. From international engagement to national climate plicies

2.1. Framework of climate policy marking in China

Originally, the Chinese Meteorological Administaati (CMA), along with the Chinese
Academy of Sciences (CAS), the Ministry of Scieaod Technology (MOST) and the Ministry
of Foreign Affairs (MFA), directed climate changeocdination efforts to reflect China’s initial
perception of climate change as a scientific ardrivational issue. As climate change evolved
from a scientific topic into an issue also involyireconomic development and political
negotiations, the State Planning Commission (SRCaime the hub for climate change policies
in China in 1998. The SPC was renamed as the NatD@avelopment and Reform Commission
(NDRC) in 2003 and holds the broad administrating planning control over China’s social and
economic development.

NDRC's climate responsibilities are entrusted te thepartment of Climate Change,
including formulating key strategies and policieslihg with climate change, representing China
in international climate negotiations, and coortimg the work of conducting national GHG
inventories. Other ministries and government agen@articipate in climate-related policy-
making by providing their corresponding expertiser example, the Ministry of Environmental
Protection (MEP) formulates concrete regulationd standards, the MFA assists the NDRC in
international climate negotiations, the MOST predadtechnical advice, and the CMA
participates in the work of IPCC.

2.2. China’s engagement in international climate negotigons

Grounds underpinning China’s positions in climaggatiations

In order to better understand China’s standpointglimate negotiations and consequent
actions, it is worth taking a look at the basis enpihning the government’s positions, which are
the nation’s cumulative C£missions. Although China now contributes over 25%he world’s
annual CQemissions as the top emitter, it is responsiblarferely 9% of cumulative emissions
between 1850 and 2006 (Figure 1-6 (a)). In termsuafulative CQemission per capita (Figure
1-6 (b)), it is far less than the levels in develdgountries and is about 1/5 of the world average.

China therefore advocates taking into account tiedésments in proposing its international
mitigation obligations and considering equity inashg atmospheric resources. Throughout
various climate talks and negotiations, China haisenated the principle of ‘Common but
Differentiated Responsibilities’ that urges devedountries tbear primary responsibility for
the historical concentration of GHGs in the atm@&phand thus to take the lead in combating
climate change. China also states that developeditices should provide financial resources and
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technical assistance for developing countries tgpadppropriate measures to mitigate and adapt
to climate change.

Figure 1-6 World cumulative CO, emissions 1850 — 2005: total and per capita
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Evolution of China’s engagement in climate negairz

China has been engaged in international climateudsons since the early 1990s. It
formally ratified the UNFCCC in 1992 as a non-Annegountry and the Kyoto Protocol on
August 30, 2002, as a non-Annex B country. Chinag wat bound by any emission reduction
obligations under the Kyoto Protocol, nor was itlimg to take commitments that might
constrain its economic growth. In the following ys&aalthough global warming gradually
received more attention in China as well as inteonally, no explicit climate goal was defined
nationally. Still, the First National AssessmentpBe on Climate Change (NARCC) was
released in 2006, which assessed the impact ofitdimhange on the main range of economic
sectors and put forward both mitigation and adaptapolicies and measures. The Second
NARCC was published in November 2011.

Since 2007, climate change has quickly become ah#talked-about topic in both the
political and scientific spheres, and has rapidhered as one of the priorities on the Chinese
government’s agenda. The cornerstones of climdageck policies in China were the National
Climate Change Program (NCCP), released in Jun&,20@ the China’s Policies and Actions
for Addressing Climate Change (CPAACC) in Octob80& The latter was updated by the
NDRC on an annual basis thereafter. In additioe, Mational Climate Change Adaptation
Strategy was published in November 2013. Theseomaticommunications outlined China’s
efforts both to mitigate and adapt to the impadétslimate change, its long-standing positions in
climate negotiations, its consideration of inteigrgtclimate change into national economic and
social development strategies and the significariceetting up a national leading committee on
addressing climate change.
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With the issue of climate change continuing to hgmbn the international agenda and as the
top annual C@emitter, China has been under increasing pressureindustrialized countries to
take on more mitigation responsibilities. More impatly, the adverse impact on living
conditions, agriculture production and health cdudg rapid growth in carbon emissions
triggered wider discussion at the national scalettos need for China to switch to a more
environment-friendly development pattern. In thimtext, the Chinese government has begun to
consider the possibility of making firm commitmeits climate change as an important vehicle
to redirect economic development pathway. A notabikestone is China’s climate mitigation
actions submitted under the Copenhagen Accord¢dhe elements of which were the voluntary
pledges to reduce its G@missions by 40-45% per unit of GDP by 2020 comgbeo 2005
levels, and increase the share of non-fossil furefgimary energy consumption to around 15%,
forest coverage by 40 million hectares, and foststk volume by 1.3 billion cubic meters by
2020 from 2005 levels. These engagements reflébt®bina’s long-held position to conserve its
development rights by putting an intensity constrain carbon emissions, and its willingness in
making greater strides to minimize its carbon footp

China stepped up its efforts at the Conferenceastiés (COP) 17 in Durban, voicing its
intention to be engaged in a post-2020 legally inigdramework for emission reduction under
certain conditions. This was the first time thati@hmentioned a timeline for taking on future
legally binding obligations to control its emissgogrowth, although contingent upon progress of
international climate talks and China’s domestigadepment by 2020. Such proposals may be
presented at the end of 2014 or early 2015.

2.3. Inclusion of climate targets into national developrent plans

Early 2011 witnessed the translation of these wualyninternational commitments into
domestic policies as they were integrated intonggonal economic and social development plan,
i.e. the 1% Five Year Plan (FYP), as the vehicle for the titiovs towards a low-carbon
economy. The Outline of the 12FYP, released in 2011 to cover the period of 2PA15,
established the policy orientation of promotingegrand low-carbon development, and explicitly
set out mandatory targets on both energy interesity carbon intensity among a range of
sustainable development goals. In the meantimepuatsory goals were set for the share of non-
fossil fuel in China’s energy mix and the increa$dorest coverage and forest stock volume.
While objectives for carbon intensity and foresicktvolume were the first-ever to be introduced
in a FYP, the other goals followed up on and expdnthe ambitions of the T1IFYP (2006-
2010). Table 1-1 illustrates the progression ofrgn@nd climate related targets in thé"AYP,
the 12" FYP and those for 2020.
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Table 1-1 Key energy and climate indicators in th€hina’s Five-Year Plans

Energy Intensity (%

reduction in 5 years) 20% 19.1% 16% Not yet atdéla mandatory
Carbon Intensity (% 20.5%(according
reduction in 5 years) NA to ERI research) 17% 40-45% vs 2005 mandatory

Non-fossil fuels in
primary energy

consumption 9% 9.6% 11.4% 15% mandatory
Up to 20%

Forest coverage from 18.2%  20.4% 21.7% 23% mandatory
13.7 from

Forest stock volume ~ NA 12.5billion n? 14.3 billionn? 15 billion n? mandatory

Annual GDP growth

rate 7.5% 11.2% 7% Not yet available  expected
3.25 from 2.36 4.0 billion tce

National energy billion tce' (+6.6%  (+4.2%

consumption NA annually) annually) Not yet available expected
4192 from 2494 6150 billion

National electricity billion Kwh Kwh(+8.0%

consumption NA (+10.9% annually) annually) Not yet available expected

Note: 1.tce stands for metric tons of coal equivalent, ungdiby China for energy statistics. 1 tce equal8R2&J
or 7 million kcal at low heat value.
2. The target was set for renewable enargtead of non-fossil fuel and was outlined in th&" FYP for
Energy Development -released in 2007.
3. Cap on total energy consumption andtedéty consumption were identified in the “FYP for Energy
Development”, released in January 2014.

Source: Data compiled from FYPs and governmentnspo

3. Policies and actions to meet the mitigation targets

3.1. Climate and energy related policies throughout 2012015

To address both the economic development and dictzinge challenges, climate policies
in China shall accommodate the GDP growth priduity reorient it to be less carbon intensive. In
line with this core principle, policies in four ks were prioritized to control emissions:
accelerate the adjustment of the industrial stre¢tpromote energy conservation, develop low-
carbon energy sources, and increase forest caibks Erable 1-2). Most of the policies and
measures for 2011-2015 under these four pillarsvelca continuation and expansion of those
defined for the 11 FYP period.
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Table 1-2 Major climate and energy related policieshroughout 2005-2015 in China

Goals Major policies and programs

- GDP contribution of the service industry risesatmut 47% in 2015
Raise the GDP contribution of theup from 43% in 2010.

service industry and new strategic. 7 new strategic industries specified in the" 12YP: advanced
industries materials, information  technology, innovative  equént
manufacturing, biotechnology, €

- Reinforce the entrance standards for energy-gitenindustries by
imposing taxes and raising safety, energy and enriental standards
Inhibit excessive growth of

: . o - Restrict the export of energy-intensive products
energy-intensive and emission-

intensive industries - Prevent shift of polluting and backward produstfacility to central
and west China

- Introduce punitive electricity tariffs for energytensive industries

The Ministry of Industry and Information Technolo@!IT) allocated
Phase-out obsolete production  concrete tasks of eliminating outdated and polgtoapacities to
facilities provinces and individual enterprises and releaBedist of enterprises
subject to public supervision in 19 sectors.

The billion dollar effort to provide financial innBves to promote a
wide range of energy saving projects (coal indaktibilers or kilns,

waste heat recovery/waste power recovery, petroaticonservation

or substitution, electrical machinery energy sawggtem and energy
system optimization).

Save the equivalent of some 300
million tce during 2011-2015(Ten
Key Energy Conservation
Programs )

This program involved initially the top 998 mosteegy-intensive
enterprises in 9 industrial sectors, which accalirfter 43% of the
Top-1000 Energy Consuming  nation’s total CQ emissions in 2006.
Enterprises Program in {EYP,
extended to 10,000 Enterprises The extended 10,000 enterprises program in facersowmore than

Program in the 1 EYP 17,000 top emitters representing 2/3 of China’saltoenergy
consumption. They are required to achieve an ates@ergy-saving
target of 250 Mtce by 2015.

Promote energy efficiency Standards and detailed actions will be set for thalding,
improvements in other sectors  transportation and rural energy use sectors.

5 . _Promote energy service companies (ESCOs), energyaod trade
IROSHET i 225 meCh"’mlsms’trading, trading of energy conservation certifisate

- Develop hydropower taking into The “renewable energy law”, enacted in 2006 andrai®ee in 2009,
account environmental protection introduced a series of incentivizing polices: avsmn for renewable
- Develop safe nuclear power.  portfolio standards (also called ‘mandated markears), feed-in
- Promote wind, solar, biomass tariffs for biomass, ‘government-guided’ prices foind power, an
and geothermal energy adapted tmbligation for utilities to purchase all renewapl@wver generated, new
local conditions. financing mechanisms and guarantees (e.g. exerepésvable energy
- Increase share of natural gas angrojects from local income taxation), and other ketienhancing
clean coal. provisions.

Afforestation programs , forestry A range of indicators were set for 2015 in termslafd acreage
conservation programs and dedicated to forestry and increase of restoredrtifésation, wetland,
restoration of desertification land and natural forestry conservation area.

Source: Compiled by the author from government Jguglelines and plans

While the two compulsory targets of 17% cut in cerbntensity and 16% cut in energy
intensity are both intensity-based, the “12th FYP Energy Development” puts caps on total
energy and electricity consumptidéo accelerate the country’s switch from energyrietee
growth patterns and to limit exposure to energyedelgnce risks. The government intends to
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restrict the national 2015 energy consumption fovwel.0 billion tce and total electricity use to
6,150 billion Kwh. The suggested target of 4 billite implies that China will have to rein in
growth of energy use at 23%, or 4.2% annually du#010-2015: this corresponds to a massive
effort considering domestic energy consumptiondgased by 37.7% over 2005-2010, or 6.6%
annually. In 2013, energy consumption in Chinamedc3.76 billion tce or a 3.9% increase from
2012. In 2014, controlling excessive growth of kataergy consumption topped the list of
priority tasks put forward by the National Energglministration (NEA), indicating China’s
urgent challenges in meeting its energy need. Tieegy consumption cap for 2014 is reported to
be set at 3.89 billion tce.

In terms of adjusting the sectoral structure, aarambitious goal was set for the growth of
the service industry: 4% growth in GDP share frdddPto 2015 (while only 2.8% increase was
reached during 2005-2010), and the number of seétoced to eliminate backward production
technology and facilities has been extended frontol29. With regards to energy savings, the
number of firms brought under a national absoluergy-saving program was increased tenfold
to hold more enterprises accountable for energgieficy and conservation targets.

Renewable energy development is a key elementerfygrpolicies in China. The “12th FYP
for Renewable Energy Development” (NEA, 2012) chdisa total of 4,780 million tce capacity
from renewable energy to be built by 2015, accognfor at least 9.5% in the energy mix. One
hundred and sixty million kilowatts (or GW) of nawstalled power generation capacity from
renewable energy, including 61 GW hydropower, 70 @Givd power, 20 GW solar power and
7.5 GW biomass, are planned to make renewable enamyvide over 20% of electricity
generation in 2015. Efforts should be strengtheioeimtegrate wind energy into the electricity
grid, raise requirements for wind energy technolagyg quality, improve the subsidy system for
solar energy, promote the application of distridusslar electricity generation, and reinforce
renewable energy use in rural areas.

3.2. Energy intensity evolution in China

Since energy intensity and carbon intensity of ¢dsenomy are internally correlated, the
achievements of carbon intensity goal shall torgdaextent be determined by the evolution of
energy intensity. Figure 1-7 illustrates China’sittmuous decline in energy intensity despite an
important increase in energy demand (Figure letpfthe onset of the economic reform in 1978
up to 2000. As a result, in 2000 the energy use3ig®® was nearly two-thirds lower than it was
in 1980. Ma et al. (2008) conducted a study to emarthe drivers of this decline and concluded
that technological change was the dominant faatobringing down energy intensity while
structural change at the industry and sector (sdbstry) level actually increased energy
intensity over the 1980—-2000 period. In the lighbeerachievements of energy intensity targets
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subscribed to previous FYPs, the government remévednergy intensity target from the™0
FYP.

The improvement on energy intensity begun to le¥eas the Chinese economy moved into
a phase of intensified industrialization and urbkation from 2001 onwards. The energy intensity
rose in 2002 and 2003, resulting in a 1.8% increaseng 2001-2005. In response, the
government re-introduced an energy efficiency taige the 11" FYP and plotted out a diverse
range of policies to promote energy conservatioey@y efficiency improvement and renewable
energy during 2006-2010. These actions reversedpiaard trend in energy intensity that had
been experienced in the 5 years prior to 2006.h&ténd of 2010, China achieved a 19.1%
reduction in energy intensity against the 2005 lldvarely missing the 20% target defined in its
11" FYP. According to the NDRC, this energy intensityprovement represents energy savings
of 630 Mtce against a business-as-usual baselimg,aaCQ emissions reduction of 1460 Mt
during 2006-2010. Climate Policy Initiative of Tgimua University (2011) concluded that energy
efficiency improvement was the main driver of ti€€, emissions abatement (about 87%
contribution) while a cleaner energy mix was a Egsificant contributor.

Figure 1-7 Energy intensity evolution during the FYP periods from 1980 to 2010
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Source: Climate Policy Initiative at Tsinghua Unisigy (2011)

Although China almost achieved its energy intentatget under the 11th FYP, it did not
come without difficulty, especially in 2010 whenveeal provinces were still far short of their
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goals. Missing the assigned targets would negatiaéfiect local officials’ job evaluation and
career promotion opportunities under the targepac@bility system. Under this pressure, some
local governments adopted political interventionaswges such as rationing power to industries,
residential buildings, public lighting, and everspials in some cases. Such irrational blackouts
and enforced power cuts disrupted industry prodaciind people’s lives and was quickly halted
by the Central Government. This experience sugdésiistraditional administrative measures
have been used to the full. To go further, strong@mmitments on emissions and energy
consumption shall require longer-term and sustdnabhechanisms and additional policy
measures, such as emission trading schemes théevalaborated in chapter 5.

3.3. Scenarios of future CQ emissions in China

It can be predicted that, in the near future, Chir@0, emissions will continue to rise
rapidly along with its fast economic growth andiabdevelopment. The key determinants that
affect the trajectory of future emissions in Chéfeall be the economic growth rate and the level
of national efforts in lowering its energy inteys{Figure 1-5). Starting from a very low point of
economic development, in 2010 China’s per capitaPGias still less than half of the world
average and far more behind the levels of the dn8tates and the EU 27 (Table 1-3). The
nation’s development is also characterized by loergy efficiency or elevated energy intensity-
3 times higher than developed countries. In addjtdue to high reliance on coal, energy use in
China is more carbon intensive than in the US &edBU since the combustion of coal emits
almost 30% more C{xhan oil and over 50% than natural gas (BP, 2013).

Table 1-3 Comparisons of levels of CQemission drivers in China and other countries (200)

World average 4.8 32900 6826 9307 231 2.8
us 18.3 5670 309 48358 153 2.5

EU 27 8.1 4057 502 32074 121 2.3
China 6.7 8896 1338 4433 394 3.8
China to reach

EU27 living

standards 48.1 64357 1338 32074 394 3.8
China to reach EU

27 levels 9.0 12045 1338 32074 121 2.3

Source: Author’s calculation based on data from T&013) and WB (2013)

Assuming that China reaches the EU living standrutdholding levels of energy intensity
and carbon intensity of energy use fixed at 20M@lte its CQ emissions would amount to
60,145 Mt, about 8 times the current emissions. &l if China manages to achieve the same
level of energy efficiency and technological impeavents as experienced in the EU, ,CO
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emissions would be 9,567 Mt, assuming a stable lptgpo and social development comparable
to the EU. Even in this case, the emissions woal8%6 higher than the current level. As coal is
historically predominant in the energy supply inif@ reducing the energy intensity will require
substantial technological improvements and findriolestment to develop clean coal and non-
fossil fuels (in particular renewable energies).

Given the necessity for further economic and sateakelopment, China is reluctant to put an
absolute cap on its G@missions in the near or middle term. Nevertheladdressing the carbon
intensity of the economy constitutes key elemerfiteational mitigation strategies since such
actions are more relevant to China’s current dgareknt stage. According to the ‘China Energy
and CQ Emissions Report for 2050’ (ERI, 2009), led by #i@vernment think-tank Energy
Research Institute (ERI) of the NDRC, the growthnational GHG emissions will gradually
slow down towards 2020 and is likely to peak aro@980 if appropriate policies are put in
place. Such actions are needed since China hagp#®with a limited resource constraint and its
consequent environmental and health issues, nadinigéo growing public pressure.

3.4. China on track to meet the 2015 and 2020 climate rgets?

Carbon intensity reductions are expected to benda®hemission curve in the next decade,
although the rate at which total carbon emissioiliscantinue to rise is largely dependent on the
rate of GDP growth. Chai et al. (2011) plot Chinafaissions trajectory (Figure 1-8) and show
that if China strictly follows the expected 7% aahGDP growth rate defined in the1EYP,
CO, emissions growth should be limited to 3.1% on arlyebasis and as low as 2.3%
respectively for the 40% and 45% reduction scendi@ red point in Figure 1-8 indicates that
the current development path, with GDP growth ae%land C@ emissions at 7.9% during "1
FYP will not allow China to meet the upper ranget®tlimate ambitions.

Figure 1-8 China’s position towards target reaching2011-2020)
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Chai et al. (2011) also examine the possibilit®Cbina reaching the target relying solely on
cleaner energy sources, concluding that a 15% siiaren-fossil fuels in the overall energy mix
in 2020, combined with average GDP growth rateeaad in the 11th FYP period, will make the
40% target achievable, while meeting the 45% tangiétequire substantial additional efforts.

Reports from the Climate Policy Initiative (20119imt out that it will be challenging for
China to meet its climate and energy related targéhe 4 trillion RMB economic stimulus
packages that the government initiated in 2008 @sponse to the global financial crisis
maintained high economic growth rates and provigéwng support to energy intensive
industries. At the same time, many of the “low-hagdruits” in energy efficiency savings have
already been picked. For example, the replacentfesrall plants has nearly reached saturation
and will offer very limited room for improvement the next ten years. The marginal costs of
energy conservation and emission reductions willtiooie to rise, making the targets under the
12" FYP more difficult to achieve. This shows the idiffty of an effective transition to a low
carbon economy with mitigation strategies targesalgly energy-related emissions.

4. Conclusion

China’s current reluctance to make compulsory mitan commitments in fear of
constraining its economic growth builds on the gusithat cumulative COemissions in both
the total and per capita terms are both low in &higtill, the rapid but carbon-intensive
economic development put it as the world’'s top @ahn@GHG emitter and raised serious
environmental issues. Tackling these challengeshift it to a more sustainable and low-carbon
development pathway requires the nation to decoth@eGHG emissions from future GDP
growth, the latter of which remains the nationabpty. China started to take bold actions against
climate change, which centered on improving eneffigiency, developing renewable energy
and increasing forest carbon stocks since 2010.

Analysis of Chinese climate policies reveals theduction activities are mainly on GO
emissions related to energy use and industrialgzses, which have been the centerpiece of its
international commitments and specified targetthen12" Five-Year Plan, and it is the catalyst
to prompt the national’s experimentation with imluging seven pilot carbon emission trading
systems. Meanwhile, intensive programs on forestaind improving forestry management were
launched to increase the storage of atmospheric B@vever, as a major contributor to national
GHG inventories that is only second to the enespya and the primary source of £dhd NO
emissions, agriculture has so far been merely nzeblilunder mitigation policies. This absence is
owing to the difficulty in accurate measuremenagficulture emissions and the strategic priority
given to food security. Integrating agriculturearthe national mitigation strategies, however,
could enhance the effectiveness of agriculturaldpetion if with possible solutions improve
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agricultural techniques to reduce emissions with@arims to food security. This is the question
tries to explore in the following chapters, focugion crop production and examining the
potential and condition of mitigating GHG emissidrysusing economic tools.
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Chapter 2 - Agriculture emissions. past trends and
construction of future baseline scenario

The previous chapter tells us that agriculture erety considered in the current climate
mitigation policies in China but this absence pnés@ missed opportunity given the magnitude
of GHG emissions from this sector. Maximizing agliare’s contribution to climate mitigation
efforts is essential to China’s overall transittora low-carbon economy from both the technical
and cost-effective perspective. The first step towgutting in place a mitigation strategy for
agriculture is to examine the characteristics ®3HG emissions, including the emission sources,
guantification methods, past trajectory and driviogces. When projecting the future agriculture
activities, an essential requirement that shoultétdg in mind is China’s growing population for
increasingly resource-intensive diets. All thesarednts are fed into the construction of a future
baseline scenario, describing how the emissions elave without additional abatement actions.
The examination of BAU situation lays the foundatior further evaluation on technical and
economic potential in order to provide referenaepiaicy makers.

In this sense, this chapter will first brief Chisagriculture development situations and the
priorities attached to food security as well asangjolicies related to agriculture production
(section 1). Section 2 will investigate the evalatiand features of GHG emissions in Chinese
agriculture. The priority on safeguarding natiofwadd security requires a closer analysis of GHG
emissions from cropland and its relations with lgmdductivity, i.e. the GHG intensity of crop
production (section 3). Based on projected aguealactivities, section 4 will set up an emission
baseline for Chinese agriculture to 2020, reflertine climate impacts of a most likely BAU
scenario (section 4). Section 5 concludes.
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1. Chinese agriculture development and major policies

1.1. Rapid agriculture development and food security prority

Along the history, Chinese governments have beasistently attaching great importance to
agriculture due to its fundamental role in noumghthe population, providing essential primary
materials to other sectors of the economy, supppntural employment, and raising farmer’s
income. The historic economic and social transfaéignaof China in the past three decades as
well as population explosion also resulted in ralgrewth in domestic demand for agricultural
products. Accordingly, enhancing overall grain prciibn capacity, sustaining food sufficiency
and advancing rural development have been ancwriliinue to be state policy prioritigSERC,
2009 despite the fact that the proportion of GDP pretliby agriculture declined from over 30%
in the early 1960s to about 10% in 2010 (NBS, 2011)

China has made substantial efforts to enhancenataop production to feed about 20% of
the global population with only 8% of the world'sable land (World Bank, 2013). Figure 2-1
illustrates that, from 1961 to 2010, total ceraalduction has increased 4.6-fold from 107 to 497
Mt and crop yields have improved at almost the sa@mee (FAO, 2013). Over this period,
vegetable and fruits (excluding melons) outputsehasen more rapidly than cereal production,
by a factor of 9 and 38, respectively. However,ithprovement in productivity was outpaced by
the growth in N fertilizer inputs, which is respdse for over 70% of RO emissions from
Chinese croplands (Gao et al., 2011). Cereal ptaxugrice, wheat and maize) accounted for
about 47% of chemical N fertilizer consumption griaulture in the late 2000s (Heffer, 2009).

Figure 2-1Trend of crop production and N fertilizer inputs in China from 1960 to 2010
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Figure 2-2 Trend of animal products in China from 1980 to 2009
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Growth in both crop production and animal produ@fgure 2-1 and Figure 2-2) has
particularly accelerated after the economic analrueforms in the late 1970s. Measured by
FAO’s net agricultural production index, per ca@gricultural output increased at a modest rate
of 1.1% annually from 1961 to 1978 but grew at 3.886 year from 1978-2011 (OECD-FAO,
2013). The annual growth of per capita livestookdpicts (5.6%) was stronger than that of the
crop production (2.9%) from 1980 onwards. After @0China experienced major changes in the
consumption pattern with per capita direct consimnpof grains declining while the demand for
higher value food continually increasing, espegialtestock products (Zhou et al., 2012). As a
result of this soaring demand for foods of animadio, livestock numbers have shown dramatic
increase, originating large amount of £&hd NO emissions from livestock feeding and manure
management. Meantime, this demand also accelemdeshal imports by China, especially
soybean as animal feed. China has now become impetter of rice, wheat, maize as well as
soybean relying on imports for nearly 80% of itsrdstic soybean consumption relative to about
45% in 2000 (FAO, 2013).

This thesis chose not to pay much attention toefifiects of land use change on emission
evolution for two reasons. First, the focus of stisdy is to investigate the impacts of agricultura
management activities rather than those of lancchaage. Secondly, land change information in
Annex 3 indicates that there will be no significahatnge in crop land use.

It should be highlighted that from 1998 to 2003 tiverall grain production declined by as
much as 18% attributable to shrinking cropping deedecrease of 12% in the 5 years and 71%
contribution to production decrease), slightly d®oly yields, lack of rural labors due to more
attractive jobs in urban areas, diminishing cutiva motivation of farmers because of sharp
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decline in grain market prices, backward agricetinfrastructure, and severe natural disasters
(mainly drought) (Huang, 2004). The Chinese gowemt soon reacted with a range of policies
to benefit farmers: a reversal of its centuriesqakctice of taxing agriculture to subsidy farmers.
Starting in 2004, it eliminated production taxes fanmers, introduced the nationwide direct
subsidies for farmers, and set minimum grain puwitita prices. Since then, agriculture has
consistently been the subject of “No. 1 Documessued each year by the Central Government
that gives top priority to the goal of safeguardiogd security, raising farmers’ income and
accelerating rural development.

Although the proportion of rural population in Cais total population has decreased from
81% in 1980 to 50% in 2010 with an absolute dealih&25 million (NBS, 2011), the agriculture
system is still dominated by small-scale farms #vat responsible for the majority of national
crop production. Large-scale state-hold farms oezupnly 4.5% of Chinese croplands and
provided 5.4% of national total grain products 01@ (MOA, 1986-2013). Over 90% of the 200
million households in China have less than 1 hectair cropland in size which itself is
fragmented into 3 or 4 plots (Huang et al., 201&peit the gradual increase of large-scale
livestock production, small farms still play a majole in swine and dairy production. Another
key challenge facing Chinese labor-intensive adficel production system is the lack of labors
in rural areas since young people are floatingttescfor more economically attracting jobs.

Deep understanding of China’s food security chgkers crucial since it will condition the
following research in the way that constructionbakeline and mitigation scenarios as well as
choosing mitigation measures should premise on egative impacts on productivity. And
extremely segmented farming system shall determairzelarge extent the economic viability and
implementation challenges of mitigation measures.

1.2. Current and near-future national agriculture policies

Since mitigation potential will be assessed agaiasprojected BAU scenario, it is
fundamental to determine an accurate baselingéflatts changing production environment and
accounts for on-going structural change acrossagmre. China’s agriculture now stands at a
cross road and its performance over the next deed@tlebe shaped by both the broad
macroeconomic and demographic factors, but alscadted by the emerging challenges and
relevant policy response.

China’s continuous GDP growth (though gradualbwshg down) and the rapid increase
in urban population despite of small growth itatgopulation over the next ten years will
sustain China’s continual demand for food, esplciat feed grain and protein meal (OECD-
FAO, 2013). Accordingly, although further reducsoin per capita direct consumption of grains
could be expected over time, increased indirectasehof grains used to produce animal feed
will balance the overall grain consumption. But &hiis facing multiple and complicated
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challenges in sustaining national food supply gigencerns over shrinking arable land, declining
water and resource availability, increasing opputyucost of rural labors and others. On top of
these limiting factors, climate change has emegged significant threat to agriculture systems.
In view of these increasing production constraigtewth in agriculture production is expected to
slow down in 2011-2020 than in the first ten yeafsthe 2f' century. OECD-FAO (2013)
predicts a growth rate of 1.7% per year during 20Q32 against the 3.2% annual increase in the
previous decade. Looking towards 2030, it is suggethat annual crop production should be
increased to around 580 Mt assuming Chinese populatabilizes at around 1.6 billion and the
dietary changes to high proportion of animal pro{&ian et al., 2012). The government set a goal
of at least 545 Mt for national grain (rice, wheagize and soybean) production capacity in 2020,
maintaining the domestic food self-sufficiency raae 95% (NDRC, 2009). To meet this
increasing demand on the limited arable land, gyaid in China must grow by at least 0.9%
annually during 2011-2020.

In terms of climate related policies in the agratdl sector, the 12th FYP called for
controlling agriculture GHG emissions. In responge Ministry of Agriculture (MOA) has
initiated programs to improve fertilizer use eféiocy by 3% and enhance irrigation water use
efficiency by 6% in 2015 from 2010. In additionetbovernment planned to bring an additional
11.3 Mha of croplands under conservation tillagsteays during 2009-2015 in north China.
These policies are not directly designed for theppse of regulating GHG emissions in
agriculture, but could have side effects on mitmatn agriculture.

2. Accounting agricultural emissions and past trends

2.1. Primary source of CH; and N,O emissions

Globally, agriculture accounted for about 10-12%tloé world’'s total GHG emissions
excluding LULUCF in 2005 (IPCC, 2007). In Chinayriaglture emitted 820 MtCg in 2005,
representing 11% of the national GHG emissions IgFabl). Agricultural emissions increased
by 36% from the levels in 1994, when agriculturentdbuted 15% of the national total.
Agriculture was responsible for over 70% of natiodgO emissions and approximately 50% of
CH, emissions, arising from livestock enteric ferméntg croplands, rice cultivation and
livestock manure management (Table 2-1). In boeh1894 and 2005 inventories, 310 and 21
were applied as the direct GWP ofNand CH, respectively, at the 100yr horizon.

From 1994 to 2005, livestock enteric fermentatias bonsistently been the largest source of
agricultural GHG emissions. GHs produced as a byproduct in the normal digegireeesses of
animals, in particular ruminant animals. Dairy cowattle, buffalo, sheep, goats and swine were
identified as key emission sources. As the secamtributor, cropland was responsible for over
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70% of agricultural BO emissions which is produced naturally in soilotigh the microbial
processes of nitrification (the aerobic microbiatidation of ammonium to nitrate) and
denitrification (the anaerobic microbial reductiohnitrate to nitrogen gas). Human-induced net
N additions to soils (e.g., synthetic or organidifieers, crop residues) will trigger both direct
and indirect NO emissions. The latter occur via either N depasifassociated with ammonia
volatilization) or nitrate leaching and runoff. €ldroduced by the anaerobic decomposition of
organic matter in flooded rice fields accounted &ound 20% of agricultural emissions.
Livestock manure management generates both, GHproduced during the anaerobic
decomposition of manure, angd®l emissions — produced by the nitrification anditléication

of the organic N content in livestock manure andeaurThe amount of emissions depends on the
types of manure treatment or storage, the compasiif the manure, climate conditions and
other factors.

Table 2-1 GHG emission sources and contribution i€hinese agriculture

Enteric fermentation 302.0 36.8% 213.8 35.3% 41%
Croplands NO 207.7 25.3% 194.7 32.2% 7%
Rice cultivation 166.5 20.3% 129.1 21.3% 29%
Livestock manure

management 83.7 60.1 17.5% 13.6 18.2 5.3% 351%
Others (grazing,

residue burning...) 35.7 5.9%

Source: First and Second National GHG Emissionetaries

The quantification of GHG emissions from agricuituwwas primarily based on the IPCC
Guidelines involving the identification of key emign sources to be accounted for and the
choice of estimation methods. Methodological chaleénes the degree of precision of emission
estimations in a sense that Tier 1 are simple ndstivath IPCC default values for emission
factors and Tier 2 use country specific emissiartoid and detailed activity data if available
while Tier 3 are more complex applying modellingneeasurement approaches. IPCC Tier 1 and
Tier 2 methods were generally employed in compilmafional inventories for agriculture
emissions. It is worth noting that the 2005 invents not completely comparable with the 1994
inventory for two main reasons. Firstly, accountpegimeters were different as emissions from
grazing, residue burning as well as manure burmiage no longer capped in the 2005 inventory.
Secondly, emission factors have been gradually tegdday the IPCC along with research
advancements. For example, the default emissiotorfdor N;O emissions from N inputs to
flooded rice and upland are distinct at 0.03% aridd) respectively, in the 2006 Guidelines
which is set at 1% both in the 1996 Guidelines.
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As emissions are positively correlated with agtietd activity levels, the increase in
agriculture GHG emissions was driven by the rapicrgaase in N inputs and animal products
production (Figure 2-1land Figure 2-2). Changingsdte more animal products since the 1990s
also triggered higher growth rate in meat, eggraiill production than grain, justifying the more
evident increase in livestock related emissiongh(lfermentation and manure management)
increases at a higher rate than cropland emisskeoisexample, Cldemissions from enteric
fermentation raised by 41% from 1994 to 2005 comgao only a 7% increase in® emissions
from croplands.

2.2. Origin of important CO , emissions

In national inventories following IPCC classifiaati, emissions attributed to the category
‘Agriculture’ contains only ChHand NO emitted within the perimeter of farm gates. leslaot
include emissions related to the use of fossil fn@gricultural production, which is accounted in
the category ‘Energy’. Nor does it accounted fosttgam emissions, such as the manufacture
and transport of agriculture inputs and goods, dowinstream emissions, such as the transport of
food and feed products. In addition, carbon segatésh in croplands and above-ground biomass,
which has not yet been reported in the Chineseniavies, is generally not reported in the
‘Agriculture’ category but classified under the ‘LUCF’,

Some sources (SAIN, 2011) estimate that China’galgmre and agro-chemical industries
together accounted for about 20% of China’s totd3zemissions. It is reported that energy used
for agriculture, forestry, animal husbandry anddises amounted to 60.8 Mt tce in 2007 (Lin et
al., 2011), accounting for about 2.17% of Chinatsitfossil energy consumption. This amount is
equivalent to approximately 125 MtG®emissions in 2005 by referring to total emissionthe
‘Energy’ category (5,770 Mt C£). In terms of emissions related to agro-chemicsaufacture
and transportation, it is difficult to draw an ekégure constrained by data availability.
Nevertheless, Zhang et al. (2013) reported emisfators for NH synthesis, N fertilizer
manufacture, N fertilizer transportation and dsition at 5.1, 0.9 and 0.1 tGéJitN, respectively,
implying that about 171 Mt C£@ were emitted before N fertilizer being appliedads in 2005.

In the same vein, studies on European agricultls® iadicates that agriculture-related energy
use, upstream and downstream emissions represany same amount of emissions as those
reported in the ‘Agriculture’ category (Dequiet,12).

Another particular feature of agriculture lies ts ability to sequester atmospheric carbon
into soils and aboveground biomass. But accouritingarbon sequestration raises several issues
primarily because of the short-run and non-permbaearacteristics. For example, carbon stored
in agricultural soils could be released back irite atmosphere in case of switching from no
tillage to conventional tillage. Albeit the exclasifrom national inventories, soil organic carbon
(SOC) content in the surface layer of Chinese emqgid are found to steadily grow over the past
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30 years in most regions triggered by the contisuaarease in crop yields, conservation tillage
area and return of crop residues (Pan et al., 2040;et al., 2011; Yu et al., 2012). The increase
rate was estimated at 13-28 TgC/yr or 28-44 MI@Q(Cai & Yan, 2011), implying that carbon
accumulation in croplands was able to offset 346 GHG emissions from China’s agriculture
in 2005.

To keep consistent with the national inventory arghlight farmers’ direct role in altering
climate impacts of agriculture production, our ggsé is centered on the GEnd NO emissions
within the farm gate without targeting the broadifscycle carbon footprint. In the meantime,
improvement in SOC is also taken into account ial@ating the mitigation potential of certain
measures owing to its importance in enhancing Hamtlity, raising crop yields and offering
mitigation opportunity through carbon sequestratidowever, more-broad or life-cycle analysis
is worthwhile in future research given the generasitive effects of mitigation measures in
reducing upstream or downstream emissions.

3. Study on GHG emissions from cropland
3.1. General methodologies of accounting D emissions from cropland

This PhD study chose to focus dre climate effects of cropland farming activities and
management practices:,® emissions from cultivated croplands, £Emissions from rice
paddies and potential carbon sequestration by w@tmal soils. NO emissions will be given
particular attention. Such a choice was made basedwvailable data and time constraints.
Analysis of emissions and mitigation potential teta to livestock production, manure
management and grassland was carried out by anektizicandidature (Frank Koslowski) under
the same research framework, which were combineal thiose under this PhD research to
deliver a full picture for Chinese agriculture.

The first step to the construction of baseline ages for future emissions as well as the
guantification of abatement potential of mitigatioreasures is to determine a robust emission
estimation method. Ideally, such a method shoulddiesistent with that used in the national
inventories. This is the case for ¢Emissions from rice paddies since historical aratligted
emission data are available from peer-reviewed pgaff€hang et al., 2011) using the CH4MOD
model which was applied for compiling the natiomadentories. Regarding A emissions from
croplands, the IAP-N (Improving Anthropogenic Prees of managing reactive Nitrogen) model
(Zheng et al., 2004) was employed to quantify difdgO emissions in compiling national
inventories while IPCC default emission factorsdug® indirect NO emissions. However, it is
unable to get access to this model to reproducasiemission estimations. This raises the need
to choose another method that is widely recognimeéceasy to operate.
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Many scholars have quantified,® emissions from Chinese croplands applying twadro
categories of methods: empirical or measurememdtae with representative emission factors
(Yan et al., 2003; Zou et al., 2010; Gao et al11)0and complicated biogeochemical models (Li
et al., 2003; Zheng et al., 2004;). It is worthingtthat even those studies following IPCC
Guidelines, results may vary depending on the 8eleof reported N sources, activity database
and emission factors. A comparison of these methesatss to the choice of following the IPCC
2006 Guidelines combined with Chinese specific sinrsfactors (Gao et al., 2011; Zhang et al.,
2013; Table 2-2). This research takes into accootft direct and indirect D emissions from
the three major N input sources-synthetic fertikz@rganic manure and crop residues, which are
consistent with the sources accounted in the nalti@HG inventories. pbO emissions can be
released directly when anthropogenic N is added sbés or indirectly resulting from
volatilisation and subsequent redeposition ofsHd NQ and their products (NA and NQ) as
well as leaching and runoff of N as M@om soils. General calculation is conducted failog
Egn (2-1).

Emissiong,= NG MNue EE N O iNe( EE, + EE.)

NZO— Nnput = FSN + FAW+ FCR

EF,..= EF+44 28 GWR,o

EF o= (FraCy,et EF, + Frac o, EE)- 44 28 GWRo

indirect LEACH

(2-1)

Emissiong,ois the NO emissions from croplands (tG&). NO-N,p represents total N input (tN).
Fsn Faw, Fcr represent N inputs from synthetic fertilizers,maai manure and crop residues, respectively
(tN). EF, EFR, EFR are the emission factors for,@® emissions from N inputs, N volatilization, and N
leaching and runoff, respectively (kgO—N/kg N input). GWR,o is the direct GWP of pD at the 100yr
horizon, 298. Frags and Fragacq are fractions of N that are lost through atmosiechéeposition of N
volatilised and leaching or runoff. 44/28 is to eert the emissions from kg.®-N to kg NO gas. Refer
to Table 2-2 for selection of EFFragas, EFR, Fraceach and Ek and subsequent results of &k and
El:lndirect-

Table 2-2 GHG emission factors for N inputs to Chia’s croplands

Data Crop Direct N,O' Indirect NO' Total EF
sources systems EF, EF({COe Fragas EF:  FraGeach ER EF(tCQe (tCOe
(%) tN) (%) (%) (%) tN) tN)
China Rice paddy 0.41 1.92 179 0.01 1.4 0.0075 0.89 2.81
specific Upland field  1.05 4.92 12.9 0.01 9.8 0.0075 0.95 5.87
IPCC Rice paddy 0.30 1.40 10.0 0.01 30.0 0.0075 1.52 2.93
default Upland field 1.00 4.68 10.0 0.01 30.0 0.0075 1.52 6.20

" Direct N,O emission factors are from a study by Gao e2al12) based on 456, emission measurements in China.

" Indirect NO emission factors are obtained from Zhang et2018) based on 397, emission measurements in
China.
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Faw is estimated following Eqn (2-2).

Faw = 2N (- Frac ) Nex«(1- Frag,, ;)
T

Grazing T

TAM
Ne)%’ = Nate(T). 1006 .365 (2'2)

D

N
N. = Days alives
T yS _ € 365

if Days alive< 36¢

Nt is annual average population of livestock T. T desdivestock category. Fragngm) iS the
fraction of grazing population of livestock T (%ex: represents the annual N excretion for livestock
category T (kgN/animal/yr). Fragsm represents the amount of managed manure nitragelivéstock
category T that is lost in the manure managemestesy (%). Ny denotes the default N excretion rate
(kgN/(1000 kg animal mass/day)). TAN& the typical animal mass for livestock categorgkd@/animal).
Days_alive is the average breeding days before slaughtgf, I the annual slaughtered number of
livestock T in average (or use stock number if agerbreeding days exceed a complete year). Selected
default values for parameters in Eqn (2-2) are sarired in Table A in Annex 1.

Fcr is estimated following Egn (2-3).

Fer = Z Fer aq) T Feree)
(2-3)
:ZPd"t.%T'GF{D. N-( FgFU + Rg A((;‘-)i)

Fcr-aci and Rreg represent N input from aboveground and belowgroomg residues (tN). i
denotes the crop type. Pdt is the annual crop ptamu(t). Rir.cris the ratio of straw to grain in terms of
dray matter. N is residue N content (g/kg}z & the proportion of above-ground straw returreedand
(%). Rsc.ac is the ratio of below-ground residue weight to \aground plant weight. Values of
parameters in Eqn (1-3) are mainly obtained frorm &taal. (2011), summarized in Table B, Table C and
Table D in Annex 1.

3.2. A case study of GHG intensity of cereal production

Justification of quantification

Firstly, cereal production accounted for about 4g®&hemical N fertilizer consumption in
agriculture (Heffer, 2009) in the 2000s and wasstthe source of nearly half of croplandON
emissions. Including also rice Gldmissions, cereal production is responsible fouaB/3 GHG
emissions from cropland. Secondly, as discussedeiction 1.2, Chinese national policy
aspirations for agricultural development have tradally concentrated on food security
objectives, with any convergence of production afichate objectives focusing mainly on
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increasing productivity. In the future, low carbagriculture, which is characterized by high
productivity, more efficient use of resources awsv IGHG emissions intensity, should be
considered as a major component of sustainablelajgwent (Norse, 2012). The concept of
GHG intensity (GHGI), expressed as the overall Get@Gissions per unit of product or yield-
scaled GHG emissions, is suggested as a useftitrt@eevaluate nitrogen use efficiency (NUE)
and to help identify mitigation strategies (Chemalet2011; Venterea et al., 2011; Tubiello et al.,
2012). Applying such an indicator can encouragébaianagement practices resulting in higher
crop production per area and reduced N losses &ftal &nissions (van Groenigen et al., 2010).

In this context, the Global Research Alliance onrid&gtural Greenhouse Gases was
launched in December 2009 to help reduce the GH@gocultural production.

FAO (Tubiello et al. 2014) reported that over tlegipd 1961-2010 the world average GHGI
of rice decreased by 49% while that of wheat andzenancreased by 45%, suggesting that
effective mitigation strategies are needed to aehgistainable intensification; i.e. ensuring that
efficiency improvements can lead to reduced absoknissions. Bonesmo et al. (2012)
investigated the GHGI of 95 arable farms in Norwslypwing that increased gross margins in
grain and oilseed production could be achieved w#breasing GHGI. The GHGIs of cereal
production on experimental sites were also qua&dtiin China indicating that economic and
climate benefits can be simultaneously achievesgdmge improved management practices (Shang
et al. 2011; Huang et al. 2013; Ma et al. 2013).

But to date there is no synthetic estimate of curamd historical GHGI of cereal production
on a national, regional or provincial level in ChirSuch investigation will allow the abatement
estimation of certain mitigation measures to befgpered at the provincial level with better
accuracy than a national-scale treatment and is thucial for indentifying efficient regional
mitigation strategies and actions tailored to loaricultural production systems and
management practices. These estimates can alsobfenchmark values or baseline emissions
levels as a premise for integrating agriculture iahy market-based approaches. The regional
results will be presented in the case study sectii@mapter 3.

Methods and data sources

GHGI refers to the climatic impacts of agricultymectices in terms of per unit of production
and is calculated by dividing total GWP-weightedissions from cereal production by crop
yields. Using agro-statistics data, here we proésimates of GHGI for rice, wheat and maize
production on a national scale from 1985 to 20105atear intervals. pD emissions are
accounted for quantifying GHGI of wheat and maizedpction while both CkHand NO are
considered for rice paddies following Eqn (2-4).thdlugh indirect NO emissions via N
deposition and nitrate leaching and runoff couldsigmificant depending on the local conditions
(e.g. Venterea et al. 2011; Maharjan et al. 204dpecially in cases where there is a high rate of
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N application, they were not taken into account ihis study due to high uncertainty. Estimation
of NoO emissions follow the general methodology desdrilve section 3.1 but rest on a per
hectare basis. Method adjustments are describ&dnex 2.

GHG' — FluxNzO( Direc:c) + I:lu)(CH:s(FR)
Yield 5.4
EMISSIONSo, oiecy (2-4)
|:luxNzO( Direct = CA

GHGI is the greenhouse gas intensity of crop prododkgCQeflt). FluXopirecy and Fluxpaer)
represents the J@ flux (from both upland and rice paddies) and,@hix from rice paddies, respectively
(kgCOe/ha). Emissiongopirecyis the direct NO emissions from rice, wheat or maize fields (kg€O
CA denotes relevant cropping area (kha). Referrtnek 2 for detailed treatment of Fl¥pirecty

Agriculture activity data (cropping area, produntioyield, and livestock number) were
extracted from the China Rural Statistical YearlmodMOA, 1986-2013) and the China
Livestock Yearbooks (MOA, 2001-2011). Per hectarepylication rates for individual crops
were collected from the China Agricultural Produ@sest-Benefit Yearbooks (NDRC 2001-
2012), which are the sum of N fertilizer (pure mert) and 30% N fraction in compound and
mixed fertilizers(Sun & Huang, 2012). GiHuxes of rice paddies were direct CH4MOD modeled
results from studies by Zhang et al. (2011). Thetfon of grazing cattle or sheep was the ratio of
total grazing animals (the sum of livestock numbargrazing areas and half-grazing areas) to
the total stock number (MOA 2001-2011). The proportof above-ground straw residues
returned to land in 2006 was derived from resudgort by Gao et al. (2009). The nationwide
ratio of straw retuned to land was reported at %bi2 1999 (Han et al. 2002) and rose to 24.3%
in 2006 (Gao et al., 2009), implying an annual aftencrease of 6.93%. This rate was employed
to estimate the percentage of straw recycled toléard in target years (Table C and Table D in
Annex 1).

Historical trends of national GHGI of cereal prodian

The national average GHGI of rice production in @0dmounted to 933 kgGé't. In
general, CH made up about 90% of total GHG emissions and haxetore the dominant gas in
determining the carbon footprint of rice cultivatioThe national average GHGI of wheat and
maize production in 2010 was 271 kg and 234 kgCe/t, respectively. In general, synthetic
N fertilizer made up at least 70% of total emissi@and was therefore the primary emission
contributor.

Figure 2-3 shows that the national GHGI of ricedurction evolved at a different way to
those of wheat and maize production, and the latisralways been the least carbon intensive of
the three crops. Rice GHGI saw little variation kew 1985 and 2000, which can be explained

54



by nearly the same rate of growth in theGldx, yield as well as the N application rate otles
period. However, when rice yield reached a periquBak in 1998 the CHflux continued to
climb, resulting in a sharp rise in GHGI in thesfidecade of the #Icentury. Wheat and maize
GHGIs had been steadily increasing from 1985 to02€i@ce the growth rate of N application
exceeded the rate of yield improvement. The GH@hbeo stablize or even decrease after 2000
as the combined effects of increasing yields, adetlower rate, and a stabilized synthetic N rate
promoted by the national “Soil testing and fer@lizecommendation program” (MOA, 2005)
initiated in 2005.

Figure 2-3 Historical changes of national average BGI of rice, wheat and maize production
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Source: Results calculated by the author and inorafed in Wang et al. (2015)

4. Building a baseline for future GHG emissions from @Qinese agriculture

This section will present the forecast of futurei@gture activities (section 4.1) including
particularly the use of synthetic N fertilizers anoplands (section 4.2), based on which the
baseline emissions are projected for the agriclsector in 2020 (section 4.3).

4.1. Projection of future agriculture activities

There have been several attempts to project Chimeés-term food production, including
USDA'’s annual Agricultural Projections, OECD -FA@rizultural outlook (2013), and FAPRI's
US and world agricultural outlook, and results bé tChina's Agricultural Policy Simulation
Model (CAPSIM). The results of the CAPSiIM model wahosen to build the baseline emissions
scenario in this research since this model analyzesimpacts of policy changes and other
external factors on China's agricultural producticonsumption, prices and trade (IAASTD,
2009) and therefore provides the most comprehensivé robust predictions of future
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agricultural activities in China. Model output wasovided by the Center for Chinese
Agricultural Policy of the Chinese Academy of Saes.

Table E in Annex 3 presents the past and predictepping area, production and yield as
well as prices of major crops in 2020 based on GKP@odel forecast. The projected total
cereal production of 540 Mt is in line with the 5NEG national objective and the average yield
growth rate of 0.9% per year is consistent with &xpected productivity enhancement. The
OECD-FAO, FAPRI and USDA projections have also ¢oded similar trends: rice production
is going to decline and wheat production will stajatively stable while maize production and
cropping area will see tangible expansion due écsthong demand for maize as animal feed.

Predicted livestock numbers from 2011 onwards @dbl are calculated using relevant
product (meet, milk, eggs) growth rates revealedti®y CAPSIM model assuming per head
production remain constant to 2020 as in 2010 whiehe also the case in the past decade. A
comparative growth rate in animal products is predi for 2010-2020 as during the previous
decade. In general, the CAPSIM output projects érigjrowth rates in animal products than
estimates by OECD-FAO, FAPRI and USDA.

4.2. Projection of N consumption by crop production

Other key factors in setting up the BAU emissionsnario include the forecast of total
synthetic N fertilizer use in agriculture and pectare N rate of various crops. Projecting the
overall agriculture N fertilizer consumption is dleaging because of the significant differences
among various databases as well as difficultiedeitermining a reasonable growth rate for the
target period. For example, China Nitrogen Fesgililndustry Association reported a total of 28.1
Mt N used in agriculture in 2010 (Zhang et al., 201but National Agricultural Yearbook
pointed to 28.9 Mt assuming N fraction of 30% ie tompound and mixed fertilizers while FAO
reported 35.1 Mt and IFADATA 32.6 Mt in the samypear. In this study, the IFA data was
employed since summing up the N use of each crepHectare N rates multiplied by cropping
area) is closest to 32.6 Mt. In the future, the aetdhfor agricultural N fertilizer in China will
continue to grow but will slow down at an annuaéraf 1-2% (FDCNCIC, 2011; Good & Beatty,
2011; Zhang et al., 2013) compared to over a 2%ease each year from 2000 to 2010. At a
conservative 1% annual increment over 2010-202@a&hidemand for N fertilizer in agriculture
would reach 37 MtN by 2020 (Table 2-3).

Per hectare N application rates of various crope\weojected based on linear extrapolation
of historical N rates collected from the China Agitural Products Cost-Benefit Yearbooks
(NDRC, 1998-2013) (Table 2-3), but growth ratesrioe, wheat, maize, greenhouse vegetable,
openfield vegetable and fruit from 2010 to 2020 evassumed less than half of those during
2005-2010. These results are reasonable since amahgis on historical evolution of GHGI of
cereal production indicate the stablizing or desirggtrend of GHGI - yield improvement should

56



outpace the additional N inputs into croplandsaddition, the BAU estimates accommodates the
national target of improving fertilizer use effinigy by 3% since crop-wide PRises to 45.7 in
2015 and 47 in 2020 from 40.9 in 2010, and are=tbes sound from the political perspective.

Table 2-3 Total N fertilizer use in agriculture andnational average application rate

2005 2010 2015 2020

National total N fertilize!

use (kt) 29,761 32,599 35,172 36,967
N fertilizer rate(kg/ha) % of total N consurigpt

2005 2010 2015 2020 2005 2010 2015 2020
Rice 190 187 182 177 18.4% 17.2% 13.8% 12.3%
Wheat 189 209 219 238 14.5% 15.6% 14.2% 14.2%
Maize 186 208 211 221 16.5% 20.7% 20.4% 21.2%
Soybean 49 54 53 53 16% 14% 1.3% 1.2%
Cotton 235 246 237 237 40% 3.7% 3.4% 3.3%
Qils 116 125 123 123 5.6% 53% 5.0% 4.9%
Sugar 256 347 322 322 1.3% 2.0% 1.6% 1.6%
Total vegetable 298 368 335 336 17.7% 21.5% 18.2% 17.3%
Greenhouse vegetable 581 719 655 656
Openfield vegetabfe 232 288 262 262
Fruit® 357 492 507 565 11.4% 16.5% 15.9% 16.8%

"N fertilizer application rates of different cropsse collected from the China Agricultural Produ€isst-Benefit
Yearbooks (NDRC, 1998-2013), and we adopted Nifvaatf 30% in the reported compound and mixed Ifeetis
(Sun and Huang, 2012).

"Extrapolation of future N fertilizer rates were bdodn 2005-2011 data for rice, wheat and maiz@98-2011 data
for fruits and vegetables, and average of 2006-2{2ta for other crops.

* According to survey results (Chadwick et al., 20ZBang et al., 2013), N application rate for giesuse
vegetables is generally about 2-3 times as thabgenfield vegetables (here we assume 2.5 times).

¥ Due to lack of data for other fruits, we used ageréertilizer rate of apple, mandarin and orangeejoresent
general fruits.

Source: Author’s calculation

Pertinent projection of per hectare synthetic Nliappon is vital since it not only determines
the trajectory of baseline emissions from croplaativities, but also constitutes the starting point
for quantifying the abatement potential of croplanidigation measures. Out results (Table 2-3)
show that N rates for rice and vegetable productidhdecrease from 2010 onwards, but those
for wheat, maize and fruit production will continteegrow, albeit at a less significant rate. For
comparison, several field surveys and the IFA maion (Heffer, 2009) reported similar results
on the N application rates for different crops.r Esample, a large-scale survey (Zhang et al.,
2013) conducted in 2009 reported N applicationsrae 209, 197, 231, 383 and 550 for rice,
wheat, maize, vegetable and fruits, respectivelyichvslightly exceed out results. In short, our
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baseline as well as mitigation estimations coultésathe requirement of being conservative to
avoid overestimation.

4.3. Results of business as usual scenario emissionsnfragriculture

Forecasting BO emissions from Chinese cropland followed the gEnenethodology
described in section 3.1combining the emissiomofadn Table 2-2 and N use predicts in section
4.2. CH,emissions from rice paddies were directly citearfrprediction results using CH4MOD
model (Zhang et al., 2011) adjusted for rice crogpmrea in 2020. For reference, the approach
for estimating emissions from the livestock seaatescribed in Annex 4.

The integrated results of both cropland and livasteectors are illustrated in Figure 2-4.
GHG emissions from Chinese agriculture under trselo@e will continue to increase from both
crop fields and livestock in the near decade tahel95 MtCQe in 2020, a 29% growth from
2010 levels. This increase is mainly driven by gfovwn livestock-related emissions (47%
increase from 2010 to 2020). Cropland GHG emissame predicted to be 422 Mt gOn 2020,
which is 4.7% higher than the 2010 levels. Suchdsecorrespond to the ongoing change in
peoples’ diets for more animal and dairy products.

Within the cropland sector, & emissions see a significant growth by 18.5% betw2010
and 2020 resulted from increasing synthetic N Ifeeti application while a declining trend is
observed for Cllemissions from rice paddies due to improved waginmes.

The Second National GHG Inventory reported 208 M#gE&missions in 2005 from cropland
(N2O) and 143 MtC@e from rice paddies (CH excluding CHemissions from winter-flooded
paddy fields, using 310 and 21 as the GWP £ ldnd CH(NCCC, 2012). Our estimates of 188
MtCO.e N,O emissions and 164 MtG® CH;emissions are therefore comparable to these figure
and the differences are due to different GWPs used.

Defining a robust BAU scenario is crucial sincasitthe basis for evaluating the overall
technical and economic mitigation potentials thauld be mobilized from the Chinese
agriculture. This BAU scenario provides a broadneavork under which a specific baseline will
also be defined for each mitigation measure agarhath the abatement potential and subsequent
implementation cost is quantified. This study addpa dynamic baseline anticipating future
changes in agriculture production while a statignlaaseline could also be used. The French
MACC study adopted a static baseline referringniassions of the 2010 although the mitigation
potential is evaluated to 2030 since no projecigaavailable encompassing the elements required
and relying on existing data has the advantageimimzing research uncertainty (Pellerin et al.,
2013). In other studies, baseline scenarios aralyneonstructed on projected level of agriculture
production, e.g. the UK MACC exercise did not omhfegrate general agricultural policy

58



commitments already put in place, but also acconateatl assumptions about some policy
reforms under discussion (Moran et al., 2011).

Figure 2-4 Baseline GHG emissions from Chinese agtilture to 2020
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Note: BAU agriculture overall emissions = BAU livesk emissions+ BAU cropland GHG emissions; BAU
cropland GHG emissions = Cropland@Nemissions + Rice Giemissions

Source: Author’s calculation

5. Conclusion

In general, the derivation of an accurate baselnenportant to the whole exercise of
defining an efficient mitigation target. And in tlsase of this study, the mitigation potential and
implementation cost of each measure needs to batified relative to a projected level of
agricultural production activities and practicése thoice of baseline is therefore crucial to the
robustness of the PhD research outcome. Considénmgchangeable agriculture production
environment in China, a dynamic baseline is adopitedthis study, but may lead to
overestimation or underestimation of the actualtebhant potential as well as the baseline
emissions.

This chapter was therefore structured around tlyeokgective of building a robust baseline
for future GHG emissions from the Chinese agrigeltunder the BAU situation. As such, the
core tasks are to identify an emission calculationvention and to forecast of future agriculture
activities that reflect current agriculture devetggt trends and incorporate government’'s core
policies, among which national food security is owlotedly the top priority. This supply
prioritized policy leads to the continuous increasagriculture GHG emissions in China by 29%
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in 2020 relative to the 2010 levels, primarily m@nm@m the livestock sector (emission growth by
47%) than from crop production (emission growth 4y9%). The baseline emissions are
guantified based on an investigation of emissiamras and estimation approach adopted in the
national inventories, particularly focusing on tadsr cropland RO emissions and rice paddy
CH,4 emissions in this PhD research. A special attarnisogiven to the GHG intensity of cereal
production justified by the double challenges taimize agriculture’s climate impacts and
maintain land productivities in China. GHGI evoartishowed stabilization or even decreasing
trends at the national scale.

Having a baseline emission scenario built for adtice that would have prevailed without
mitigation incentives or additional abatement measuwe would now like to question if there
are opportunities to slow down the emissions grawtbven bend the emissions curve downward
without negative effects on productivity. And, whi@re the possible measures that could
contribute to the mitigation efforts and their relat abatement effectiveness? Responding to
these questions leads us to the investigation eftebhnical mitigation potential from Chinese
agriculture in chapter 3.
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Chapter 3 - Technical mitigation potential in China’s
croplands

Chapter 1 and chapter 2 illustrate the importari@gaculture GHG emissions in China and
the significance of integrating agriculture intoetmational mitigation strategies. In fact,
agriculture itself is part of the solution to taekglobal warming since it offers substantial
technical potential to mitigate climate change tigto both emissions reduction and carbon
sequestration in terrestrial ecosystems (e.g. Oaretral., 2001; IPCC, 2007; Smith et al., 2008,
2013). Technically feasible GHG mitigation measuagplicable in both arable and livestock
systems can be broadly grouped into five categoregeased NUE in croplands to avoid
excessive BD emissions, better management to limit,@hhissions from livestock rumen and
rice paddy, sequestering C into cultivated and daasl soils, and energy efficiency to reduce
CO, emissions.

Using a bottom-up approach to estimate the mitigagfotential in agriculture, this chapter
will first screen the mitigation measures applieabb the Chinese agriculture conditions and
examine their effectiveness in reducing GHG emissiand/or enhancing carbon sequestration,
i.e. the per area potential of each measure tgatitin GHG emissions beyond the baseline
activities identified in chapter 2 (section 1). Thesults on per hectare abatement rates will be
combined with the additional area available for swea implementation to conclude the
mitigation potential of each measure, which will &#ggregated to generate the value for the
whole sector (section 2). Akin to the analysis &f@& of cereal production in chapter 2, a special
focus is given to N-use related measures in ceremluction and their regional variations are
analyzed (section 3). Section 4 draws a conclusiehfosters next-step research.
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1. Mitigation measures and abatement rates

1.1. Selection of mitigation measures

A review of the literature (Oenema et al., 200Ind&et al., 2004; IPCC, 2007; Beach et al.,
2008; Smith et al., 2008; Moran et al., 2011; URER013) reveals that there is an extensive list
of technically possible measures for mitigating GHK@issions from agriculture production
activities. Based on these international as wetitasr national studies, an initial list (Table 3-1
of 16 cropland abatement measures was drawn upathadar to be applicable to China’s
agricultural and land use conditions. It should fmed that Table 3-1 does not provide an
exhaustive list of abatement measures and thest ettier options that may have potential to
mitigate GHG emissions but were not taken into antdo give focus on major mitigation
opportunities arising from croplands.

Table 3-1 Initial list of crops/soils measures andeasons for inclusion/exclusion

Measure

Brief description

Include? Exclusion reason

Avoid excessive use of
synthetic N fertilizer

Improved timing of N
application

Subsurface placement of N
fertilizers

Replace part of ammonium-
based fertilizers with nitrate-
based fertilizers when
appropriate

Further reduce N fertilizers

Improved irrigation systems
in uplands

More efficient recycling of
organic manure

Conservation tillage

Straw residues retention in
lands

Biochar addition

Addition of nitrification or
urease inhibitors in N
fertilizers

Reduce gross N rates since over-application ofrilifers
above agronomically sound and environmentally s#esi
recommendations is common in China.

Adjust N fertilizer application timing — less atveiog and
planting stage, more during growth season to aehéehetter
match in nutrient demand and supply.

Use appropriate machinery to deep place fertilizestead of

surface application to decrease ammonia loss amddae
NUE.

In places where denitrification dominantgONgeneration can
help minimize NO emissions and ammonia loss.

Reduce N rate belogonemendation level to trigger more
emission reductions.

Promote fertiligation (e.g. drip irrigation, sparkgation
together with soluble fertilizers) to save cost andid
emissions.
Increase animal manure amendment to soils to reglact of
synthetic N fertilizers.

Reduce tillage and soil disaimce to a minimum extent.

Returning crop residues back to croplands instéau situ
burning or moving-out.

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Biochar application decreasg® Emissions and improves soilYes

quality.

Inhibits the process of nitrification to reduceraie leaching
and NO emissions,

Yes

Negatively affect
food production
targets.

But not applicable
to rice paddies.

But not applicable
to rice paddies.
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Table 3-1 Initial list of crops/soils measures andeasons for inclusion/exclusion (continued)

Measure Brief description Include? Exclusion reason
Controlled- and slow-release Fertilizers physically altered (e.g. coated urgajtemically Yes
fertilizers amended with additives that reduce the transfoonatite of

fertilizer compounds, resulting in an extended twhautrient
availability in the soil and therefore better matgth crops’
demand for nutrients.
Improved water regime in Practice intermittent irrigation which will causeagerobic and Yes
rice paddies aerobic cycling to significantly reduce GEmissions during
rice growing season.

Integrated rice-duck/fish Kind of organic farming methods that use ducks’ groentto  No Limited
farming system control the plant disease, pests and weeds angbiseroth the application.
production and income. Studies also show th& Bnd CH
emissions can be largely decreased.

Increase cover crops Use cover crops to slow soil and water erosiompyawve soil No Limited additional
(including leguminous plants) quality and enhance nutrient and moisture avaitgbil application.
Improved crop varieties Genetically enhancing tifieciveness of nutrient utilization No Complex to

by plants to enable the reduction of fertilizers. analyze the effects.

Source: Author

Selecting appropriate abatement options is thé &rsl essential step to investigate the
overall mitigation potential from the crops andIsaub-sector. This exercise is challenging
because of the large number of possible abatemeasunes and the fact that the effectiveness of
some measures depend on interactions with otheraddiress these issues, the range of measures
in Table 3-1 should be reduced to a manageable aurfap further analysis and sub-sector
measures need to be consolidated to highlight nrajogation effects. Measure screening and
consolidation was carried out based on the follgwanteria and principles.

(a) Acceptance. Measures likely to harm yields werduglerl to be consistent with the
national food security priority. For example, fuethreduction of N rates below the
recommended level for optimum productivity will nbe acceptable for its adverse
effects on food production.

(b) Applicability. Measures with limited applicabilitgt the national level due to technical,
political or social barriers, were eliminated, ergce-duck/fish integrated farming
systems.

(c) Mitigation effects. Measures currently being preeti but increasing overall GHG
emissions were removed, e.g. net GWP-weighted e@nsd$rom direct straw return to
rice paddies tend to be positive since the inckaSel, emissions triggered by
additional crop residue exceed the carbon seqtiestrgains in paddy fields.

(d) Needs for consolidation. Some detailed sub-secteasures or technically similar
measures were aggregated to account for measwrgdhbns, e.g. water regimes
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should generally be coupled with fertilizer managampractices in rice paddies.
Another example is the consolidation of techniqueproving N application time,
method and products under the broad category oM\bértilizer management practices,
but distinguished between cereal crops and cagiscro

(e) Current availability. Measures that are still ire tearly research state and technically
complex to distinct the absolute effects on emissavoidance: e.g. improving crop
varieties with higher NUE.

Following the eligibility criteria and consolidatioprinciples, we identified 9 mitigation
measures in the arable land sector for in-deptlestigation. Measure descriptions and target
crops are presented in Table 3-2. In parallel,research team also carried out similar work for
the livestock and grassland sector; selected messue described in Table G in Annex 4. It is
worth noting that Table 3-2 should not be consideas operational guidelines for measure
implementation due to the biological complexity aedional variations of agricultural systems;
rather we intend to set clear objectives to beeadd and point out which actions could be
potentially carried out. For example, we suggest kmds of sub-actions to achieve an optimal
NUE in wheat and maize production: applying a greptoportion of N fertilizers at later growth
stages and fertilizer deep placeméntpractice, the two kinds of sub-actions couldadepted
independently or in combination and detailed immatation techniques should be fine-tuned to
accommodate local circumstances.
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Table 3-2 Description of selected crops/soils mitigion measures and target crops

No. Measure Explanations Target crops

C1l Fertilizer best management Reduce gross overuse of N fertilizers amount. Weeggonal optimal PR§* (Partial Factor Productivity of N Rice, wheat,
practices - Right rate fertilizer) derived from scientific fertilizatiorecommendations (Zhang et al., 2009) as the indi¢atdertilizer maize,

efficiency improvement objectives. This measurésdalr a direct reduction in N fertilizer use fagrtain crops in vegetable, fruit
targeted provinces to raise regional RE®70% of the optimal levels (Table 3-6).

C2 Fertilizer best management This strategy suggests postponing N fertilizer tatar stage of wheat and maize growth with prdfgrawo top- Wheat, maize
practices (Wheat &Maize) - dressings compared to the current one top-dregsaadice, and popularizing fertilizer deep placetrignusing
Right time and right appropriate machines for maize top-dressing, ildadoreach optimal PRRor optimum N management) by
placement increasing yield and reducing N losses and furtleereasing N rate (Table 3-6).

C3 Fertilizer and water best  Split the total amount of N fertilizers into at #ahree applications for basal fertilization, gdillering, panicle Rice
management in rice paddiesinitiation and heading stages; and shift from medson drainage (F-D-F) to intermittent irrigatién¥-F-M) that

accelerates anaerobic—aerobic cycling.

C4 Fertilizer best management Promote fertiligation (e.g. drip irrigation togetheith soluble fertilizers) for vegetables and oatto save both Cotton,
practices (cash crops) - fertilizer and irrigation inputs. As to fruits, cwalling N rate and adjusting fertilization periodee essential to vegetable, fruit
Right products, right time  achieve sustainable fruit production. In additimplacing part of ammonium-based fertilizers wiiinate-based
and right placement products can also contribute to minimizingdNemissions and enhancing productivity.

C5 Enhanced-efficiency Use fertilizers added with nitrification inhibito¢sll) and/or urease inhibitors (Ul) and slow- amshtrolled- All crops,
fertilizers fertilizers to reduce pO emissions. vegetable, fruit

C6 More efficient recycling of The general objective is to increase animal maaaorendment to soils to supply 30% of crop N nutsetfgmand and All crops, open
organic manure 50% of vegetables and fruit. Efficient recyclingasfimal manure should be in form of composed maaure field vegetable,

biodigester residues to replace part of synthetierhlizers. fruit

C7 Conservation tillage for Conservation tillage (CT) is a series of agricwdtyractices aiming to reduce tillage and soilutisance to a Wheat, maize
upland crops minimum extent with at least 30% of residues inooaped into soil to increase soil carbon contentgland cropping

systems.

C8 Straw return in upland crops Returning strawesidue back to field is considered a stand-alamaifig practice in China which only involves  Wheat, maize
changes in straw management compared with CT meabhis technique is an important way to improvié so
fertility and soil physical properties if propetilored to different cropping systems and locairfiag practices.

C9 Biochar addition Application of biochar produaeith crop straw pyrolysis can significantly decsedyO emissions and improve soil Rice, wheat,

prosperities to enhance yields.

maize

" PFR,-Partial Factor Productivity of N fertilizer is amdicator of NUE, measured by the grain yield penput (kg/kgN)
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1.2. Estimation of abatement rates of mitigation measure

Estimation methods using meta-analysis

A measure’s abatement rate is defined as the pea amission savings and/or C
sequestration amounts achieved by implementing nieasure compared to a conventional
practice under the baseline and is expressed agaGr.

Existing research, both at the global and natistwdle, has examined and quantified
technical abatement potentials for some agricultnitggation measures (Lin et al., 2005; IPCC
2007b; Smith et al., 2008; Lu et al., 2009; Huand &ang, 2010; Moran et al., 2011; US EPA,
2013). However, mitigation results concluded frdrage studies are not sufficient to construct a
rigorous abatement scenario specifically dedicatethe Chinese agriculture for two reasons.
Firstly, international research on the global scetelld not fully reflect the specificities of
Chinese agriculture systems and soil and managetoaxitions. These specificities include the
predominance of much smaller farms, higher reliaarc@uman labors for crop production and in
general lower soil fertility than in developed ctigs, where most of the international
assessments are conducted.

Secondly, mitigation measures identified in ourdgtare not completely identical to those
included in these literatures. This raises the rnfeech comprehensive national-scale analysis
which should be based on findings from a sufficianmber of domestic studies to generate
reliable weighted average value for each measums.i¥ possible since many experimental trails
on mitigation effects have been carried out acfisma and therefore enabled a meta-analysis
exercise to be performed. Meta-analysis is thealisgtatistical methods to combine results of
independent studies and allows us to make theusestf all the information gathered.

Based on data from over 400 experimental studie€hima, our research partner led a
weighted meta-analysis exercise (Nayak et al., PQdihg MetaWin software (Rosenberg, 2000),
under which mean effect size was calculated withh @onfidence interval. If crop-specific data
was available, technical abatement potential watuated for each crop targeted by a mitigation
measure, which were then weighted to derive theagee abatement rate for the mitigation
measure. Two assumptions and clarifications ardeteé understand the meta-analysis results
and subsequent analysis. Firstly, only emissionkimvihe farm gate were captured in the whole
study and wider life-cycle impacts of the measwvese not within the scope of this exercise. For
example, the abatement results do not include @samgy CQ emissions generated from the
manufacture and transport of fertilizers or on-faemergy use. Secondly, since mitigation
measures adopted to reduce emissions of one GHGsaaetimes result in corresponding
changes in emissions of a non-target gas or SO@mpmwe evaluated the collective effects on
SOC and MO and CHemissions of introducing each abatement measutiestghe controlled
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treatments in experiment design. The abatementwaseexpressed therefore as GWP-weighted
tCOe/ha. We should also note that most of the seqiesir measures are estimated to be
effective for 15 to 30 years since the carbon simkmsild saturate after a period of time
(Sundermeier et al., 2011). This issue was notesdad given the short time span of 2010-2020
of this study, but should be taken into accountidager time horizon research.

Adjustment of meta-analysis results

Data used for meta-analysis were extracted frond fexperiment studies which are
purposely designed to test the effects of mitigataxtion(s) against the controlled group.
However, the controlled treatments don’t necessaspresent common farming practices or
baseline conditions identified in section 4 of dea®, adjustments of original meta-analysis
results are therefore needed to better accommadtal situations and partially internalize
measure interactions (more detail in section 1.3).

Since agriculture systems and land use conditiores sdomistic, heterogeneous and
regionally diverse, the differences of measure exhant effects among different regions may
introduce errors into the potential assessments@quently, in theory the smaller the geographic
units the research is based on, the more accuratmiitigation results would be. However, data
availability only enables the abatement rates cdisuees C1 and C2 for rice, wheat and maize to
be quantified on the provincial level, while thasfeother measures were generally countrywide
estimates.

For measures C1, C2, C3 and C4 which exclusivelyantially target synthetic N fertilizer
use, the MO abatement potential stemming from direct N cus vestimated based on the
relationship between N fertilizer reduction andgONemissions reduction drawn from site
experiments (Figure 3-4). Potential estimation ebsure C1-C4 will be thoroughly elaborated in
section 3. Drip-irrigation has been proven to bpraminent technology in improving cotton
yields and reducing fertilizer and irrigation inputand was therefore considered the dominant
mitigation technique in cotton production. Sincethbdigh-efficiency irrigation systems and
replacement of ammonia-based fertilizers with tetisased fertilizers are able to lowegON
emissions by at least 50% (SAIN, 2012) with samellef N rates, i.e. halving emission factors,
this part of mitigation potential was also quasetifiin addition to emission reduction related to
direct N rate decrease.

Measure C3 integrates fertilizer and water bestagament practices in rice paddies and
therefore internal interaction between reducingpgli@ation rate and improving water regimes
needs to be addressed. It is generally recognizaidanaerobic—aerobic cycling or intermittent
irrigation can stimulate O emission from paddy field (Huang et al., 2007y al., 2007;
Yang et al., 2012) while synthetic N rate is nohgidered a major factor affecting rice £H
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emissions (IPCC, 2006). Indeed, meta-analysis tesadicate that shifting from mid-season
drainage (F-D-F) to intermittent irrigation (F-DMNF} regime avoids Cld emissions by 1.781
COse/ha but increases,@@ emissions by 0.525 G&ha, resulting in an overall potential of 1.256
CO.e/ha. As the effects of water regime change o® Mmissions were already taken into
account in meta-analysis exercise, the abateméatofameasure C3 (1.337 G&ha) can be
approximated as the sum of potential from indivicacions — water regime improvement (1.256
COse/ha) and reduced N fertilizer rate (0.081,€/0a).

Owing to limited dataset for a China specific matelysis, estimates of abatement rate from
using enhanced efficiency fertilizers (measure @&)e based on the global meta-analysis results
(Akiyama et al., 2010) suggesting addition of Nigea Inhibitors (NIs) can reduce® by 34%
in upland fields and 30% in rice paddies on averagenpared with those of conventional
fertilizers.

Meta-analysis results indicate that combined appbo of organic manure with chemical N
fertilizer (measure C6) is able to sequester 1435,e per hectare per year and but increases
N>O emissions by 75% in uplands compared to applicadf chemical fertilizer alone. In case of
rice paddies, ClHemissions also increase with the addition of oigamanure and the overall
abatement rate stands at 0.842 1©B€yr. These meta-analysis results were discountedusec
in practice organic manure has already been apphiextoplands opposed to the zero organic
manure arrangement under controlled experimentsoing to Zhang et al. (2013) and Huang
& Tang (2010), organic manure currently suppliedwt®%-12% of total N input for grain crops.
Chadwick et al. (2013) indicated that for greenleousgetables >50% of the N nutrients supply
came from organic manures, and for open field \&ges and fruit manure supplied ca. 33% and
20% of the total N nutrients, respectively. Typitatilization recommendations suggest organic
manure providing 30% of N nutrients to crops an#30 fruits and vegetables. The gap between
optimal use and baseline use of organic manuresoffee room for mitigation potential. The
average abatement rate for wheat and maize weeaded to other upland crops due to lack of
data. Net emissions of adding manure to rice padehe estimated under intermittent irrigation
regime (F-D-F-M). Another point needs to be highteyl is that organic manure applied in
combination with synthetic fertilizers should beeyipusly composted/fermented or be biogas
residues since incomposted manure could increasee@idsions by over 100% in rice paddies
while by only 30-40% when treated.

Direct meta-analysis outputs were used for conservaillage (measure C7) and straw
retention (measure C8) without additional treatm@&mtictice of conservation tillage in upland
cropping systems increased SOC content signifigatth rate of 0.915 t G&halyr. However,
N.O emissions also increased by 46% compared to otiomal tillage, offsetting part of C
sequestration gains and leading to an overall feahmitigation rate of 0.611 tC® halyr. In the
same vein, the abatement rate of straw residuesti@n (0.263 tCge/halyr) compared to
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farmlands with only chemical fertilizer applicati®also inferior to the rate of C sequestration at
0.294 tCQe/ halyr.

Application of biochar (measure C9) produced witbpcstraw pyrolysis could increase
annual C sequestration by 17% (i.e.6.47 tC/ha) ewetpto controlled plots; however this value
is based on very few short-term experiments andrmbgimum duration of experiment was 2
years. Because of lack of data on long term effettsiochar application on SOC, the current
abatement rate estimation did not include the piate@0O, removal benefits and only accounted
the decrease inJ® emissions in uplands by 40% and in rice paddyeSd8 from global meta-
analysis results (Pan, 2012).

Results of abatement rate of mitigation measures

The mitigative effects on each gas and stand-atdraement rates of cropland mitigation
measures are presented in Table 3-3. For refersimoiar information for the livestock sector is
illustrated in Table H in Annex 4. While C1, C2, @dd C5 target exclusively,® emissions as
synthetic N-use related measures, the main abateroetribution of measure C3 originates from
avoidance of Chlemissions. Application of more organic manure (snea C6) and agricultural
management practices (conservation till C7 andwstegention C8) all trigger increases in\
emissions, but such negative impacts could be aleed by higher C sequestration potential.
Consequently, these measures could be regardaetpastant mitigation options.

Table 3-3 Mitigative effects and stand-alone abateemt rates of cropland mitigation measures

Mitigative effects Stand alone abatement rate (t€Ma)
Other

Measure upland Greenhouse Openfield
No. N,O CH, SOC Rice Wheat Maize crops vegetable vegetable Fruit Average
Cc1 + 0.075 0.351 0.406 1.225 0.505 1.266 0.412
C2 + 0.19 0.208 0.201
C3 - + 1.337 1.337
C4 + (C%ggg) 1.376 0.829 1.827 1.219
C5 + 0.127 0.273  0.256 0.274 0.667 0.369 0.616 0.271
Cc6 - - + 0.460 0.689 0.574 0.631 0.227 0.462  0.596
Cc7 - + 0.611 0.611 0.611
cs - + 0.263 0.263 0.263
C9 + + 0.187 0.364 0.342 0.329

Notes: + denotes reduced emissions or enhanced/atfpositive mitigative effect)
- denotes increased emissions or suppdaemoval (negative mitigative effect)
Here CH emissions increase is only applied to rice paddies

Source: Author’s calculation incorporated in Wagigal. (2014)
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For arable land, average abatement rates rangedr2@i tCQe/ha from better application
time and methods to further reduce N rate in whedtmaize fields, to 1.337 tG&ha delivered
by improved fertilization and irrigation regimes tice paddies. Higher per hectare abatement
benefits can generally be achieved from cash ctbpa cereals in implementing the same
mitigation practice. This is because synthetic rage and misuse is more prevalent in fruits
and vegetables than cereal crops (Zhang et al2adGis well as the natural higher demand for N
fertilizers of higher-value cash crops. Howeveis ttloes not apply to measure C5 on organic
manure since organic manure has already been wigkelgl in fruit and vegetable fields but not
popularized in cereal croplands. Among the threenramps, rice paddies offer lowest per area
N.O abatement potential since the overall emissiatofadfor NbO emissions from N inputs for
paddy fields is less than half of that for uplaiable 2-2).

1.3. Treatment of measure interactions

Effects of measure interactions

An important feature of mitigation in agriculture that an abatement measure is usually not
applied on its own, i.e. stand alone, but ratherombination with other measures. In other words,
on the same piece of land more than one abateneagure are very likely to be adopted but the
integrated mitigation potential is rarely the surh tbe potential of individual measures
implemented independently because agriculturaViéie involve complex biological processes.
As a result of measure interactions, implementadiba mitigation action is likely to modify the
efficacy or the baseline of another. For exampjingal addition of organic manure in uplands
will largely reduce the room for further SOC incremh from crop residues retention. In addition,
the effect on the overall mitigation potential eking into account measure interactions also
depends on the order in which the measures areeingpited. For instance, it is technically
meaningless to adopt straw addition in uplands @hmmservation tillage has already been
introduced since by definition the latter requiagdeast 30% of crop residues being incorporated
to soils. It is therefore essential to accounttf@se technical interactions to the maximum extent
possible to avoid “double counting”. The Frenchiagture MACC (Pellerin et al., 2013)
analysis shows that inclusion of measure interastitecreases the annual cumulative mitigation
potential by 8-18% depending on calculation methods

Methodologies on how to address measure interactoa explicitly stated in international
literature on agriculture MACCs construction. Invd®ping the MACC for UK agriculture,
Moran et al. (2011) used a simple interaction fa¢tb) to express the extent to which the
efficacy of a measure is reduced (or in some caseseased). Each time a measure is
implemented, the abatement rates of all the remg@imeasures are recalculated by multiplying
them by the appropriate IF. Regarding the Frendhicature MACC (Pellerin et al., 2013)
interactions between sub-actions within an actia@renfirstly taken into account followed by
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considerations on interactions between actiongjnaisg that actions affecting crop rotation are
implemented in priority. The baseline (e.g. avdéahreas and changed N rates) for remaining
actions to be introduced is also reevaluated gawh after an action is adopted according to pre-
defined criteria. Among sub-actions, the quantifyndneral fertilizers applied to each crop
decreases successively after adjustment of pradhyctargets, inclusion of organic N inputs,
removing or postponing the base fertilization,adurction of nitrification inhibitors, and finally a
better localization of fertilizers. The Irish agritire MACC also accounted for abatement
measure interactions which were explicitly statadthe methodological description of each
individual measure (Schulte et al., 2012). For examthe abatement potential for reducing N
fertilizer rate has accounted for the reductiore@f in N fertilizer use of improved manure
management.

Treatment of measure interactions in this research

In this study, possible measure interactions weddressed in three steps. In the first place,
aggregation of sub-actions into integrated mitmatmeasures has patrtially internalized some
interactions. For example, practices such as adgudertilizer application time, integrated
irrigation and fertilization system as well as sibf N products are likely to overlap in terms of
application areas, but objective-oriented measggremation offers farmers the flexibility to
choose the most appropriate (combination of) astionachieve the highest NUE. Treatment of
measures interaction in the livestock sector islesd in Annex 4.

Secondly, the defined mitigation measures were #ssigned implementation orders based
on their relative importance. Considering the sesiproblem of N overuse in China, reduction of
total fertilizer N amount (measure C1) is given popority, followed by better application time,
method and product to further address the lowiefiity of N use in China (measure C2 and C4).
Special attention is dedicated to water managemsgimes limiting emissions of GHrom rice
paddies which is the dominant GHG (measure C3)erA@iapitalizing the full potential of
lowering chemical N rate, naturally the next-stegd deliberate on ways to enhance fertilizers
efficiency (measure C5) and alternative types ahput that are more beneficial to soil quality
and productivity (measure C6 on organic manure @adon biochar). In the meantime, better
land management (measure C7) and crop residuesgeraeat (measure C8) are encouraged to
form integrated soil-crop management systems. isirggard, the N rate levels lowered by one
measure serve as the basis for estimating abateateatof subsequent measures. For example, if
measure C1 and C2 allow N application rates toeadsg from 300 kg/ha to 200 kg/ha, the
mitigation effect of adding nitrification inhibiter(measure C5) will be evaluated based on the N
rate of 200 kg/ha to avoid overestimation. The ptgd of adding organic manure to rice paddies
(measure C6) was quantified under the intermitteater regime (F-D-F-M) realized through
measure C3.
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Finally, land and straw residues management pexctgenerally don’t interact with N
fertilizer related options. However, adjustmentsreéi®d to be made to accommodate potential
overlapping application of measures with similagieefs (e.g. organic manure and biochar) or
subordinating relationships (e.g. conservatioad# and straw returning). Further, the efficacy of
increasing organic manure to lands will be discednivhen applied jointly with conservation
tillage or straw returning, all of which achievetigation through carbon sequestration in soils.
We therefore assigned an interaction factor (b8heé stand-alone abatement rates of the three
measures (C6, C7 and C8) on wheat and maize afeasexample, abatement potential of
adopting conservation tillage was discounted fro@il0 to 0.489 Cee/ha. We assumed that
measure interactions shall not affect the impleatgm costs of measures.

2. Which technical potential can be realized from Chiese croplands?

2.1. Measure adoption additional to the baseline scenaui

Apart from the abatement rate, information on tldelitonal area (over and above the
baseline area) that the measure could be applie$ @so required to calculate the total
mitigation potential for each measure in the gitieme horizon. It is important to emphasize the
additionality of measure application compared td.Bé baseline activities.

In this study, we aim to identify the maximum maigpn potential as the upper limit that
would result from the technically feasible leveloéasure implementation, despite that the actual
mitigation extent depends on behavioral, politieald market constraints measure adoption.
Measure uptake under the BAU scenario (Table 3wla3 derived with reference to either
relevant policy targets or historical trends; thosgler the maximum abatement scenario were
identified based on expert judgment, scientifierbture as well as applicability of the specific
measure. For reference, livestock measure uptalleruhe BAU and abatement scenarios is
summarized in Table | in Annex 4.

Crop and soil measures C1, C2 and C4 were assumbd aipplicable in provinces and
municipalities with lower NUE than the specific dat levels in each jurisdiction (Table 3-6).
Historical changes in water regime patterns in peeldies (measure C3) referred to results
reported by Zou et al. (2009) and Zhang et al. {20Baseline extension areas of high-efficient
irrigation systems (C4), conservation tillage (@ay straw returning (C8) correspond to explicit
targets set in the National Agricultural Water-SavOutline (2012-2020) (State Council, 2012b),
the National Agriculture Mechanization ExtensiorarPl(2011-2015) (MOA, 2011), and the
Implementation Plan on the Comprehensive Use op Gtwaw during the 12th Five-Year Plan
Period (NDRC, 2011a).
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Table 3-4 Measure adoption under baseline and abatnent scenarios

Measure Historical or current adoption Baseline adoptior2@20 Maximum feasible adoption in 2020 Referemresxplanation
No.
C1 Apply to 39% rice, 44% wheat, 55% maize, 100% gheese veg., 50% See Table 3-6 measure C1
openfield veg. and 70% fruit fields.
Cc2 Apply to 100% wheat and maize cropping areas. SddeT3-6 measure C2
C3 Areas under F, F-D-F, F-D-F-M Areas under F, F-D-F, F-D-F-M Areas under F, F-D-F, F-D-F-M Zou et al. (2009)
regimes were 16%, 77%, 7% in regimes are 8%, 76%, 16%. regimes are 8%, 0%, 92% Zhang et al. (2011)
1980s and 12%, 76%, 12% in
1990s.
Cc4 Apply to 50% of cotton, greenhouseApply to 100% cotton, greenhouse an&ee Table 3-6 measure C4.
and openfield vegetable and fruit  openfield vegetable and fruit fields.  National Agricultural Water-Saving
fields. Outline (2012-2020)
C5 Limited Limited Apply to 50% rice, wheat and m&j

30% other upland crops (excluding
beans), and 30% of vegetables and

fruits.
C6 30% of crops receive reasonable 80% of crops (except greenhouse veg.)
supply of organic manure. receive reasonable supply of organic
manure.
C7 4.30 Mha (7.6% of wheat and maiz0 Mha(34.8% of wheat and maize 23 Mha(40% of wheat and maize National Agriculture Mechanization

areas) in 2010 areas) areas) Extension Plan (2011-2015)

C8 28.5Mha (about 18 Mha of wheat 22.5 Mha of wheat and maize areas30.1Mha of wheat and maize areas National Agriculture Mechanization

and maize areas, straw retention on(assuming straw retention on 60% ofassuming straw retention on 80% of Extension Plan (2011-2015).

60% of mechanized harvest areas) mechanized harvest aréas mechanized harvest areas). Implementation Plan on the
Comprehensive Use of Crop Straw
during the 12th Five-year Plan Period

(01°] Limited Limited Apply to 10% of rice, wheat anthize

cropping areas.

" According to the National Agricultural Water-SaviBuitline, high-efficiency irrigations shall be iaied on 22.5 Mha croplands (20 Mha new areas). We
estimated that approximately 30% of cash cropd blealkefit from this project.

" Areas with straw retention are highly dependentrmp harvesting mechanization levels, which wer&®#for rice, 86% for wheat and 25.8% for maize in
2010, and are planned to reach 80% for rice and f&5%¥haize in 2015.
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2.2.  Maximum feasible mitigation potential from croplands

Based on information from Table 3-3 and Table 3pdl @aking into account measure
interactions, the crop-weighted abatement rategl tatlditional area for application and the
overall technical mitigation potential of each deoyjtl measure are summarized in Table 3-5. We
also distinguished mitigation potential arisingnr@CH, and NO emission reductions and those
achieved through carbon sequestration in soilsigition potential of livestock measures is
presented in Table J in Annex 4.

Table 3-5 Average abatement rate, additional applation area and mitigation potential of
cropland measures

Measure Weighted Additional Annual mitigation Potential through Potential through
No. abatement rate application area  potential in 2020  emission reductions carbon sequestration
(tCOe/ha) (M ha) (MtCQ@e) (MtCOse) (MtCOse)
Cc1 0.412 58.63 30.65 30.65
Cc2 0.201 56.65 11.38 11.38
C3 1.337 17.93 23.98 23.98
C4 1.219 17.94 21.86 21.86
C5 0.271 57.23 15.54 15.54
C6 0.596 120.11 40.19 -5.77 45.96
c7 0.489 22.98 1.46 -0.72 2.18
cs8 0.210 30.06 0.95 -0.11 1.07
C9 0.329 9.90 3.26 3.26
Total 149.27 100.06 49.21

Source Author's calculation and incorporated in Wang &t(2014)

Table 3-5 shows that in 2020 under the maximumrntieah abatement scenario mitigation
potential amounts to 149 MtGE representing 35% of BAU emissions (Figure 2Eguivalent
emissions of 100 and 49 MtG®could be avoided from and stored in croplandspeetively.
When only accounting the measures targeting, @k NO (i.e. excluding C6, C7 and C8),
abatement potential declines to 107 Mg&@n 2020. Measure C6 on more efficient recyclifig o
organic manure could be possibly applied to thgdsir additional area and offers the most
significant potential, which is achieved excluswdly carbon sequestration in soils. Large
amount of emissions could also be avoided througfemilizer best management practices,
collectively providing over 40% of cropland abatermeotential. Direct reduce of N fertilizer
rate (measure C1) presents the highest potenti@ng@nemission reduction measures. The
relatively low potential of conservation tillage carcrop straw retention can be attributed to
significant measure uptake under the BAU scenauni® td policy enforcement, leaving limited
scope for additional application.

3. Case study: mitigation potential from cereal prodution in China
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This section will first present the current andtdiigal status of GHGI of cereal production
at the provincial and regional level (section 3ak) the basis for discussing the abatement
potential from reducing synthetic N use at the proml level (section 3.2). The provincial
mitigation potential will be aggregated to genethtenational total value (section 3.3).

3.1. Current and historical GHGI of cereal production at the provincial level

Following the same methodology used to quantify @&dGIl of rice, wheat and maize
production on the national scale (section 3.2 iaptér 2), similar evaluation is conducted for
provincial-level GHGIs. Agriculture activity dataene collected at the provincial level while
emission factors and other parameters were avaragenal values. In other words, data for
N2O-Ninput @are province-specific and Flax are region-specific, while other factors were held
identical among provinces. Regions in China rafendrtheast, north, northwest, east, south and
central, and southwest China, each of which in@dW8i& provinces/municipalities.

GHGI of rice, wheat and maize at provincial scal€2D10

Figure 3-1 GHGI of rice (a), wheat (b) and maize (cproduction in different provinces in 2010
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Figure 3-2 Geographic pattern of rice (a), wheat (band maize (c) GHGI in 2010
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Source: Results calculated by the author and incated in Wang et al. (2015)

GHGI of rice production in 2010 ranged from 729 K€/t in Ningxia Province to 1,488
kgCQe/t in Hainan Province, with a national averag®38 kgCQe/t (Figure 3-1(a)). There was
no obvious relationship between GHGI levels andplliaation rates, the latter being the major
source of NO emissions. For example, the Jiangsu Provincash@hina received 51% higher N
application than national average in rice produchot was moderate in GHGI (16% lower than
national average). It is, however, evident that @stimated GHGI of rice production was
negatively correlated with yield levels. There veakarge provincial variation in GHGI (Figure
3-2 (a)) with the most carbon intensive provine@sated in the southeast coastal areas due to the
highest regional Clflux (252 kg/ha) because of higher temperature gredter level of organic
matter input (Zhang et al. 2011a). The low GHGIrwfe production in the southwestern
provinces (Sichuan, Chongging, Guizhou and Yunrzam) be attributed to relative lower ¢H
flux (210 kg/ha) relative to other places (221-Z&fZha). Among the six major rice producing
provinces, which accounted for 56% of the natigmalduction, Jiangxi and Hunan had higher
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GHGils than the national average while Hubei, Jiapn§schuan and Heilongjiang were below the
national mean.

Large spatial variability of average GHGI of whéfaigure 3-1(b)) and maize (Figure 3-1(c))
production could be observed among provinces. kamele, producing one ton of wheat in
Inner Mongolia emitted 3 times more,® than in Heilongjiang, attributable to significant
differences in synthetic N input and wheat and majelds between Chinese provinces. In
general, synthetic N fertilizer made up at leas¥76f total emissions and was therefore the
primary emission contributor. Figure 3-1 (b analsp shows that the trends of GHGI, which are
affected by place-specific yield levels, were netessarily consistent with those of per hectare N
application rates. For example, although the Niappbn rate for maize in Ningxia (279 kgN/ha)
was 13% higher than in Guangxi (247 kgN/ha), a mhigher yield in Ningxia (7.30 t/ha) than in
Guangxi (4.10 t/ha) resulted in a lower maize GHGNingxia. In contrast, high N rate and low
productivity made Ningxia one of the most carbaemsive provinces for wheat cultivation.

The geographic variations of GHG emissions perdbmvheat (Figure 3-2(b)) and maize
product (Figure 3-2(c)) show both similarities afhtferences. In general, similar levels of GHGI
can be observed for wheat and maize productioreeéxor Ningxia), e.g. Yunnan was one of the
most carbon intensive areas for both wheat and enaiaduction in 2010. More N fertilizers
were added to croplands in the northwest province®mpensate poor soil fertility, resulting in
elevated regional GHGI of wheat and maize producfithe levels of maize GHGI converged to
the range of 200-300 kgG@&'t with obvious correlation with N rates and ygldProvincial
discrepancies were more evident for wheat GHGI lymg that farmers were potentially more
rational in determining the fertilizer amount foraire than for wheat. Among the five major
wheat producing areas- Henan, Shandong, Hebei, iAaridi Jiangsu, which contributed about
74% of the national production, GHGI levels in Hiebed Jiangsu were superior to the national
average. All major maize producing areas- Hebbn, Jhandong, Henan and Heilongjiang, had
lower GHGI than the national mean value.

GHGiIs at the provincial level were further integdtto the regional scale for 2010 and
compared with yields and SOC contents (Fig. A)niidate regional GHGI reduction strategies
(Annex 5).

Historical trends of regional GHGI of cereal prodian

Nearly all regional GHGI of rice, wheat and maizeduction reached a higher level in 2010
relative to 1985 (Figure 2-3). For rice productighgure 3-3 (a)), south and central and east
regions have consistently been the most carbomsite areas due to favorable climate
conditions and greater level of organic matter @ppibn (Zhang et al., 2011a). In paralelle, rice
paddies in eastern, southern and central Chindoarel to have experienced the greatest SOC
increase (Zhang et al.,, 2007; Pan et al., 2010kolmrast, lower level of crop residues, farm
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manure and green manure application enabled sosthwemitt least GHG in producing same
amount of rice. As to the GHGI of wheat productigiigure 3-3b)), all regions except north
China exhibited the same trends as the nationabhgee sharp increase from 1985 to 2000 and
stabilization or decrease thereafter. Consequendiglucing N rates should be advocated in
northern provinces, confirming the findings of atle&perimental and theoritical studies (Ju et al.,
2009, 2011). Maize GHGI evolution (Figure 3-3(c)atterns were more diverse between
geographic regions with northeast China having l#est GHGI. The northwest has been
characterized with the highest GHGI in both whewt maize production.

Figure 3-3 Historical changes of provincial GHGI ofrice (a), wheat (b) and maize (c) production
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Source: Results calculated by the author and inoaged in Wang et al. (2015)
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The obvious regional discrepencies observed inetl@ution of cereal GHGI justify the
necessity of conducting a provincial-scale estiomatdof abatement rate of fertilizer-related
mitigation measures rather than taking a nationdewapproach to take into account local
circumstances and deliver more accurate estimates.

3.2. Abatement rate of N fertilizer management at provircial level

Prior to estimating the maximum potential from ifem¢r N use reduction, it is important to
determine an indicator to evaluate the NUE foredéht crops. There are four agronomic indices
commonly used in China to describe NUE (Zhang £t2§108): partial factor productivity of
applied N (PFR, kg crop vyield per kg N applied); agronorafticiency of applied N (AR,
kg crop yield increase per kg N applied); apparestovery efficiency of applied N (REkg N
taken up per kg N applied); and physiological aiincy of applied N (P& kg yield increase
per kg N taken up). This research endorsed the RFR, to describe NUE owing to the data
availability and consistency with the GHGI calcidat (PFR, constitutes part of GHGI
accounting for merely the part of synthetic N). There the NUE is improved, the lower the
GHGI will be.

We assume the optimal P{rB be achieved in two steps: first a direct reauncin synthetic
N fertilizer use for certain crops in targeted pnoes to raise regional PFRo 70% of the
optimal levels (measure C1) and secondly adoptifather techniques such as better application
time and placement to unlock the full potentialeTiegional optimal PRPwere derived from
scientific fertilization recommendations by Zhartgaé (2009). The current level of Pirivas
guantified using the same database for calculaBht§sIs. The PFR in 2020 under the BAU
scenario was estimated by dividing predicted criefdyby projected synthetic N rate. Changes in
future N rate, crop yield as well as cropping aseahe provincial scale was assumed to follow
the national trend (Table E, Table 2-3): e.g. whaeld improves by 0.8%, wheat area declines
by 0.9%, and N application increases by 1.3% par.y&s to the yield improvement under the
abatement scenario, better synchrony in time aadepbetween crop N nutrient demand and N
supply could increase rice and wheat yield by 5% ewaize by 8% based on a large number of
on-farm demonstration trails (Zhang et al., 2012b).

Linear response of JO emissions to N fertilizer amount is generally eved (Zou et al.,
2005; Mosier et al., 2006; IPCC, 2006) at low anterimediate fertilizer application rates.
However, there is growing evidence thailONemissions increase abruptly at superoptimal level
of N inputs indicating an exponential relationshgtween N addition and,® emissions (Grant
et al., 2006; Zebarth et al., 2008; Hoben et &113. These findings imply that improving NUE
by avoiding N surplus will substantially reduceONemissions by a greater proportion than the
reduction in N rate. Given the phenomenal problém overuse in China, we decided to account
for this non-linear relationship between N ferglizeduction and pO emissions reduction based
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on database from site experiments (Nayak et all4R0The relationship shown in Figure 3-4

supported the estimation of abatement rates of unea&S1-C4 on the provincial scale. Due to

lack of sufficient experimental data from fruit Itis, we used emission data from vegetable to
represent fruits.

Figure 3-4 Relationship between reduction percentags of N fertilizers and NO emissions
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The equation for rice is y=0.8195x-0.2158, for wtisay=0.5412x+5.9137, for maize is y=0.6365x+11.89d for
vegetable is y=0.8944+18.387.
Source: Author

Annex 6 presents the,® abatement rate of measure C1, C2, C3 and C4delatdirect N

use reduction. In rice paddies, highest per arga &batement benefits are estimated to generate
from Hebei, Shanghai, Liaoning, Jiangsu and Ningxieovinces characterized by relatively high
N rates. In the same vein, provinces which arecgsuof the highest D abatement rate in wheat
and maize are generally those with top rankingteims of GHGI of wheat production (Inner
mongolia, Ningxia, Shannxi and Jiangsu) and maroeluction (Yunnan, Shannxi, Gansu and
Guangxi), respectively. The exception is wheat pobidn in Jiangsu which is moderate in GHGI
but has high abatement potential as a consequérthe serious problem of fertilizer N overuse
in this province (Ju et al., 2009).

3.3. Mitigation potential from best N management practi@s
When determining the measure maximum uptake, th@lemtropping areas in a province

were supposed to be subject to a mitigation aatiban the provincial average R{rlls below
the target despite of disparities of RFRithin the province. As to mitigation potentialbbm
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vegetable and fruit fields, we concluded from ral@viterature (Ge, 2009; Jiao et al., 2010) that
overuse of N fertilizer was phenomenal in nearlygegdenhouse vegetable fields, and meanwhile
we assumed about 50% of openfield vegetable ase&$ved excessive N fertilizers 40% higher

than crop demands. Regarding orchards, surveytsedul et al., 2008; Zhang et al., 2012b)

indicate that average N inputs rates were overfddb higher than fruits requirement in about

70% of Chinese orchards.

Table 3-6 summarizes the national average N rat&l, ¢themical N savings, application area
and overall MO emission reduction potential from implementing aswee C1-C4. The
nationwide or per hectare use of N fertilizer igjpcted to reduce by 20-42% relative to 2020
baseline levels. Since we adopted a conservatigeoaph to estimate mitigation potentials, our
results of around 30% cut in N application ratesarkal crops are inferior than the N use reduce
suggestions by other researchers (Ju et al., 2BB8ng et al., 2013). Under the abatement
scenario, PRP of rice, wheat and maize will rise to 54.5, 34.@da46.5 kg grain/kgN
respectively, which shall reach the world averagell (42.5, 36.3 and 42.5) but are lower than
the EU and US levels in 2006 (database from H&€&#@09)). This is justifiable since in average
soil fertility is poorer in Chinese arable landarthn Europe or the US, requiring more fertilizers
to reach same level of yields.

More than 30% improvement in Pg®f the three major crops in China will lead to an
abatement potential of 25N8tCO,e, representing 10% of GHG emissions from rice, attaad
maize cultivation in 2010. Based on 1990s datddegng & Tang (2010) concluded thatN
emissions from rice, wheat and maize productioriccba reduced by 44 Gg/gnd 104 Gg/yif
NUE (used RE as indicator) is to be increased by 30% and 50%pewtively, which is
equivalent to 13.1 MtCg and 31.0 MtCge. Our results of 25.8tCO.e is comparable to this
analysis result. It should be emphasized that thegation potential from best fertilizer
management practices might have been underestirsated we did not take into account the
manure and residue N supply in quantifying theroptiPFR..
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Table 3-6 Application area and overall NO mitigation potential from measures C1-C4

presge Nrate (g OLsedsmpaedio  NaloasesoePf Al O miteon
2010 ZOZQ 2020 abat_ement Measure Measure Tot_al 2010 ZOZQ 2020 abatt_ement Measure Measure Measure Measure

baseline scenario C1 C2-C4 saving baseline scenario C1 C2-C4 C1l C2-C4

Rice 186 177 133 331 803 25% 38.9 389 54.5 26% 59% 0.75 1.84
Wheat 199 238 155 797 1030 35% 215 215 34.7 44% 98% 3.42 4.16
Maize 202 221 146 1258 1408 34% 284 284 46.5 55% 98‘%; 7.87 7.22
Greenhouse vegetable 671 656 379 350 635 42% 841 84.1 160.0 100% 50% 4.36 2.45
Openfield vegetable 268 262 210 244 573 20% 145.1 1451 190.7 50% 50% 3.91 6.42

Fruit 492 565 350 831 1679 38% 226 433 73.4 70% 50% 10.34 10.66

" Maize cropping areas in Guangdong and Hunan acdou@i®s of national total; but the N rates were regiorted in the statistical yearbook, relevant
mitigation potential was therefore not accountesthe
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4. Conclusion

Evaluation of the technical mitigation potentiabrfr Chinese croplands started with the
screening of abatement options applicable to Chiagricultural systems. Based on literature
review and expert elicitation, we identified 9 mé&tion measures that are currently available and
acceptable, comparable to the agricultural devedogrriorities and likely to generate important
mitigation potential. These measures integratecadspectrum of techniques and practices that
not only enable the reduction o™ and CH emissions from production but also enhance the
removal of atmospheric G@hrough carbon sequestration in soils.

The abatement rate of each measure was concluded rfreta-analysis results relying on
documented evidence from experimental trails. H@uewe were unable to quantity the
complete climate effects of some measures duentiteli observations (e.g. SOC impacts of
biochar amendment) while some were not China-spew#élues for the same reason (e.g.
enhanced efficiency fertilizers). Therefore, thisidy was basically a country-wide exercise
considering the challenge in data availability. Wdligh we recognize that more regionalized
abatement rates would merit better assessmenppéaas difficult to extract these data at this
stage. Further scientific research is needed tenstahd the applicability and opportunity of to
implement the measures in the diverse agricultsyatems, which constitutes part of a relevant
research agenda in China. Nevertheless, our egimsatof abatement rates (0.201-1.337
tCO.e/ha) are comparable to those conducted by US EPBA3j, IPCC (2007) and Moran et al.
(2011). Best N fertilizer management practices, loed with improved irrigation regimes,
could deliver high per hectare abatement rate,cépefor fruits and vegetables. More efficient
recycling of organic manure, conservation tillagd atraw addition are also important mitigation
options to enhance the SOC contents.

There is great uncertainty concerning how largkl nitigation measure could be adopted
in the target year. There are several measures maveng been studied thoroughly on their
regional applicability, so any assumptions relatvenaximum scale of their adoptation would be
variable to this research. To minimize such unagitss we took a conservative approach in
defining the uptake of technically feasible measure 2020. For the same purpose, measure
interactions were addressed primarily by aggregated sub-actions and assignment of
implementation priority to avoid possible overlappiof measures adoption and double counting.
In total, our findings indicate an amount of 149Q@e could be possibly mitigated from
Chinese croplands, representing 35% of the BAU sioms. About 2/3 of the mitigation potential
is predicted to come from GHind NO emissions reduction while the rest 1/3 via carftonage.
Organic manure amendment, N fertilizer managenreanplands and water regime improvements
in rice paddies offer the highest overall mitigatimotential.
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An in-depth examination has been carried out tcestigate the potential from best N
management practices for cereal crops at provithewal. In general, high potential is found in
those regions topped the rankings in GHGIs. Aneahant potential of 25.81tCO.e can be
delivered when there is a 30% improvement inPéiRhe three major crops.

Wider life cycle mitigative impacts and G@missions related to fuel combustion from
machine use were not considered in this study. Alieg to Zhang et al. (2013), manufacture
and transportation of one ton of N fertilizer iniGdshall emit 6.1 tC& in addition to 5.8 tCé
N2O emissions from cropland application. This implieat about 63.6 MtC&@ emissions could
be cut annually in the industrial and transportasector in case of full implementation of the
series of best fertilizer management practicesigsliton activities in agriculture can thus make
considerable contributions to the fulfillment of iG&'s climate commitment. Accounting for
agriculture fuel emissions shall decrease the atmterates of some measures, e.g. subsurface
placement of fertilizers and straw retention, winlerease those of conservation tillage.

Now that we provide some insights into how mitigatpotentials can be applied across the
range of biophysical conditions that characterizen€se farming systems, the next question
comes naturally: what's the relative abatement @dstmplementing each measure and are
agricultural abatement opportunities cost-effectteenpare with both a benchmark carbon price
and abatement elsewhere in the economy.
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Chapter 4 - Economic mitigation potential in Chinese
croplands

The previous chapter has found which abatement umessare applicable to the farming
systems in China and the technical mitigation piéthat could be expected from these options.
However, these technically feasible mitigation noe@s normally are differentiated in terms of
their implementation cost to farmers. This raisessgion on how to draw the cost curves to
identify the most effective measures. The selecton efficient mitigation options requires
therefore the understanding of the cost-effectissrad each measure in terms of cost per tonne of
CO.,e abated. This economic analysis constitutes tlwense bloc apart from the technical
potential in constructing a MACC which will showetleconomic availability of the mitigation
options and information on whether agriculturaligations worth pursuing compared to both the
benchmark carbon price and abatement elsewhefgeirdonomy. This is significant, since in
allocating an emissions budget to a sector, amatimitigation policy should normally prioritize
the cheapest means of abatement by equalizing n@rgbatement costs across sectors. Such
information is also crucial to develop any markaséd approach and offering low cost
mitigation credits to any emerging carbon tradirgpesnes. The development of emissions
trading regimes in China may lead to an increasicrgtiny over the relative cost of emission
reductions in all sectors of the economy.

This chapter will conduct an economic analysis dfigation potential from Chinese
agriculture, taking account the cost of applying ittentified measures relative to a baseline of no
additional mitigation activities. In the first placa general overview of literature on MACC
analysis is carried out to justify the approachtake to build a MACC for China’s agricultural
sector (section 1). Section 2 will elaborate on thethod of how to quantify the additional
benefits/costs that the adoption of the mitigatmtions entails to farmers. Based on the cost-
effectiveness results, section 3 will present thRQ@C results as well as the abatement scenarios.
Section 4 will be dedicated to some discussionierMACC results, including comparison with
other agriculture MACCs, sensitivity analysis amghgicance and limits of this study. Section 5
concludes and points out next-step research.
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1. MACC tool introduction and approach selection

In this section we present the several ways of tcoctsng agriculture MACCs in the
literature and explain the methodological choicehaee made in our thesis.

1.1. Literature review of existing agriculture MACCs

In order to identify and analyze cost effective igation options as well as quantify the
overall potential that can be offered by a secta society, methodologies such as MACCs have
been gradually developed over the past three dec&CCs also enable comparison of the cost
effectiveness of abatement options between diffesectors of the society. MACCs have become
a useful tool to assist policy makers in prioritzimitigation options, especially with the release
of a series of McKinsey&Co MACC reports (2009b, @pl1Advances in MACCs research has
thereafter been accelerated and a range of GHG MAR&Ve been established for different
sectors, including agriculture, at the global, oegil, national, sub-national and local levels.

A MACC for GHG emissions is a graph that illustsathe relationship between the cost
effectiveness of different abatement options aredttial amount of GHG mitigation potential
offered by these options in a given year. It réflebe expense associated with eliminating an
additional unit of carbon and is upward-sloping: higher emission savings become increasingly
expensive to achieve. According to Bockel et al1@), there are two types of MACCs graphs
designed either as a histogram or a curve.

The histogram MACC represents the cost effectiversesl the mitigation potential of each
individual abatement measure (Figure 4-1). Eachrbpresents a feasible abatement measure,
differentiated by average implementation cost perdf CQe emission reduced (height of bar),
and quantity of emissions they can mitigate if theasure is fully applied to its technical
potential (width of bar). The area (height*widtbj the bar represents the whole cost ef th
action. The total width of the MACC shows the ent€Qe savings available from all options.
Measures below the x-axis are cost negative, @moving emissions and saving costs; those
above the x-axis entail implementation costs. Cguestly, the biggest financial gains and
emission reductions can be seen in the longestvatekt bars under the x-axis, and conversely
bars above the x-axis are the costlier measurdgcyPiberefore needs to focus first on the
implementation of the former.
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Figure 4-1 lllustration of a ‘histogram’ MACC
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MACC depicted as a curve (e.g. Figure 4-2) indigdtee cost of abating the last unit of
GHG emissions at a defined mitigation level (eitlasr absolute abatement requirement or
reduction percentage of the total emissions). Tdtal tabatement cost is represented by the
integral of the area under the curve. The partwbe below the x-axis represents abatement
opportunities at negative costs and the cost-affaoess of mitigation options worsens moving

along the curve from left to right.

Figure 4-2 lllustration of a ‘curve’ MACC

Figure 1-7:  Global MAC for Net Greenhouse Gas Emissions from Croplands, Holding Area Constant,
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1.2. Choice of methodological approach for MACC constrution

A MACC can be constructed following either a topahoor bottom-up approach. Vermont
& De Cara (2010) provided a profound discussiontlosm two approaches and the underlined
assumptions. Here we briefly describe some keycspef the two approaches to justify the
choice of the methodological method used to daheeMACC for China’s agriculture.

A top-down analysis takes an exogenously determamision reduction requirement and
allocates it downward through modelling assumptitmsonclude an overall abatement cost to
the economy. This approach employs either microaeon supply-side models (De Cara et al.,
2005; Hediger, 2006; De Cara & Jayet, 2011; US EP®13) or macroeconomic partial or
general equilibrium models (IPCC, 2007; Schneidale 2007; Smith et al., 2008; Dominguez
et al., 2009). In these models, simplified produttfunctions are assumed to generally apply
throughout the target sector. In agriculture suigthe models, a set of representative farmers are
defined to maximize their gross margins or prdgised with technical and economic constraints.
The abatement level can therefore be derived byutdting farmers’ decision when an emission
tax or requirement is introduced. Prices are asdueregenous without considering any possible
market feedbacks; in particular we cannot captheeeffects of increased costs on the demand-
side. On the contrary, macroeconomic equilibriumdei® consider the influence of market
responses on marginal mitigation cost in additmihie direct effects of abatement requirement
on supply-side. The geographic coverage and scpsually wider and abatement rate is often
reported higher for a given carbon price using ldguum models than that applying supply-side
models; whereas the level of spatial disaggregairoresolution is generally lower (Vermont &
De Cara, 2010).

In recent years, there has been a growing intéoeapply engineering-oriented bottom-up
approaches to analyze the abatement cost and iabtehtindividual measures. This kind of
MACC studies (Beach et al., 2008; Moran et al.,22®chulte et al., 2012; Pellerin et al., 2013)
take into account heterogeneities in terms of abaté potential, applicability and
implementation costs of mitigation options. Bottom-MACCs are constructed by ranking
mitigation measures by increasing cost per unitéC&bated against their associated abatements
to obtain the cumulative mitigation potential.

A comparison of the two approaches (Vermont & DeaaC&010) indicated that it is
inappropriate to tell one approach is superiorrtotlaer since some aspects are better addressed
using models while others are better captured gineering approaches. Top-down models are
generally preferred for assessing the full effeetsmacroeconomic and fiscal policies for
mitigation purposes (Bockel et al., 2012). The dopvn approach is also practical for analyzing
mitigation potential from sectors with relativelyorcentrated emission sources and high
homogeneities in abatement technologies, e.g. pgemeration. Bottom-up MACCs account for
the feasible choice of abatement options availabfarmers and are able to reflect the substantial
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heterogeneities in abatement technologies as weleabiophysical extent and the different costs
of applying these measures across diverse farneragstThis is the primary reason why a
bottom-up approach was selected to construct theC®IAor Chinese agriculture given the

complexity and diversity of its agriculture systeams the predominance of small-scale farms. In
addition, the large number of on-farm experimeht®ughout the nation allows for estimating

detailed technical abatement rates representatiama specific to China. Finally, since supply-

side models or macroeconomic general equilibriureemtoral breakdown equilibrium models in

China have not integrated carbon constraints msdule were unable to perform a top-down
agriculture MACC exercise.

Despites the various advantages of bottom-up dgrieuMACCSs, particularly information-
rich in abatement options, there are key limitg #feuld be bear in mind when interpreting the
results and used for policy decision making. Coragawrith supply-side models, the effects of
mitigation measures on the behaviours of farmeespaorly integrated in bottom-up MAACs.
Studies that rely on engineering approaches are iatapable to reflect market feedbacks on
prices since price evolution is pre-defined basadaoset of hypothesis and independent of
mitigation measures to be undertaken. In realitguildrium effects considering market
responses of a mitigation instrument significardfject abatement supply or total mitigation
potentials (Vermont & De Cara, 2010).

2. Estimation of measure implementation cost

Implementation costs (expressed as ¥/ha for crdplagasures) are estimated following Eqn
(4-1), i.e. by evaluating per hectare measure-iadwhanges in yields, input costs (e.g. fertilizer,
pesticide, seeds), investment, labor, machinery iafghtion costs, compared to conventional
practices under the baseline scenario. Comparepaown models, in which farmers are
supposed to maximize their profits or margins fgaertain constraints, the bottom-up approach
seeks to evaluate the changes in input/output idremers adopt a mitigation measure. Therefore,
changes in production factors are preset and imikg# from each other in the bottom-up
approach, rather than an optimization of fertilimee, labour, land and other factors in top-down
exercises.

| |
C= ZAQ = Z(Cwn -G (4-1)
C; is the annual net cost (2020 value) of measurdeimgntation for farmers in 2020. i

denotes the agriculture input/output items, e.diliteer, pesticide, labor, yields, eta.C; defines
the change in item i of measure implementation ionetary value. 4 represent typical
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benefits/costs of agricultural outputs/inputs wii@mers adopt a mitigation measure angli€
the conventional inputs/outputs without measurdéementation.

Estimated costs in 2020 price then need to be ctetvdo values in the benchmark year
2010. Such a process involves the notion of NesdtreValue (NPV) which is used in capital
budgeting to analyze the profitability of an invasnt or a project and is usually derived
following Eqn (4-2).

NPV = —-C (4-2)

C, is the initial investment, which is assumed tabm in this research since all investments,
simply divided by their lifespan, are transformatbiannual costs. r is the discount rate used to
discount future cash flows to the present valueiaradkey determinant; here to convert measure
lifetime costs to 2010 values, we adopted a nondislount rate of 4.5% , equivalent to the five-
year deposit rate of the Bank of China. T is theatlon of the project, which is 10 years from
2010 to 2020.

2.1. Evaluating benefits/costs implications of adoptingnitigation measures

To estimate the typical implementation cost of edemtified measure on the national scale,
China is simplified as a single farm using the oradi average costs/inputs data. Costs represent
direct costs to farmers in complying with a measwiich is consistent with estimates of the
abatement rate only accounting for on-farm emissidndirect and social costs/benefits are
excluded from the analysis. The former include €@stsociated with changes in government
subsidies and extension service improvement, imglyinat implementation of public policies is
costless or farmers will change their behaviorsoating to their production margins without
anticipating potential subsidy shift. Social cosefer to wider environmental impacts of
implementing some measures (e.g. reduced water polaution).

A literature review and expert consultation was diaried to determine the on-farm
implications and possible costs and benefits ofopeting mitigation actions compared with
conventional/common practices. Aspects taken imasiceration for each measure and major
references are presented in Annex 7. For informatiost considerations on livestock measures
are summarized in Table K in Annex 4. Yield impmnent effects of integrated nutrient
management measures were drawn from Zhang etCGll2k2 but modified in this study since
baseline yields will already reach a higher leme2020 than in 2010 (partially presented in Table
E). Changes in agricultural inputs and productiostg induced by measure implementation are
summarized in Table 4-1(see Table L for relevafdgrmation about livestock measures). Again,
please bear in mind that costs presented here tacwmunt for the expenditure of policy
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enforcement and other hidden costs, which explerabsence of positive cost factors for certain
measures, especially measure C1.

Table 4-1 Benefits/costs implications of cropland easure implementation

Cost consideration factors (2010 level per hegtarecropping season)

Measu Target — - i — i Incurring
re No. crops Fertilizer rate and Labor Machinery lIrrigation Other costs Yield frequency
price (mandays)
C1 Cereal N rate: rice -15% Cropping season
crops wheat- 31% maize-
16%
Cash N rate: greenhouse Cropping season
crops veg. -15% openfield
veg. -10% fruit-15%
c2 Wheat N rate: -20% 7.5 +5% _
Maize N rate: -18% ¥225 +89 Cropping season
C3 Rice N rate: -20% 15 -20% +5% Cropping season
Cc4 Vegetable N rate: greenhouse -15 -40% Drip irrigation +10% Cropping season
27%; openfield - ¥3000; agri.
24%. film ¥1000
Nitrate-based
fertilizer (10kg N)
price:+60% higher
Fruit N rate: -30%. 17kgN 45 +10% Annual
price:60% higher
Cotton N rate: -33%. 17kgN -30 -40% Drip irrigation +10% Annual
price:60% higher ¥3000; agri.
film ¥1000;
pesticide -
30%
C5 All crops N fertilizer price: Annual
10% higher
C6 Cereal N rate: rice -11% 7.5 Annual
crops wheat- 10% maize -
9%.
Organic manure
+1.6-2 t/ha at ¥500/t
Openfield N rate: -7%. Organic 7.5
vegetable manure:+1.52 t/ha
Fruit N rate:-11%. 15
Organic
manure:+5.16 t/ha
C7 Wheat, -30% -20% Seed +10%; 3yearsor4
maize pesticide+30% years
Cc8 Wheat, +30kg/ha ¥300 Seed +10%; Cropping season
maize pesticide+30%
C9 Rice, 20t/ha at ¥1000 /t 15 +10% Every 5 years
wheat, biochar
maize

"N rates here refer to those in target regions kamsad N application rates.

T Here the N content in typical organic manure liegis stands at 1.2%.
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2.2. Forecast of future production input and input price

Values of typical agricultural inputs and outputs &verage showcase farms across China in
2010 were obtained from the China Agricultural Rraid Cost-Benefit Yearbook (NDRC, 1998-
2013) (see Table 4-2 taking rice as an examplegeSihe bottom-up approach doesn’t rely on a
macro equilibrium model accounting for market fesmchs, future prices of agriculture inputs and
outputs have to be projected based on anticipdtadging rates. Such price forecast for 2020 is
therefore exogenous and independent of the levetsitmation options taken, which is one of
the principal limits of the bottom-up approach. éaast of agricultural commodity/output prices
in 2020was based on the change rates simulated by the i@ARBdel and is presented in Table
E in Annex 3. Maize price will see the largest aase during the period of 2010-2020 among the
three main cereals driven by the demand in livésteed.

Table 4-2 National average inputs (price) of rice duction in 2010 and 2020

. A_nnual nominal 2010 Assgmeq annual 2020
Item Unit increase rate condition nominal increase condition
2000-2010 rate 2010-2020
Direct material and service cost/0.067ha ¥ 7% P3.9 4%
1.seed cost ¥ 8% 39.74 4% 52.75
2 fertilizer cost ¥ 7% 110.94 3% 148.17
3.organic manure cost ¥ 1% 9.65 0% 9.36
4.pesticide cost ¥ 11% 22.39 5% 72.61
5.agri. film cost ¥ 3% 2.34 1% 4.42
6.renting and operation cost ¥ 12% 113.19 6% 254.21
machine renting and ¥ 14% 84.94 7% 206.59
operation
irrigation and drainage ¥ 2% 19.08 1% 21.85
water cost ¥ 0.4% 6.69 0.2% 10.14
animal power cost ¥ -3% 9.17 -1% 13.08
7.fuel and power cost ¥ 22% 0.68 5%

8.technical service cost ¥ -26% 0.02 -13%

9.tool and material cost ¥ 34% 3.40 17%

10.maintenance and repair cost ¥ -0.7% 1.57 -0.4%

11.other direct cost ¥ -43% 0.01 -22%
Human labor cost/0.067ha ¥ 6% 226.90 3% 380.20
1.equivalent family labor cost ¥ 6% 206.27 3% 315.68
human input days day -6% 6.59 -3% 5.29
labor wage/day ¥ 12% 31.30 6% 59.68
2.hiring labor cost ¥ 8% 20.63 4% 64.52
human input days day -4% 0.34 -2% 0.49
labor wage/day ¥ 12% 60.67 6% 130.50
Synthetic fertilizer price ¥/kg 7% 4.92 4% 6.95
Synthetic N fertilizer (pure nutrient) price ¥/kgN 6% 4.05 3% 5.35

Source: China Agricultural Products Cost-Benefiiaybook 2011
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Projection for the coming decade on agriculturadpiction inputs followed the historical
trends but the change rates for 2010-2020 are &sstorbe half those over the period 2000-2010
for two reasons. First, average grain sale prioe8020 are predicted to rise at half the rate of
2000-2010 (Table E). Second, energy prices, whiehthe key determinants of agricultural
inputs prices, are anticipated to grow by 4-5% yesmir beyond 2010 compared with a 10.8%
annual growth during 2000-2010 (IEA, 2012).

2.3. lllustration of cost calculation of the measure orgnic addition to rice paddies

We take the example of measure C6- more efficienyaling of organic manure to rice
paddies, to illustrate the cost calculation processmeasure implementation. The overall
objective is to raise the proportion of organic onanin the total rice N supply to about 30%. In
doing so, the inputs/outputs that would be altemetude a reduction in synthetic N fertilizers, an
increase in organic manure fertilizer and more fabputs requirements for large quantity of
manure application. The next step is to deternmieelével of alternation and convert them into
monetary units.

It is essential to mention that the baseline fas theasure is a scenario under which the
previous five measures C1-C5 have already beeneimmgted to avoid overestimation and
account for measure interactions. This implies thatoptimal level (133 kgN/ha) of synthetic N
fertilizer rate served as the baseline rather tharl77 kgN/ha under the initial BAU scenario. N
inputs from organic manure in 2020 is assumed eomsts in 2010 which is 21kgN/ha. If organic
manure supplies 1/3 of the total N inputs, ther@usthbe a source shift of about 19 kgN/ha from
chemical fertilizers to organic manure fertilizeRaw organic manure needs to be pre-treated and
composed before being applied to fields, entaihmgterial inputs and particularly farm labor
inputs. These inputs are represented by the marie of organic manure fertilizer. Table 4-3
integrates the information for estimating the ofgananure addition to rice paddies.

Table 4-3 lllustration of calculating cost of measte organic addition to rice paddies

Altered items Per hectare change Unit Price iM202  Costs in 2020 (¥/ha)
Synthetic N fertilizers  -19 kgN/ha 5.35 ¥/kgN -104
Organic manure ‘+19 kgN/ha (=1.62t organic 660 ¥/t organic 1066
fertilizer with N content at 1.2%Yertilizer (market price)
Labor inputs +7.5 man-days 130.50 ¥/day 448
Total cost 1410

The average cost (in 2020 price) for adopting mea€l6- rice is estimated at 1,410 ¥/ha
(Table 4-3), which corresponds to 1,116 ¥/ha in02pfice adopting a 4.5% nominal discount
rate. Similar procedures were applied to wheat,zeyabther cereals, vegetables and fruits to
guantify the implementation cost of measure C6 dach type of crops, which were then
weighted by the application area to conclude a oreasverage mitigation cost.
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3. MACC results and abatement scenarios

3.1. MACC construction and results

Cost-effectiveness of cropland mitigation measures

The overall cost of a measure in 2010 prices isnggative of the NPV and is then divided
by its abatement rate to calculate the cost effentss, i.e., average cost or gain of mitigating
one tonne of Cge. An important hypothesis that should be bearimdrrs that the marginal cost
of a particular measure is constant since the wilibli®a is considered one farm and generally
national average data are used. The constant &veosts are therefore a proxy of marginal cost.

Table 4-4 shows that the most cost-effective mattan option is improved fertilization
techniques in wheat and maize fields (measure 8&)h gains are achievable because revenues
from increased wheat and maize yields shall dweefihcrease in labor and machine inputs. In
the same vein, implementing measure C4 also brimgsefits to famers since irrigation
investments and additional labor inputs for spdittifization are estimated to be inferior to the
economic gains of increased productivity of highueacash crops. Despite more seed and
pesticide inputs are necessary, reduced labor aotiime requirements make conservation tillage
(measure C7) an economic available option for miiig climate change. Although more
efficient recycling of organic manure to croplarfadgeasure C6) also offers significant mitigation
potential, substantial purchase costs for commlencénure fertilizer or labor requirements for
manure composting may prevent its widespread amlop@osts are also estimated to be high for
crop residue incorporation (measure C8) owing witamhal machinery use. The highest cost for
mitigating one tonne of C@ comes from measure C9 of biochar addition owmgxpensive
biochar products and the large quantity to be agplsimilar information on cost effectiveness of
livestock and grassland measures are illustratdaiole M in Annex 4.

Table 4-4 Cost and cost effectiveness of croplamaitigation measures

Measure No. Cost in 2020 Cost effectiveness in 202Mitigation potential in 2020
(¥/ha, 201Qrice) (¥/tCQe, 2010 price) (MtCO2e)
C1 -257 -491 30.65
C2 -698 -3475 11.38
C3 523 391 23.98
C4 -2586 -2122 21.86
C5 71 260 15.54
C6 594 1776 40.19
Cc7 -121 -1906 1.46
C8 79 2489 0.95
C9 2032 6171 3.26

Source: Calculation by the author and incorporabedVang et al. (2014)
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MACCfor GHG emissions from Chi’s agricultural sector

Based on data ifTable 4-4 and Table M, the GHG emissions MACCs for CI's
agricultural sector as a wholFigure 4-3(a)) as well as for croplandFigure 4-3 (b)) were
constructed Mitigation optionsare represented by bars on the plot in ordeidecreasing cost
effectiveness on the axis and the bar width denotes the annual mitigapotential of the
specific measure. Thigesearch concluded a full feasittechnicalmitigation potentialof 149
MtCO.e fromcroplands, lowe than the potential from livestocdnd grasslars (253 MtCQe).
Among cropland optionsmeasur C4-+ertilizer best management practicfor cash crops is
found to sourcéhe biggest financial gains and emission reductas thdongest and widest ba
beneath x-axisMeasures at negative costs provover 1/3 of theoverall mitigation potentie
while the fulfillmentof another 1/3 abatement potential does incur dosgtsit a price of less thi
400 ¥ (50€) /tC@ and the rest mitigation potential are from costieasure:

Figure 4-3MACC for China agricultural sector (a) and cropland (b} maximum feasible abatemen
potential in 2020 (discount rate = 4.5%).
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Codes refer to measures in Tabl:3.4- Probiotics addition to the diet; CRBertilizer test management practices
(Wheat&Maize) - Right time and right placeme, L2- Purebredbreeding of livestocl C4-Fertilizer best
management practices (cash cro- Right product, right time and right placeme@{/- Conservation tillage for
upland crops; CZFertilizer best management practic- Right rate; L3-Tea saponins addition to thdet; L1-
Anaerobic digestion of manure; {Reduction of stocking raterredium grazing intensi; C5- Enhanced-efficiency
fertilizers; C3-Fertilizer and water best management in rice p&, L6- Grazing prohibition for 35% of graze
grasslands; L8- Redtion of stocking rate light grazing intensity; CéMore efficient recycling of organic mant;
L5- Lipid addition to the diet; C8Straw addition in upland crops; C9- Biochar addition.

Source: Author and information incorporated Wang et al.2014)

3.2.  Abatement scenarios of emissions from Chir's agriculture

Three datement scenari (Figure 4-4) up to 2020 wedrawn assuming measures adof
at a linear rate over tim&0% of total mitigation realized in 2011, 20% ofalorealized in 201z
30% in 2013 and 100% in 202This assumption initially allows us to sidestepaage of
possiblepolicy scenarios and instruments incentivizmeasure uptakdhe nmaximum feasible
mitigation potentialscenarioimplies the maximunphysical extent to which a meas can be
applied andherefore encompasses upper potential presented Bigure4-3 from measures L4
to C9 for thewhole agricultural sect. The datement scenario at negative ccaptures the
potential from those costffective measures, i.from measure L4 to L1 iFigure 4-3. Under the
abatement scenarix@uding carbon sequestrat, only the abatement potentfrom measures
targeting CH and NO emission is taken into account.
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Figure 4-4 Projected BAU and abatement emissionsestarios for the whole agricultural sector (a)
and croplands (b)
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Source: Author and results incorporated in Wangle{2014)

Figure 4-3 and Figure 4-4 show that under the marintechnical abatement scenario for
2020 emissions reductions from the China’s agncaltamount to 402 MtCf, representing
34% of BAU emissions. When only counting the measuargeting CiHand NO emissions,
abatement potentials decline to 207 Mt Qn 2020, corresponding to 17% of baseline
emissions. At national scale about 135 MgE@missions could be abated at negative costs,
equivalent to 11% of baseline emissions in 202@ullf implemented, these win-win measures
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result in savings of ¥ 125 billion (2010 price) flarmers. The results suggest that there is
significant potential for win-win abatement avoigiamissions while providing financial savings.

This analysis does not account for ancillary impastich as reduced fertilizer production,

government subsidies, or reduced environmental étspalhe analysis also shows that 191
MtCO.e (approximately 48% of the total potential) enussi can be realized at a carbon price
less than 260 ¥ (32 €) per tg©

3.3. Regional disparities in MACC results

The cost-effectiveness levels presented in the MA@&phics are the national average
around which fluctuates regional situations in temh both the per hectare abatement rate and
implementation cost. From the technical perspective research results on the GHGI of cereal
production confirm the regional diversity in mittgan potentials. From the economic perspective,
unbalanced provincial economic development imphigh discrepancies in implementation cost
among regions. For instance, the equivalent sa#dssis for hiring labors intend to be higher in
the more prosperous and productive coastal zone rtieny interior areas, worsening the cost-
effectiveness of certain measures in the coastaimeres. For the purpose of illustrating regional
disparities of MACC results, we selected three dgpprovinces- Yunnan, Hebei and Jilin with
high, medium and low GHGIs of crop production. $&miapproach for estimating national
average abatement rate and per hectare cost wasepuand regional data was mobilized
whenever available. It is worth mentioning that{ ooly agriculture input prices (such as labor
wages, fertilizer price) but also output/productces (such as the wheat selling price) are
different among regions with the former having ¢geaegional variations.

Table 4-5 and Figure 4-5 presents the cost-effectgs and mitigation potential of measure
C1, C2 and C6 for wheat and maize production intlinee provinces. Although on the national
average scale, measure C2 is more cost effectare @1 and C6, things are different when we
descend to individual province and crop: farmerslubei implementing C2 for wheat would be
economically better off than those in Yunnan appglymeasure C1. As one of the most-carbon
intensive provinces in grain production and themefwffering largest room for GHGI
improvement, Yunnan is more cost effective in diseceducing synthetic N fertilizers (measure
C1). But the expense for matching fertilizer apgtion timing and location to wheat growth
needs (measure C2) will become positive which igatiee at the national average scale or in
Hebei. This is because benefits from N fertilizaviags and yields increase from low wheat
productivity in Yunnan could not outweigh the ingse in human labors despite that salary levels
of hiring human forces are 33% lower in Yunnan thmaHebei. As to Jilin, both wheat and maize
are not targeted by measure C1 but for differeasoas: wheat is rarely grown in this province
while high efficiency in maize (or relatively lowH&I) exempts it from measure C1. However,
when it comes to measure C6 of applying more opgaranure to croplands to replace part of
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synthetic fertilizers, Yunnan is theost costeffective region given its higher utilization
organic fertilizers in the baseline and lower humeages than the other two provinc

Table 4-5 Example of cost effectiveness of some measureske regional leve

Measure C Measure C2 Measure C6
Region Whea(W) Maize(M) Wheat Maize Wheat Maize
Hebei (HB) 982 -289 -877 -2270 1524 1723
Jilin (JL) -1929 3416
Yunnan (YN) 1117 -886 2595 -2226 365 584
National average 93¢ -646 -644 -5107 1519 1811

Source: Author’s calculation

Figure 4-5lllustration of MACC for wheat and maize related measure C1, C2 and C6 in three
provinces
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Codesin the graphic: HB, YN and . refer tothe province of Hebei, Yunnan and Jilin, respedyivand W and N
refer to wheat and maize.

Source: Author

We could find that themplementatio cost of each measure diffsubstantially from one
region to another and amonmpptypes and it would probably Eonomically efficier to begin
mitigation in regions witHower costs. The disparities of caftectivenes primarily originate
from differences in GHGI and the application legébrganic manure. Levels and prices of in
and output incluishg equivalent labor salary contribute to regioveiiations but to a lesser exte
since their values ammore closely distributed arou the nationabverag than the GHGI. This
brings forward the needs féurther regione and local studies which necessi comprehensive
information on the applicabilitof a specific measure astibsequent cost implications for lo
farmers.
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4. Discussions and sensibility analysis

4.1. Comparisons with other MACC studies

Comparisons with international agricultural MACQuslies

In the international literature on agriculture MAE@neasured as ¥(or €/$) per t&€@bated,
abatement cost represents the typical cost fordestiarms of complying a mitigation measure
compared to the reference case, which generallgrpacates public subventions but excludes
private transaction costs. The inability of captgrwider social cost implications and behavior
change considerations naturally leads to the existeof cost-negative/beneficial measures-
reducing GHG emissions and enhancing farm profitgbsimultaneously. Most of the cost-
beneficial mitigation measures mainly relate touatipent techniques to increase production
efficiencies, i.e. measures that maximize outputh wconomies of inputs. Nutrient, especially
chemical N fertilizers, management practices irplanads to increase NUE are highlighted across
studies. Reduced tillage and better residue manageare also identified as cost-beneficial
options. Abatement potential from cost-beneficidasures range from 34% (this study) to as
significant as 3/4 (Schulte et al., 2010) of tatgticulture mitigation potential (see Table 4-6).

A review of MACCs literature also suggests thaetcd measures are capable of delivering
economically viable abatement below thresholdsbseta reference carbon price. Grassland
management practices generally fall under this tgbeinexpensive measures since their
implementation is assumed to entail small changesutrent practices and does not require
significant capital investment. Moving rightwardsrag the x-axis, costs are climbing in excess
of the defined carbon price to reduce one unit B3Gemission due to incremental requirements
for significant financial investment without immatkt payback, important human labors or
specific inputs/additives. Lipid addition to theetlior livestock feed supplements are generally
deemed as such cost-prohibitive measures.

Mitigation potential results from international MACstudies can be divided into three
categories depending on the scope of accountingections (Table 4-6). The first category (I)
guantifies emission reductions that could be ceedib the agricultural sector in the national
GHG emissions inventories. National inventoriesof@lprincipally the IPCC methodologies and
generally don’t account for the expected mitigataoising from certain abatement actions. This
is the case for actions promoting carbon storag®ils (e.g. conservation tillage) as well as for
measures aiming at reducing emission factors thrcaihancing productivity (e.g. enhanced
efficiency fertilizers). It worth mentioning thaPCC Guidelines do provide methods on how to
account for changes in cropland soil C stocks bogtroountries opt for non-inclusion of soil C
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change. These mitigation opportunities are capturedthe second category (Il), which enlarges
the mitigation perimeter by taking into account d@hdrefore delivers higher potential than the
category |. Finally, Life Cycle Analysis (LCA) callalso be conducted to assess the overall
impacts on climate change associated with eaclgatibn measure (category ).

Table 4-6 Comparison of agriculture MACCs results

Mitigation Potential (MP) Accounting Category
| Il

Reference \ip at 0<MP< Carbon i

Region ©€@00N  hegative- carbon price< Accr_ed:table_ to Enl_argled sc%pe (e. Life-cycle  Reference
cost price MP agricufture in Inclu. carbon Analysis
(€/tCO2e) national inventory  sequestration)
of total mitigation potential of baseline agilitire emissions
China 48 34% 20% 46% <17% 34% This study
UK 45 55% 25% 20% 22% Moran et al. (2010)
France 56 39% 49% 12% 10% 30% Pellerin et al. (2013)
Irish 24 74% 19% 7% 6% 14% 17% Schulte et al. (2012)
World 23 50% 37% 13% 13% US EPA(2013)

Source: Compiled by the author

The most common approach for quantifying agriceltumitigation potential falls into
category Il and the results range from 13% to 34%aseline emissions. Strictly following the
method for national agriculture inventory, the FlenMACC study (Pellerin et al., 2013)
concludes a cumulative national mitigation potdrdfal0 Mt COe in 2030, accounting for 9.5%
of agriculture emissions in 2010 (the baseline)ingyghe second category methodology, the
potential rises to 32.3MtC®, more than 3 times the result adopting the irargnapproach.
Under a feasible policy environment, the UK MAC@eals a combined (i.e. crop and livestock)
sector total central abatement potential for 2@#&cpunt rate 3.5%) of 9.85 MtG& equivalent
to about 22% of the 2005 GHG emissions in the Ukis Tesult falls into the category Il beyond
the scope of inventory accounting. The Irish MACRalgsis shows that the total maximum
biophysical abatement potential amounts to 2.7 MeCger year by 2020, corresponding to 13.5%
of the estimated 2020 baseline emissions. Howardy, 1.1 MtCQe could be recorded to the
agricultural sector in the Irish GHG Inventory. Bdson LCA analysis, the potential rises to 3.4
MtCO.e per year. The US EPA (2013) estimate of totalgatibn potential for the agriculture
sector worldwide is the least significant in terofsits percentage (13%) relative to defined
baseline emissions

However, such a comparison calls for precautiongrgithe differences in scope, context,
reference scenarios, modes of emission calculatoiigation options encompassed, cost
assumptions and the sensitivity of these studies. &xample, compared to other work, the
French MACC study claims to be more conservativécivionly considers typical mitigation
options that are technically available and easyntplement such as fertilization, tillage and
legumes practices. This choice may lead to mitigeéind cost estimates more robust. The French
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MACC also uses a static baseline of 2010 agricalleemissions while others generally adopt
projected reference emissions for 2020-2030 basexfaculture activities forecast.

In short, the comparison allows us to conclude thiigation potential from negative and
medium cost accounts for a lower proportion of tb&al potential in China than in other
jurisdictions/worldwide. Secondly, the existence iofportant negative-cost potential in our
MACC results is not specific to China, but ratheigmated from the methodological limits
inherent to the bottom-up engineering studies. IFinavith the overall feasible mitigation
potential representing 34% the projected baselmissons in agriculture, this percentage is the
highest of all countries listed in Table 4-6, andigant part of which resulted from the massive
reduction in synthetic N fertilizers in China wheneerconsumption is phenomenal.

Comparisons with domestic MACC studies for othetcss

From an economist’s point of view, the most efintiapproach in combating climate change
is to tap the lowest cost mitigation potential asrthe full spectrum of economic sectors. In other
words, the cheapest units of GHG should be abatsd I is therefore worth comparing the
agriculture MACC results with those of other sestoaf the economy in anticipation of an
efficient economy-wide allocation of future redwactitasks. There are limited numbers of MACC
studies for Chinese economy and the literatureefer ito is mainly the report by McKinsey&Co
(2009a) assessing GHG emissions abatement optiotie ifive major sectors and the work by
Xiao et al. (2014) for the building sector.

Table 4-7 Comparison of MACCs results across see®

Baseline Total Mitigatior Total MP of Percentage of

Sector Horizon emissions Potential(MP)  baseline MP at negative/ Discount rateReference
(MtCO2e) (MtCO2e) emissions neutral-cost

Power generation 2030 5400 2800 52% 5% 4% McKin€y@009a)
Emission-intensive 5, 4800 1600 33% 42% McKinsey&Co(2009a)
industry
Road transportation 2030 1800 600 33% 30% 4% Mai&€0(2009a)
Buildings and 2030 3200 1100 34% 70% 4%  McKinsey&Co(2009a)
appliance
Building 2030 2390 500 21% 66% 10%, 159%iao et al. (2014)

i 0, 0, 0, 0,
Agriculture and 2030 1040 640(29_0 from 62% (2_6 % for  41% (7_0 % for 1% McKinsey&Co(2009a)
forestry agri.) agri.) agri.)
Agriculture 2020 1195 402 34% 34% 4.5% This study

" 15% for residential buildings and 10% for commdrbizldings

Some aspects for comparison are summarized in Bablbut the results should be regarded
indicative rather than absolute given the differassumptions underpinning each study. For
example, the discount rates used in these resesareinge from 4% to as high as 15%. The
McKinsey&Co work is the most comprehensive in tewhgovered sector but far less thorough
and updated than the Xiao et al. (2014) researeh. agriculture mitigation technologies were
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considered in the McKinsey&Co report, which coné@sich less significant mitigation potential
than the current study for the agricultural seciMe find that the proportion of mitigation
opportunities relative to baseline emissions incagfure is comparable to other sectors and cost-
beneficial abatement is of considerable importafides justifies the proposition to integrate
agriculture into the national mitigation strategies pick those “low-hanging fruits” in the
agricultural sector.

4.2. Uncertainties and sensitivity analysis

All available scientific and technical data andoimhation has been mobilized to conclude as
accurately as possible the abatement potentialnaplémentation cost for each measure captured
in this MACC study. Still, such a process entailsed of uncertainties, some of which are
inherent to the bottom-up MACC exercise while oshare specific to the assumptions made in
this study. Uncertainties arise from three aspetis: per hectare abatement rate, the feasible
extent of measure adoption in 2020 and the unit gbseasure implementation. The first two
uncertainty sources principally originate from teiclal obstacles impeding a more profound
investigation of measure abatement potential arglicgbility, for example on the provincial
scale. These uncertainties will reduce along witle progress in scientific research and
technological evolution. Uncertainties in costs arainly related to the assumptions made on
changes in various inputs/outputs and price fotec&shough it is ideal to use sensitivity
analysis in the face of key uncertainties or détardpancies in all stages of MACC construction,
here we focus on a sensitivity analysis to as$essobustness of cost estimates.

If we assume no alternation in input/output prioésgriculture production, in other words
maintaining prices in 2020 identical as in 201@aftiscounting, the overall cost shall increase
but consequences are different among measures. iMeasures see minor changes in their
implementation cost, such as measure C1, C5, Can@&9. Measure C2 on managing the time
and location of fertilization becomes more coseetive by 57% while the per hectare cost of
measure C7 on returning straw to uplands shall 3% Bigher. Measure C4 (Fertilizer best
management practices of cash crops) sees the tlarigasge in cost-effectiveness from -2122
¥/COse to -248 ¥/C@e but remains cost-beneficial. The particular gaseeasure C3 (Fertilizer
and water best management in rice paddies) whigrses its profitability from cost-prohibitive
(391 ¥/CQe) to cost-beneficial (-179 ¥/GE) in abating one tonne of G&® This suggests that
depending on the production aspects they intendddify, mitigation measures are sensible to
different price factors to varied extent.

We choose first to vary the equivalent salary lesehuman labors to examine its effects
because Labor equivalent salary is an essentiatrdetant given the phenomenon of increasing
labour scarcity in rural areas. In the current gtwehen a measure entails additional labor forces,
the per day hiring wage instead of equivalent fgrtabor salary was used to account for the
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opportunity cost due to the insufficiency of wodtdes in rural China. A 5% increase in the labor
wage will result in a 126% increase in the totabliementation cost and a 10% increase leads to
256% higher costs. On the other side, if the lakbage decreases by 5% and 10%, overall cost
will decline by 16% and 106%, respectively. C3hHe tneasure most sensitive to alternations in
labor payment, the 10% increase in labor wage lemds30% increase in its implementation cost.
If nominal labor wages grow at an annual rate @%@ .relative to the 6% rate in research,
adopting measure C3 will entail no additional burde farmers. But such a low increase rate
scenario is unlikely to take place given the grdlguserious problem of labor scarcity in rural
areas.

Since most measures target a modification in syitinefertilizer use, a change in chemical
N fertilizer price would certainly affect the cast each measure. During the timespan of 2010-
2014, the N fertilizer price begun to decline atigpeak in 2008/2009 owing to the overcapacity
of N fertilizer plants and the government’s varicagsidies (more details in section 2.4 of
chapter 5). If the declining trends persist, e.deRilizer price (nominal value) remains stagnant
from 2010 to 2020, measures (C1, C2, C3, C4 andafd7ipg at reducing the N use will become
economically less attractive while C8 will be cheafp adopt. C1 is most sensitive to variations
in N fertilizer price since its mitigation costéxclusively determined by the fertilizer price. We
can conclude that higher N fertilizer prices wid lmore conducive to encourage the adoption of
mitigation measures provided that farmers are matiand well informed on the optimal fertilizer
rates and techniques. This means the governmeds rieeshift from the traditional policies on
heavy subsidies encouraging massive N fertilizey. @therwise, farm-scale use of chemical
fertilizer use will not respond to an increase ertifizer because of the low inelasticity of
fertilizer demand price from past experienEerQuharson et al., 2010; Zhang, 2012

Output price is another variable to be tested whidhgreatly affect the cost—effectiveness
of those measures increasing yields. In the futifireutput selling prices are 10% higher than
those in the current study, the cost-effectiver@ds€2, C3, C4, C6 and C9 will rise with C4
being the most sensitive of 24% change.

Finally, we test the effects of different privatsabunt rates which reflect agents’ perception
of opportunity costs. When we vary the social distaate from the current 4.5% to 3% (Bank of
Saint Louis), the average cost shall increase BYoAvhile decreasing by 5.6% when a higher
discount rate (5.7%) is taken, which is equivalentthe five-year average Loan Prime Rate
defined by the Bank of China.

4.3. Significances and limits of MACC studies

Significance of MACC studies
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This research work on MACC analysis representsfitise attempt to derive a bottom-up
evaluation of technical and economic abatementpialdor the agricultural sector in China. The
findings provide an overview of important low canboptions in agriculture and their cost
effectiveness. Although low carbon development pilag always involves more considerations
than merely selecting the measures with the ledditianal costs or largest abatement potential,
MACC results suggest an initial indication of prigrinterventions in the design of efficient
policies. It also enables the comparison of econawailability of agriculture mitigation options
with a benchmark carbon price and abatement inaffeer sectors of the economy. The
investigation on economic potential is timely armtemtially paves the way for identifying an
agricultural contribution to national GHG reductitergets, either through carbon taxation or
offsetting projects or eventually as part of othexding arrangements, which will be fully
discussed in chapter 5.

The MACC construction itself suggests numerous anese priorities in terms of tailoring
practices to local biophysical conditions, thugwalhg a more accurate estimate of measure cost-
effectiveness. For example, straw returning modey gignificantly among regions, including
direct incorporation, straw mulch and incorporatitmirying into ditches, fast decomposition
before returning and others. The Chinese governimestalready initiated programs to improve
domestic research in the field of climate changégation and agriculture. For example, the
ongoing research project “Integration and demotistraof key carbon sequestration and
mitigation technologies in agricultural ecosysterastredited by the Chinese Ministry of Science
and Technology for the 12th Five-Year Plan periashires to identify appropriate mitigation
measures for major cropping systems, to quantifgteabent rates and to model mitigation
potential at the regional level.

Limits of MACC analysis

The MACC study was conducted using a bunch of dasaumptions and experimental
evidence which is currently limited and may impetfireflect the real biophysical heterogeneity
in agricultural systems. These include the assumptiabout baseline activity projections
(including input and output prices), measure abatgnrates, their spatial applicability,
implementation costs and adoption levels. The MA&Ercise aims to make these assumptions
transparent and therefore provides a basis foraamggmprovement of technical and economic
mitigation estimates.

Since measure costs in this study represent typiailage values across China, errors may
source from two aspects. Firstly, on-farm practizegder a mitigation measure are not unique, but
rather should be tailored to local circumstandess tentailing varying economic implications for
farmers in different regions. Secondly, agriculturgput prices and rural labor wages vary
significantly among regions determined by local remuic development levels as we show in
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section 3.3. The cost effectiveness of mitigatiptians will also change in response to factors
such as R&D investment, learning effects, econorofescale and the indirect effects of non-
GHG policy.

In addition, this study did not include a quantitatassessment of indirect and ancillary
benefits and costs of identified measures. For gi@mmore efficient use of N fertilizers and
organic manure are positively correlated with wageality. On the other side, reversing farmers’
traditional practice of high reliance on N inputcaessitates huge government investment and
efforts in educating farmers and advancing rurdem@sion service systems. Consideration of
these benefits/costs shall largely alter the ctisti&veness of measures, but remains challenging
to be quantified in monetary terms.

Barriers to measure adoption

The overall technical potential in the MACC graphépresents the total abatement that can
be realistically achieved wherever biophysicallggible. By setting a reference carbon price, the
economic potential can be derived. Unlike the syygpde or equilibrium models, the engineering
approach concludes some measures permit simultaneost and emissions reduction. The
important share of abatement from negative-costsorea appears puzzling from an economist’'s
perspective as we wonder why such profitable measare not already implemented by farmers
in the baseline. There are several possible exiptasato why these apparently unrealized
savings exist. This brings forward the notion ofrke& potential which is the potential actually
seen under current market conditions (Smith, 26igyre 4-6).

First, farmers have entrenched views on the lirdtg/ben inputs and yields (Wu et al., 2011)
and are generally risk-averse faced with new teldgies and practices. Second, given the small
scale of Chinese farms, savings from rationalizMigapplication rates are perceived to be
relatively insignificant by farmers, particularlyhen fertilizer prices are kept low by subsidies
(Zhang et al., 2013). Third, increasing rural laBbortages raise the perceived opportunity cost
of the time required for mitigation activities. Ftuy weak agricultural infrastructure and poor
rural extension services are a hindrance to measlogtion. For example, although scientifically
justified fertilizer recommendations have been tigwed for major crops and cropping systems
(Zhang et al., 2009), the absence of good exteraiwite hinders information dissemination to
millions of smallholder farms widely distributed thvilow levels of mechanization. In the same
vein, the poor supply of artificial inseminatiomngees to livestock farmers can be attributed to
large distances between farms. A solution for wosild be the implementation of a tight grid of
breeding farms to cover the whole country. Alteiedy, the challenge of implementing more
efficient and environmentally sound practices cdoddsolved by the ongoing consolidation of
agricultural land and more ambitious governmentegtment in infrastructure. More detailed
behavioural and institutional challenges are add@sn relevant mitigation (e.g. Moran et al.,
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2013; Zhang et al., 2013), some of which are spetfthe structure of Chinese agriculture and
its role in national policy on both food securitydarural development. How a carbon pricing
mechanism may be helpful to overcome these obstaglebe elaborated in chapter 5.

Figure 4-6 Relationship between technical, economand market GHG mitigation potential
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5. Conclusion

This chapter moves from a technical potential t@stimate of feasible economic mitigation
potential of GHG emissions from Chinese agricultwector, with a focus on croplands. The
methodological approach involves the use of a bottip engineering MACC, which offers a
rational to combine biophysical and economic dagareflect the mitigation costs. And it also
allows aggregation of the mitigation potential mgsfrom the application of a subset of cost-
effective measures above a notional baseline Eattivity, i.e., the BAU scenario.

The MACC results demonstrate that while the whajgcaltural sector offers a maximum
technical potential to cut 402 MtG®in 2020, a reduction of 135 MtG®is potentially available
at zero or negative cost (i.e. a cost saving),1af@IMtCQe (approximately 48% of the total) can
be abated at a cost below a threshold carbon pfitess than ¥ 260 (approximately €32) per
tCO.e. About half of the maximum potential is estimated be realized through carbon
sequestration in agricultural and grassland sbilshe arable sector, the full technical potential
results in a cut of 149 MtC®, of which 65 MtCQ@e could be abated with gains to farmers. Best
fertilizer management practices for both grain @adh crops are the largest source of cost-
effective mitigations. Better manure recycling pi@es to croplands could also provide sizable
mitigation but requiring higher economic comper@ati
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We also outlined the various assumptions underlyirg MACC construction, which will
inevitably introduce uncertainties to the MACC rigsuDifferent hypothesis on economic and
social development levels would affect agricultyoabduction levels and prices of its inputs/
outputs; therefore it could alter the cost-effestigss of mitigation measures. More regional
research is also needed in the future to fix threakses formed by the significant heterogeneities
in Chinese agriculture systems and mitigation jcast Nevertheless, the MACC results
conducted here can lead the first step to iderthfy best mitigation actions that should be
integrated into the plan in priority for sustairaldnd low-carbon agriculture development.
Furthermore, it calls for development of approgrigtolicies and instruments (including
economic incentives) in a bid to accelerate thestficrmation of economic mitigation potential to
realizable market potential, taking account of eatragriculture policy environment and market
conditions.
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Chapter 5 -How can economic Incentives trigger
abatement in Chinese agriculture?

The constructed MACC reveals information on the taeip@nt potential and cost-
effectiveness of mitigation measures in the agtical sector. Realizing the identified mitigation
potential raises the question about which tool omigination of instruments should policy
makers take to achieve overall efficiency. There aeveral instruments available in the
economists’ toolbox to integrate the cost of enwinental damages into the economy. Economic
instruments aim at addressing the negative exigasabf excessive GHG emissions by putting a
price on carbon. They can be either price-baset asccarbon taxes or quantity-based such as
tradable permits, generally called cap & trademission trading schemes (ETS).

A carbon tax is a tax levied on the carbon contérthe products used in the economy to
create incentives for lowering GHG emissions. Téoe rate is set by the regulator and may be
subject to adjustments over time. In a cap & trsygltem, the central authority fixes a cap on the
amount of emissions and allocates or sells thesssen permits to mandatory participants.
Regulated entities under the scheme have to cdw@r ¢missions by a sufficient number of
permits. Emitters with excessive emissions may pagmits from other sources that require
fewer permits. Such demand and supply of emissesmips therefore determines a carbon price
on the market. A cap & trade scheme is often linkatth an offset mechanism which allows
covered entities to use credits generated by pojeducing or sequestrating emissions outside
the scheme’s perimeter, for compliance under tipe&crade scheme. In principle, offsets allow
a transfer of knowledge and technology and unloskestments outside the scheme while the
scope of possible mitigation options is expandbedraby reducing compliance costs within the
scheme. Project-based offsets also underpin thantarly carbon markets.

This chapter will first present the fundamentalsusing economic instruments in limiting
GHG emissions and the practical experience of Earfeiscarbon taxes, particularly agriculture’s
involvement (section 1). We will then look closehto China’s move towards pricing carbon
domestically and the negative implications of femr subsidies in China (section 2). Section 3
will examine the specificities and difficulties pltting a price on carbon in the agricultural
sector and propose possible solutions. Based opdhey context and sectoral challenges, we
will put forward some suggestions on the possiblysvto use market-based instruments to
effectively mobilize mitigation potential in agriture (section 4). Section 5 will summarize the
propositions to reorient incentives of Chinese @gtiral policies through the mechanisms of
carbon pricing.
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1. Pricing carbon in agriculture from theory to practi ce

1.1. Theoretical background on integrating environmentalissues into the economy

The theory of using economic instruments to addessgronmental issues rests on the
concept of externality, which was introduced by Erglish economist Arthur C. Pigou (1920)
and underpins modern welfare economics. Environahergxternalities refer to the
uncompensated environmental effects of productir@ha@nsumption on a third party outside the
market mechanism. In the presence of negative readiBes, private costs of production don't
account for the social damage cost, leading to -puweduction or over-consumption of this
product rather than achieving the optimum. Pigagues that this problem can be effectively
addressed by imposing a tax to the market activitigtailing negative externalities; or in other
words, polluters should pay for the damages they ltaeated. As such, the market activity will
automatically adjust to a new and healthier equiiln. A carbon tax which addresses the
negative externality of excessive GHG emissionscéefalls under the classification of a
pigovian tax.

In Pigou’s theory, it is assumed that public autigas able to determine the marginal social
cost of a negative externality to efficiently carenarket failures. However, in practice, many
economists challenged the possibility to accuratedasure the social costs of any externality and
determine the optimum output level. The effectiemnef direct government intervention was
particularly questioned by the British economistnBld H. Coase (1960). He advocates that
negotiations and bargaining could lead to an effitibutcome without the need for a third party
intervention regardless of the initial allocatioh jroperty as long as the property rights
(including the rights to pollute) are well definadd the transactions costs are sufficiently low.

Coase also admitted that transactions costs, hoyweweald not be neglected, and therefore,
the initial allocation of property rights often rexed. There are generally two normative
conclusions drawn from the Coase theorem. One as phoperty rights should initially be
assigned to the actors with lowest cost to addifessexternality. Another is that the authority
should minimize transaction costs so that misatlona of resources could be corrected in the
cheapest way.

Coase’s work laid the foundation for the conceptradlable pollution rights, considered as a
kind of property rights. In an emissions tradingcap & trade system, the authority sets a total
number of permits (the cap) and allocates or sbsn to covered entities. Liable emitters are
required to hold a number of allowances equivatentheir pollutions/emissions levels. The
permits are allowed to be transferred and such ehar&ding practices will determine the price of
the permit. In theory, since entities have theillgity to use least-expensive solutions to comply
with their assigned obligations, a given level bagement target can be achieved in the least-cost.
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In later years, Demsetz (1964), Crocker (1966) Batks (1968) gradually conceptualized
the instrument of emission trading and proposedgutiis tool for air and water pollution control.
Later on, cap & trade systems were further develge formalized by Baumol & Oates(1971)
and Montgomery(1972) and was first endorsed by gowent authorities in the USA as part of
the US Acid Rain Program of the 1990 Clean Air A8Bince then emissions trading is
increasingly being used as an environmental patioy/for pollution control.

The American economist Martin L. Weitzman, in higppr Prices vs. Quantities (1974),
attempted to characterize the situations in whigbepbased policies or quantity-based policies
would be proven more preferable under certain ¢ or in a particular context. In a situation
of ambiguity, Weitzman demonstrates that the bhsice depends on the respective slopes of
damages and abatement costs. In general, the adeanit a carbon tax lies in the visibility of the
price that is known to affected agents and alloWwsnt to integrate the cost into their
production/consumption decisions. But it is gergrdifficult for the government to access the
data on abatement cost to determine an accurateatexAs a consequence, the environment
target may not be guaranteed and it is hard teipate the effects on the rest of the economy.
Another disadvantage of a carbon tax is the infidiky to adapt to changing context. An ETS, on
the other hand, guarantees the achievement of cermental objectives but the price is
unpredictable since a carbon market is subjecthtmges in economic parameters which may
disrupt the basic functioning of the market.

1.2. States of carbon pricing around the world

Although carbon trading versus carbon taxationnsugh debated and documented issue, the
two most prominent carbon pricing instruments (bwyharid of them) have both been in operation
around the world to achieve emissions reduction tost effective manner. The World Bank’s
State and Trends of Carbon Pricing 20@bi(d Bank & Ecofys, 2014reports that in 2013 about
40 national and over 20 sub-national jurisdictiov@ldwide have launched or plan to initiate
carbon pricing initiatives. Together these carbaitipg schemes cover nearly 6 Gt&0O
accounting for about 12% of the annual global GH@issions. As more nations are taking
concrete steps forward on putting a price on carlioe share of GHG emissions covered by
carbon pricing instruments is increasing, provingigation actions are underway despite
sluggish progress at ongoing international clinmeggotiations.

Eight new carbon markets, i.e. California Cap &&drogram, Québec Cap & trade System,
Kazakhstan Emissions Trading Scheme, five Chindséing ETSs entered into operation in
2013, increasing the total value of the world’s ET&around US$30 billion. With a cap of 2,084
MtCO.e in 2013, the European Union ETS is still homéhlargest carbon market in the world
which started in 2005 and entered the Phase IB0ih3. China now houses the second biggest
carbon market with the operation of all the sevaoon trading pilots by July 2014 (more details
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in section 2). Other carbon trading programmesdlyeut in place include the Switzerland ETS,
the Regional Greenhouse Gas Initiative (RGGI) meriNortheast and Mid-Atlantic states of the
US, the Alberta Greenhouse Gas Reduction Progra@aimada, the New Zealand ETS and
several schemes in Japan. “While overall progrésseanational level in China and the United
States may take some time, it is remarkable tleawibrld’s two largest emitters are now home to
carbon pricing instruments.” However, on the othele, the Australian government’s plan to
repeal its Carbon Pricing Mechanism legislatiornadl as Japan, New Zealand and Russia’s
official statement to withdraw from the second catnment period of the Kyoto Protocol, are

significant setbacks of progress on climate actions

The other prominent economic instrument - carboqn teas been introduced in some
economies (particularly Northern European coungrégésa national level for about twenty years,
especially to regulate diffuse emissions (ElbezéeSPerthuis, 2011). Carbon taxes can be put in
place alongside an existing carbon pricing instmitmguch as in Ireland and France where carbon
taxes aim to capture the emissions not coveredruhdeEU ETS. Or, countries or sub-nations
may choose to pursue a carbon tax instead of an &IcB as South Arica. In most cases, when a
carbon tax is imposed, other types of tax (generatlergy or income) are lowered to maintain
the overall tax burden (e.g., Denmark and Finlamith the exception of Sweden. In the
meantime, entities that fall under the EU ETS aezlgally being exempted from carbon taxes to
avoid the potential loss of competitiveness duédwble carbon pricing burden.

Carbon pricing initiatives are projected to gainrenground with additional markets planned
to emerge in other regions such as South KoreaenherETS is due to start from January 2015.
Brazil, Chile, Costa Rica, Mexico, North Americaaddic Coast (Oregon and Washington),
Russia, Thailand, Turkey and Ukraine are also c@msig introducing carbon pricing schemes.
Some are moving steadily towards an ETS while stlaee assessing the effects of both cap &
trade schemes and carbon taxes to come up withalseappropriate policy options.

1.3. States of carbon pricing in agriculture

Agriculture in cap & trade systems

ETS systems in operation or to be launched aroosedvbrld all exclude agriculture with the
only exception in New Zealand (NZ) where agricidtuvas originally anticipated to fully enter
into the national ETS from 2015. Such an inclus®ijustifiable since agriculture accounts for
nearly half of NZ’'s GHG emissions. However, althbwgricultural participants are still required
to report their emissions, the start date for sudee obligations for biological emissions from
agriculture has been removed from the latest réigula(NZG, 2012). Acknowledging the
difficulty in recording attributable emission redionis, the Government indicatedbitlogical
emissions from agriculture will only incur surremdgbligations only if mitigation measures are
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technologically and economically viable and thedirg partners make more progress on
addressing their emissions.”

Overview of agriculture offsetting projects

Credits issued from offsetting projects can besifeesl into two categories distinguished by
the purpose of their use: the first is accepteddygulatory compliance markets (Kyoto and/or
(sub-) national schemes) and the other is trandaci® a voluntary basis for emission
compensation. The CDM and the Joint Implementatibnunder the Kyoto Protocol are the two
standards used to certify emission reductions ritgrnational compliance offsets. The Carbon
Farming Initiative (CFI) launched by the Australigavernment aims to encourage farmers and
landholders to undertake agriculture and landfilissions reduction projects which can be issued
credits eligible for the nation’s cap & trade scleemhe Alberta Offset system also gives access
to agriculture and land use activities with livestdeed, CH capture, soil tillage and other
mitigation protocols under consideration. The ClenAction Reserve (CAR) and the American
Carbon Registry (ACR) have shifted from voluntasypartial compliant standards since some
project types have been recognized as eligible tange offsets in the California’s ETS. On the
voluntary carbon markets, nearly all offset praggebtive adhered to a third-party standard for
crediting and the most used standards are the id#rifCarbon Standard (VCS), the Gold
Standard (GS), the Chicago Climate Exchan@CX), the CAR and the ACR (Peters-
Stanley et al., 2013). We provide in Table 5-1 msary of registered carbon offset projects
related to agricultural activities and the averagaual credits that were issued under each sub-
sector.

As of May 2014, about 1,067 offset projects asgtediavith agricultural activities had been
registered under a carbon certification programfsed, with an average mitigation effect of 28
MtCO.e each year. Foucherot & Bellassen (2011) estim@dagricultural projects accounted
for about 14% of total registered projects acrdksseztors but issued credits representing only 7%
of the annual total. The 28 MtG® mitigation benefits delivered by these projects minor
compared to the huge abatement potential identifiethe agricultural sector (IPCC, 2007).

Over 95% projects were developed in the three salbss of bio-energy from agricultural
residues, CH recovery from livestock manure and soil carbonusstration, which don’t
necessarily correspond to the scales of emissdbraxd mitigation potential from each sub-
sector (e.g. improved N fertilizer use can delivaportant NO mitigation benefits but are
almost absent in the offset markets). The highestal emission reductions issued from the soll
carbon projects, exclusively under the CCX andut,the former of which has become inactive
since 2013. CCX soil projects involve no-till praes and the conversion of cropland into
meadows, and a sequestration rate (e.g. 0.5-1.5et6&)yr for no-till) was assigned to quantify
credits instead of field soil measurement. Bio-ge= produced from agricultural residues (e.g.
bagasse, rice husks, mustard-seed crop) come aetimnd place, with an average of 9.8 Mt
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CO.e delivered each year mainly by CDM projects. Thiedtlargest project type is livestock
manure management, spreading among all standahish \mainly involves biogas generation
while a few targeting manure composting treatmé@ther types of projects account for a tiny
proportion of the agricultural offset markets.

Table 5-1 Average annual credits issued (ktC&) and number of agricultural projects
registered under each standard (as of May 2014)

Sub-Sector perfilizer  Manure I?:g;sr;errgi;y Agro- Energy  Soil carbon . .| Sub-
use management ! agrl. forestry consump. sequestration 9 total
Standards residues
4577 8776 0 13353
oM (246) (445) © | 92
0 18 0 18
COMPoA @7 3) ® | e
31 218 203 1222 4209 5851
4) (9) 2) (7) (22)
388 651 6455 7494
cex (58) (20) (65) (143)
216 0 27 0 243
VCS
(10) (1) (1) 1) (13)
252 252
CAR (104) (104)
6 6
ACR @) @
455 199 653
e (18) @ (22)
EDF China 78 44 138 260
projects 2) (3) (2) (6)
Sub-total 78 6155 9847 0 1249 10664 138 28131
(2) (480) (481) (1) 3) (73) (4) (1025)

Note: figures in the brackets represent the nurobeegistered projects. Not all registered projéwtge been issued
credits. Projects coordinated by the American EBRv{ronmental Defense Fund) in China has not sotigjid-
party certification; but were rather monitored amdified by domestic research institutions.

2. States of carbon pricing in China

2.1. Development of carbon emission trading schemes inhha

From inception to implementation of domestic carbmarkets

Until mid-2013, China was familiar with carbon tnagl only insofar as it had participated as
a major supplier of international carbon offseteotiyh the CDM framework but no domestic
carbon pricing mechanism had ever been in plac#h wWie exception of some voluntary
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initiatives. The past experience (section 3.2 @ptar 1) indicates that the potential of command-
and-control regulatory approaches, which were uh#n extensively employed to deal with
energy efficiency and conservation issues, had shibwir limits. Hence, reaching for stronger
and sounder commitments on emissions and energguomgtion required additional policy
measures, such as economic instruments which garica on carbon to incentive emission
reduction practices. Among the menu of possiblecpahstruments, a carbon trading scheme
was appealing to the Chinese authorities in thatféred flexible options for companies in their
compliance strategies while preserving some cotitnmothe authority, notably in incentivizing
firms towards low carbon investments over the Itergn. Indeed, a domestic ETS has been eyed
since 2009 when the NDRC first expressed its dégitest carbon trading through pilot schemes.

The 12th FYP is the first official document thatpbgitly pinpoints carbon trading as a
central policy measure in economic restructurind shift of growth pattern. In October 2011,
the NDRC picked up five cities (Beijing, Chonggirhanghai, Shenzhen and Tianjin) and two
provinces (Guangdong and Hubei) as the seven gibotest carbon emissions trading (NDRC,
2011). The national government entrusted the laa#horities with the responsibility to design
their own ETS based on soft national guidelinestlst various ETS plans could roughly
converge on many design elements but there wouldréat leeway left for specific details to
accommodate regional circumstances. This divelsitjeatures also allows for the pilots to
provide feedback on different design elements andhow carbon pricing affects regional
economies. Drawing on these local experiences, nditgnal government should be better
prepared to design the features that a potenttadred ETS ought to contain, should such a roll-
out come to life.

Current status of development of regional ETSs

As of August 2014, all seven ETS pilots have sthdperation. Annex 8 briefly summarizes
the market design features, some of which may wadgly, reflecting diverse circumstances and
priorities in the localities where ETS are impleteeh Here we debrief majopillars of ETS
features and highlight differencein market design across pilots. For more details on the
market design and development, readers can refdotm (2013), Quemin & Wang (2014),
World Bank & Ecofys (2014) and Zhang et al. (2014).

Coverage.Akin to existing ETSs around the world, pilots aact for only CQ emissions
with the exception in Chongging where the six GHi&s covered. ETS pilots in China cover
emissions from fuel use and combustion in the paeetor and (heavy) industries (cement, iron,
steel, etc.). Apart from these traditional sectather covered sectors vary greatly between
schemes but what is really interesting is the isioln of buildings or transport in some places.
How and to which extent it is done will be internegtto follow. Public and commercial buildings
are to be included in Beijing, Shenzhen or Tianjivith the exception of the Shanghai ETS
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which includes aviation, transport is generally laged from the scope for now but may be
included in the future. While some pilots like TjiaAChongqging/Hubei concentrate on a limited
number of energy and industry sectors, almost edtags of the economy are capped in the
Shenzhen ETS. In Tianjin, Chongging, Guangdong Sinanghai the inclusion threshold is 20
ktCO.e per year while cut-offs are lower in Beijing aBtdenzhen, so that, on the whole, more
companies are enrolled in the two pilots when caegbao the size of each market. It is
suggested that a potential national scheme is fik@ly to resemble that of Hubei covering only
industry and electricity/heat entities with the legt inclusion threshold (120 ktG&yr) rather
than the innovative Shenzhen. Agriculture is natlinhe seven ETS piloting programmes.

Emission Caps Despite that national and regional climate/endeggets are expressed in
intensity basis, the NDRC requires pilots to pusdiite caps on emissions. Determining an
absolute cap from intensity targets is quite a lehgk in itself since different production
projections must be made for each sector. Disclaeaed cover roughly 35 to 60 percent of each
region’s emission totals. Beijing and Guangdong taee only two pilots that enforce explicit
absolute emission reductions. For instance in Bgifirms in the manufacturing and service
sectors will see their allocation shrink each yé&am 98% of 2009-2012 emissions in 2013 to
94% in 2015. Caps are not always given and whenviknihe figures often lack accuracy and
local governments have yet to disclose their catouh methods.

Allowance allocation rules & revenue useln general pilots have opted for free allocation
based on grandfathering for most permits. Althobgtorical emission periods used to calculate
these allocations differ across pilots, they aly@pan a few years (2009-2012 at most) due to
limited available data. When specified, benchmanles used to treat the case of new entrants.
Last but not least in Shenzhen allocation is paotyput-based. While liable companies are
generally endowed with permits on an annual balsese is only one one-off allocation for the
whole pilot phase in Shanghai and potentially ier&then so that liable firms can smooth their
use of permits over the whole period. Another idgéng feature is early reductions rewards: in
Shanghai firms can earn extra allowances for ealipns while in Hubei 20% of all free permits
are granted on an early-reduction basis.

Auctioning is often mentioned as a complementalycation method whose share should
increase over time. For the time being though @iyangdong requires 3% of its annual cap to
be auctioned and has completed several sessiomgiationing. Participation at auctions is
mandatory since liable firms are required to flvaly the 3% of allowances set to be auctioned
before being endowed with the remaining 97% of fyeemits. The government said it intended
to bring the revenue from auction for general feiah management. The Hubei provincial
government also auctioned 2 million credits setieepof 20 yuan per permit two days ahead of
the official launch of the ETS. The interesting &as Shanghai which held an auction on June
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30" -the final day for allowances surrender, to hélpse in short of quotas acquire their missed
allowances.

New entrants’ reserves amount to about 6% (or 2D &md 2% of the overall cap in
Guangdong and Shenzhen, respectively. Other philat® yet to disclose how they intend to
allocate permits to new entrants. In case of clsurrelocation of activity, compliance of past
activity should be completed and, when specifi@d®f the following year allowances shall be
taken back so as to minimize the incentive for pliahts to receive allowances and then shut
down to sell permits. In the same vein, quotas|dbalreallocated when activity changes —
whether reduced or increased — beyond a predefarege.

Price management mechanismsGenerally speaking pilots have chosen to manage pri
volatility through a variable permit volume meanih@t the authority can intervene in the market
by selling more (if prices spikes) or buying baekmits (in case of oversupply). It involves the
creation of both an allowance reserve by settindeaa share of the cap and a monetary fund
dedicated to market intervention. The size of tinedfis not given, except in Hubei, nor is its
origin, except in Shenzhen where auction proceseslexplicitly dedicated to this purpose. In the
same vein, the size of the allowance reserve,elitit of governmental intervention as a share
of the cap, is not always detailed, as in Beijingbanghai. In Tianjin, 15% of the annual cap is
set aside in the reserve. Similarly in Guangdo@gmillion quotas of the annual cap are moved
to the reserve. In Shenzhen, lastly, the reserveade up of 2% of the annual cap plus leftover
from auctions and government-purchased allowances.

Banking is always allowed during the pilot phaseept in Hubei where both banking and
borrowing are explicitly proscribed. Symmetricaitybanking, borrowing allows liable entities to
use allowances from future compliance periods waade. Explicit borrowing is forbidden in all
pilots, but the exception is Shanghai where padicis have already been endowed with free
permits for the whole pilot phase (one one-off @kton for 2013-2015).

Offsets. Allowed offsets include credits issued from theioral scheme (i.e. the CCER to
be fully discussed in section 2.2) as well as lgcapproved offset projects in certain places.
Generally speaking, compliant entities are allow@adaneet up to between 5% and 10% of the
emissions obligations with government-approved etéis On top of that a certain amount of
CCERs must originate from the region where the El8cated in. For the moment, Guangdong,
Hubei and Beijing require at least 70%, 100% an% %0 offset compliance to stem from local
projects. In addition to the quantitative and lamatrestrictions, some pilots also imposed
gualitative limits on offset types. Beijing rulesitocertain types of projects owned by liable
entities but allows local carbon credits from eyergnservation and forestry projects (i.e. credits
not seeking CCER accredition). Chongging excludesdpower from eligible project types. At
the time of writing, only a few advance purchasefiure CCER have occurred. The latest trade
to date has been settled at around 15-20 yuanfiset,avhich stands around the allowance prices.
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Quemin & Wang (2014) estimated that the maximum R@Emand to be around 55 Mt for the
2013 compliance. For the seven schemes taken tagétn the 2014 and 2015 compliances, the
annual allowed amount of usable CCERs would addoup maximum of 85 Mt. Given the
number of projects that could apply for CCER issaariuture supply is foreseen to be huge in
comparison with annual demand.

Monitoring, Reporting, Verification (MRV) standards and enforcement. A specific
feature of Chinese MRV system is that the liabifdyls on the compliance unit and not the
installation level as in the EU ETS. Local DRCs antrusted to formulate MRV guidelines for
their ETSs which may differ from one another. A¢ time of writing, Shanghai and Shenzhen
have released guidelines on emissions quantificaitd reporting based on 1ISO 14064-1: 2006
terms, and Shenzhen also published the verificagigdelines. In parallel, NDRC is currently
developing a national electronic reporting and fiecaiion system. In a move to strengthen both
emissions database and reporting means, in sy, non-compliant firms are also required
to report their emissions. The inclusion threshditsmandatory reporting only are lower than
those for direct liability under the cap. Enforcermmeasures and fines in case of fraud or non-
compliance are summarized in Annex 8 and vary agodsts. Roughly speaking non-compliant
firms must pay a fine of about three times the agermarket price for each missing allowance
and will see their following year allocation be uedd by one time the missing amount, or more.

As of mid-July 2014, five of the seven pilots hamnpleted the first year compliance. All
entities in Shanghai have fulfilled their obligatto while two firms in Guangdong have not
surrendered sufficient allowances. The number ofcampliance emitters is four each in Tianjin
and Shenzhen while compliance information has abbgen disclosed in Beijing.

The special case of the power sectoin 2011, power and heat generation roughly
accounted for half of China’'s G@missions. China’s electricity production is héaeoal-fired,
accounting for 66% of its total installed genematicapacity and 77% of its total electricity
production in 2011. Since electricity price is fikeand power dispatch regulated by the
government in China, encompassing the electri@gts in the ETS may well be the greatest
challenge of all but it is also essential in natame feasible. Although the optimal scenario would
be to completely repeal the current regulatiorhst decisions could be made as a response to the
price signal, this option deviates from the auttysimain focus on electricity price stability and
supply security. Nevertheless, carbon pricing canntroduced ahead of full open-up of both
price and dispatch regulations and still be effectiAs the pilots have opted for, the best option
in such a context is the upstream coverage ofaaligp plants while other sectors may be covered
downstream. Given that electricity prices are fiad no carbon cost pass-through is feasible
double counting is likely to occur for electricitgtated emissions since both power generator and
large electricity consumers are liable.
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2.2. Regulatory conditions of domestic offset markets

Different from the laisser-faire approach taken ltaral governments testing carbon trading
programs, the central government has unified andimnal level the procedures for generating
project-based offsets. In June 2012, the NDRC selgdhe interim VER Rules (Measures for
management of Voluntary Emission Reductions Tradimas in China) establishing the
regulatory guidelines for domestic project-basddatfmarket. In doing so, the NDRC intends to
centralize the management of offset credits ekgfbl compliance use in the 7 ETS pilots so that
it might ease and boost ETS development. Credgpecting these rules are labeled CCERs,
standing for China Certified Emission Reductionise Entire approval process closely resembles
that of the U.N. CDM mechanism, with the NDRC bethg counterpart of the CDM Executive
Board in that it oversees the development of meilugiles, projects registrations and hosts the a
national registry. China-based producers of CERetéf are given a possibility to convert their
U.N. approved yet unsold credits into CCERs vieeaegistration process. In contrast to the
allowances issued during the pilot phase, CCER$dcbea transacted across borders and are
likely to have a higher long-term value becausg ttwild be transition into a national program.

All projects seeking CCER accreditation must usehodologies approved by the NDRC,
which can be those adapted from existing CDM mattagies or newly submitted. As of August
2014, three forest methodologies and one grasstaadagement methodology have been
approved by the NDRC. Four kinds of projects aigilge to request for registration with NDRC:
(i) new projects using methodologies registered whign NDRC; {i) CDM projects already
approved by the NDRC (acting as the designatedmaltiauthority (DNA) in the CDM process)
but not yet registered with the CDM EBii \ CDM projects which had previously generated
emission reductions prior to registration with B, e.g., pre-CDM credits (should be without
CER issuance);i\() registered CDM projects yet not issued CERs. I&mto CDM process,
project validation prior to registration and verdtion before requesting for CCER issuance is
mandatory and should be performed by NDRC-accreédived party (ies). For the moment,
CCER transactions are restricted to the sevenngaglatforms (which also host allowances
trading in the seven pilots) recognized by the NDRMre details of the VER rules and
development of CCER projects can be found in Arthex

Regarding the participation of agriculture and &rgin the VER market, 4 out of the 5 new
non-CDM methodologies target emissions reductioramnf forestry (forestation, bamboo
forestation and improved forest management) and lese (sustainable grassland management).
As of August 2014, among the 285 projects havirtgred or completed the “validation” process,
there are about 20 rural household biodigestengeq@mowhich all fall under the project typia X
claiming pre-CDM credits and 2 forestry projectsean Guangdong intending to request CCERs
through carbon-sequestration by afforestation.
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2.3. Carbon tax discussions in China

Implementing a carbon tax was obviously anotheroopon table at the early stage of the
debate on the most suitable economic instrumenbpe with climate challenges in China. The
government’s concern is that an additional tax gaheencounters public opposition because
firms are often adamant that they would be betteif they can manage their own liabilities in
markets. In the meantime, because using a quantityrol instrument ensures a certain
environmental target reached, in practice, ETSsgereerally preferred to taxes. A traditional
argument in favor of levying a carbon tax was hhina did not have the market fundamentals to
underpin a carbon market. Therefore, whereas aectefé ETS was quite a challenge to
implement, putting a carbon levy on emissions prese itself as a rather straightforward
fallback option for it is a policy relatively easg handle which the government was already
familiar with. That is why in parallel to the indggn of the ETS programs, the government
continues to give some thoughts as to whether ttodaoce a carbon tax in China. The MOF,
MEP and NDRC have initiated relevant research studs early as 2009 and released reports that
gave different suggestions in terms of tax ratEpduction period, taxpayers, use of tax revenues
and other aspects (see Annex 10), but agreed otintited impacts that a carbon tax would
generate on GDP growth and positive incentivesadgghto emissions reductions actions. In May
2013, the carbon tax was listed as one of the enmiental taxes proposed in the “PRC
Environmental Protection Law (draft version)" sutied by the MEP. In short, there are still
strong disagreements among relevant ministriesherbest carbon pricing mechanism in China
with NDRC backing ETS while the MOF and the MEP suiping tax.

It is conventionally not be desirable to includeasinand diffuse emissions sources into an
ETS for it would significantly raise the transacticosts, in particular when the level of relialyilit
of MRV cannot meet ETS standards. Carbon equivademts can instead be used to capture these
mitigation opportunities. Furthermore, a carbon ¢tax be very appealing when there are other
tax schemes already in place that can be usedatmnehthe new levy. This is especially relevant
in the case of transport to impose upstream ligiin fossil fuel distributors. At the internatidna
level, there is a consensus building up arounddée of joint and complementary use of carbon
trading and tax (hybrid policy scenario). While tharket would deal with big emissions sources
above a certain threshold, the levy would coverlsi@uad harder-to-reach emitters, such as
buildings, SMEs, transport, etc.

In theory economists suggest the carbon tax badeetas broad as possible to stimulate
wider emission mitigation practices and minimize tisks of unintentional distortion. However,
in practice, existing carbon tax systems all exelodn-CQ emissions from agriculture given the
technical complexity in the accurate MRV of agriouhl emissions and subsequent high
implementation costs as well as considerable labpiower from farmers’ associations (Elbeze
& de Perthuis, 2011).
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2.4. Subsidies for synthetic fertilizers is a negativearbon tax

In developing countries, it is common for governtseto use subsidies to maintain
agricultural materials affordable to farmers. Beiagkey input affecting crop production,
fertilizers often receive particular attention.@hina, it is estimated that about ¥ 55.255 billion
(US $8.1 million) of fertilizer subsidies were gtad by the government in 2010/2011, which
represent about 10-30% of the total fertilizer qdBA, 2012). Before 2006, subsidies had been
exclusively allocated to fertilizer producers, lalsg through preferential electricity use and
fertilizer transportation prices, partial exemptiwom value added tax (VAT) and the fertilizer
reserve subsidy. For example, the fertilizer indubis been exempted from the electricity price
hikes for all industries and commercial entitie006 and enjoys a lower railway transportation
charge rate. The VAT exemption was extended teettiee synthetic fertilizer products in 2006.
The NDRC has also initiated a fertilizer reservbssdly program to stabilize fertilizer supply and
reduce shortage at peak seasons. Starting from #@®@entral government begun to shift some
subsidies for fertilizer producers to farmers endsetlin the ‘general agricultural input subsidy’
package. Direct payments to farmers were initidtedthe purpose of offsetting the negative
effects of increases in input prices on grain pobida.

The core objective of fertilizer subsidies in Chiisato keep fertilizer price affordable to
farmers to ensure national food security and supgomestic fertilizer production. This was
justifiable in the past given the scarce avail&pibf high-quality farmland and the low land
productivity in China. Indeed, the increasing usaorganic fertilizers (particularly N fertilizeys
has substantially boosted both the grain and athgp yields in the second half of the 20th
century, but it has also driven China to becomddhgest consumer of synthetic fertilizers in the
world, accounting for about 1/3 of the global canption. However, there has been minor
improvement in grain yields compared with higheieraf N fertilizer application in the past
decade, leading to diminishing fertilizer use efficy and contributing to serious environmental
problems, including water quality deterioratioriakes and rivers through N run-off and leaching,
soil acidification and GHG emissions. As suggestad Hoffmann (2011), subsidies of
agricultural inputs and many such kind payments asdally generate perverse incentives,
leading to overuse of chemical fertilizers, pesdts and fuel and encouraging land degradation.
If not adjusted appropriately, these subsidy pesianill discourage or even be impediments to
sustainable development in agriculture.

The purpose of a carbon tax is to encourage legm®iantensive modes of production or
consumption via internalizing the negative exteaties of excessive GHG emissions. In China,
our research results on the historical trends of GGHdf crop production show that
overapplication of N fertilizers to the Chinesemenmds did not lead to a continuous increase in
yields; on the contrary, resulted in a range ofirmmvental issues and heavy budget burden for
both the government and rural householders. Thexefo the sense of encouraging N overuse
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and contributing to excessive,® emissions, the fertilizer subsidies could be mga as a
negative carbon tax. The following equation (Eqfi)pwas formulated to estimate the rate of
this negative carbon tax in China for the year@@ Given their dominant marketplace in China,
urea, monoammonium phosphate (MAP), potassium ideddiKCl) were used to represent the
general nutrient contents of N, P, K fertilizersspectively. Explanation, unit and data value for
each variable in Egn (5-1) are summarized in T&k?e

Rate
Ratg,,, =——
O2e-N
Subsidy
Ratey =— t
ate i ontent (5-1)
Pdion= Pdi + Pde + Pdt

Content Contemt Conten

Table 5-2 Explanation, unit and values of variable$or estimating the negative carbon tax rate

Variable Explanation Unit Value
Rate oz Negative carbon tax rate ¥tGO

Ratg, Subsidy rate per unit N ¥/tN

EFcozen Emission factor of N input to C@ tCQe/tN 5.34 (Table 2-2)
Subsidy Total fertilizer subsidy in 2010 ¥ billion  55.255
Pdten Total production of fertilizers (physical quanjity Mt 66.19
Pdt, Production of N fertilizers (pure nutrient as N) tM 45.21
Pdt Production of P fertilizers (pure nutrient g©F) Mt 17.01
Pdk Production of K fertilizers (pure nutrient as@® Mt 3.97
Contenf, N nutrient content (N) % 46%
Conteng N nutrient content (f®s) % 64%
Conteng N nutrient content (kO) % 55%

The data on fertilizer production was extractedrirthe Fertilizer Industry 12th Five-Year
Development Plan (MITT, 2012). Taken as a wholedpcers and farmers received about ¥192
subsidy for manufacturing and applying one ton dieNilizers, which translates into a negative
carbon tax of 36 ¥/tC£ (about 4.2 €/tC&) in 2010.

3. Difficulties and specificities of pricing carbon inChina’s agriculture

Our MACC results show that there are sizeable wtitbgp opportunities offered by
agriculture, a significant number of which can balized at negative or low costs. Consequently,
in absence of transaction costs, the substitutfidmgh cost abatements measures in the sectors
currently covered or to be included in an ETS lw-tmst mitigation options in agriculture would
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improve the cost-effectiveness of the whole sysfeéhis substitution could be reached by either
including agriculture in the ETS or by developinfiset schemes. However, the high transaction
costs arising from the diffuse nature of agricdtuemissions and mitigation actions, the
difficulties in accurate emission and abatement smesment and verification as well as the
concerns about food production are key impedimenegriculture’s inclusion in an ETS or the
viability of agriculture offset projects. These Hlas correspond to the hidden cost not captured
in MACC studies or the barriers identified in senti4.3 in chapter 4, explaining the existence of
unrealized abatement at negative costs in the MAgphic. The following sections will give an
analysis of these obstacles and possible soluttongvercome these obstacles to release
agriculture potential via the effective use of emmic instruments.

3.1. Diffuse nature of agriculture emissions and mitigabn actions: the need for

aggregator

GHG emissions sources are highly diffuse determibgdthe fragmented feature of
agriculture activities. For example, even in NZ wehéarm scales are relatively large, there are
still about 41,000 farms around the country, nanention the predominance of extremely small-
scale farms in China with each on average posse$sss than one hectare of land. What is
worse, the limited land is generally segmented i&tor 3 plots, increasing the difficulty of
management. The government therefore needs a stibsbaidget for programs and initiatives to
pass the right information on fertilizer applicatiand practices to the millions of households in
rural areas. This constitutes a large part of tbddn costs which were not targeted in the MACC
analysis, giving rise to the appearance of negaia measures.

A carbon pricing scheme can be introduced herestluge the overuse of fertilizers and
encourage better management practices under thditioonthat the price signal can be
effectively passed to farmers with a moderate ecoooburden for government. Many
economists suggest the use of carbon taxation dolate diffuse emissions such as in the
transport and housing sectors. This principle waalkb apply to the agricultural sector with a
taxation of the content of Ghcorporated in the inputs used by farmers.

When it comes to carbon trading, the diffuse natmekes agriculture an inappropriate
candidate for ETS coverage. Cap & trade schemes atart with sectors accounting for a large
share of emissions and emissions concentratedatvedy limited entities to pursue economic
efficiency and relieve administrative burdens. Tégorting of emissions and allocation of quotas
to each individual farm would imply considerableraxistrative burdens in terms of cost and
time for both farmers and the system authority. résolve this challenge, an aggregator or
representative organization should be designatedpesent individual farmers. This is the case
in the NZ ETS where farmers are not required tediy participate in the scheme, e.g. reporting
and monitoring emissions and surrendering perniather, with some exemptions, meat
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processors, dairy processors, fertilizer manufacsuand importers, and live animal exporters are
engaged as agriculture participants in the ETS. ffagmentation of agriculture systems also

explains why the average scale of agricultural gmjs relatively small in terms of expected

credits relative to projects in other sectors (barst al., 2011).

A suitable aggregator is also pivotal to rendercatfure offset projects economically viable.
It is impossible for an individual farmer to initeaan offset project since the costs of setting up,
validating, monitoring and verifying agriculturatgpects tend to overwhelm the value of issued
credits. Project aggregation therefore provideolation to project developers working with
hundreds of millions of smallholder farmers on freemted croplands, especially in developing
countries. An excellent example is the French ffdtying JI initiative which promotes alfalfa
drying by natural sunshine prior to dehydrationgess to save energy use and partially replaces
fossil fuel by biomass energy to power the alfalfging oven. As the project developer and
aggregator, the Luzéal cooperative, a French pitérgicooperative, was highly active and
engaged in project organization and coordinatidre EDF agricultural projects would also not
be successful without the support from relevanallgovernment agencies (e.g. the provincial
agricultural extension center in the biogas projewt played the role of project aggregator.

To further address this challenge, the Programabivies (PoA) under the CDM provides a
promising framework since component project adasif CPAs) with the same goal are allowed
to be added in an approved PoA without undergoiegentire application process as a stand-
alone CDM project. Given the streamlined registratind verification processes, the transaction
costs could be substantially saved. In additiol,dealability is possible since additional CPAs
can be added at any point in the life of the Pofheut requiring additional approval from the
CDM EB. This is particularly attractive for agritutal projects given the diffuse nature of the
emission sources and mitigation actions. Howevely @1 agricultural PoOA have successfully
registered under the CDM with only one using bicsrnasing issued credits. The main obstacle is
the unsolved DOE liability issue on the CPA levd, the transfer of responsibility to DOE for
CPA inclusion and corresponding consequences mBk¥ss reluctant to validate POAs and
include new CPAs (South Pole, 2010).

3.2. Difficulties in accurate measurement and verificatbn of emission and abatement

For a sector to effectively participate in an ETiSt@ render offset credits credible, its
emissions need to be reported and monitored aetyrst an economically efficient way and
mitigation actions must be verifiable. Howevelisithallenging to meet these prerequisites since
on-farm agricultural emissions are generated thmobiglogical processes and may vary a lot
depending on climate, soil and water conditionsva as management practices. For instance,
section 3.1 of chapter 2 illustrated that estimaieN,O emissionsrom various agricultural
systems are affected by N application rate, soil aater conditions and other factors. This
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challenge is also seen in the process of calcglatapresentative abatement potential from
mitigation measures (section 1.2 of chapter 3) thalvilized a wide range of experimental data.

Agricultural emissions can be quantified using &dra-up or a top-down approach and the
two kinds of methods present both advantages amitsliOn the one hand, albeit transparent,
straight-forward, practical and verifiable, applyia top-down approach to compute agriculture
emissions by prescribing an homogenous emissidorfé diverse agriculture activities can not
reflect heterogeneities at the farm level, andefwee is not able to provide incentives to farmers
adopting better practices. On the other hand, tifolbo-up approaches are used, i.e. farmers need
to choose the most appropriate emission factoxonduct soil measurement for more accurate
reporting, the administrative burden will be tog Br farmers. In the NZ ETS case, the authority
has decided to move from a bottom-up to a top-d@approach for calculating agricultural
emissions in the latest regulation amendment. A$,sthe allocation will be provided on an
output intensity basis, implying that a participarmtiocation will vary only with output levels. In
addition, the NZ government acknowledged the diffic in recording attributable emission
reduction and consequently removed the entry datesdirrender obligations for agricultural
biological emissions from the new regulation.

Regarding the offset market, agriculture projects @imarily implemented in the areas of
managing methane emissions from manure or usingudtgiral residual matter as fuel sources,
where estimation of emission reductions is easgotzduct with relatively low uncertainty. For
instance, the emissions avoided from livestoekmne management correspond to the quantity
of gas captured by the methaniser. In contragt more complicated and costly to measure
N,O emissions as a result of fertilization. The EDEqgse fertilization project used the IPCC
default emission factors combined with the N fertit use difference between baseline and
project scenarios. However, simplification of tredcalation method may raise concerns about
the accuracy of mitigation effects and negativeffea buyer's confidence. Moreover, a
conservative approach is generally required sirgecwture offset activities of smallholder
projects are subject to a range of influencingdiecind uncertainties. Consequently, only 61%
of credits have been issued compared to the expeatession reductions described in the Project
Development Documents (Foucherot & Bellassen, 20Ltther worsening the financial balance
of agriculture projects.

If robust MRV presents high transaction costs fgrialture’s participation in carbon
markets, the best option to introduce a price sighanaybe to pursue carbon taxation, the
effectiveness of which does not rely on accurate“Wi@r, MRV processes need to be performed
in a more efficient way to reduce the transacti@stg, which means using an appropriate
indicator for either determining the allowancesaicap & trade system or setting baseline and
guantifying offset credits. To this end, using tBEGI performance (section 3.1 of chapter 3) as
the benchmark for quota-setting combined with gor@priate aggregator will allow the authority
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to control the overall agriculture emissions withdirectly working with each farm. Adoption of
standardized approaches for the determination séllvees and additionality based on the GHGI
could to a great extent simplify the MRV procedtagenake agricultural offset project viable.

3.3. The specialty of soil carbon storage

In agriculture an important proportion of mitigatigpotential is estimated to stem from
cropland soils via carbon sequestration. Howevathan sequestration has not been recognized
for the purpose of calculating national emissiangntories or are underrepresented in the offset
markets (except CCX), attributable to the diffigudf soil carbon calculation and the reversal risk
of carbon storage.

There are existing approaches for soil carbonrtggiut are not able to simultaneously meet
the standards of accuracy and cost-effectiven@sse soil carbon contents are locally specific
and it would be very costly to carry out samplingasurement to conclude statistically credible
accounting of SOC change. An integrated approacharnidscape-level SOC accounting and
verification is not currently available to reasolyabeflect the climate benefits of various
improved soil management practices. If direct messent is used to monitor carbon stock
change, the main difficulty lies in designing arigént sampling regime to represent soil
conditions at the field scale given the high spatiability of SOC (FAO, 2011). This will lead
to an enormous increase in sampling size and ingiléation cost to reach certain accuracy.
Another option is to apply activity-based or biogeemical process models, but such an
approach is demanding in robust research undergrthe establishment of a credible basis. The
CCX opted for certifying the practice with predefthsequestration rate rather than measuring or
modeling actual carbon stock improvement. It themeehas lower requirements for additionality.

A special issue of sequestered carbon lies in nherent risk of non-permanence. Prior
sequestration, which may already have been veyitisstlited and sold as offset credits, may be
released back to the atmosphere through unintaitioocurrences (e.g. fire, flood, etc.) or
intentional factors (e.g. project proponents chogsio discontinue the project activity).
Addressing this issue revolves around distributbrthe reversal risk and responsibility for the
cost of mitigating the risk to make carbon sequagisin projects attractive. Under the CDM,
agricultural soil carbon is not recognized whilenporary crediting is the approach retained for
A/R projects. However, in the voluntary markets tr&teindards, including the Australian CFl,
adopt the ‘buffer tool’ approach, where each seatsn project is mandated to deposit a certain
number of credits to the common buffer pool mandgethe Standard operator before credits are
issued. Engaging third-party insurance for manathegeversal risk is also under consideration.
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4. Suggestions on pricing carbon in China’s agricultue

From the MACC analysis, we estimated that bothtdehnical and economic mitigation
potentials are significant in Chinese agricultug@wever, such potential is currently far from
tapped, particularly the negative and low-cost gaiiion potential technologies. The extreme
overuse of synthetic fertilizers is a good demaigin that farmers don’t take into account
environmental benefits (including climate change)production practices despite mitigation
actions also improving productivity. To alter thehlavior of farmers towards more sustainable
and low-carbon production modes, introducing a @anrice into agriculture seems to be a good
option since Chinese farmers are probably moreorespe to a carbon price signal than the state
power companies which are highly regulated. Farras¥snore liberalized to adjust their farming
practices taking into account the changes in crgppelated factors and therefore more incline to
incorporate mitigation aspects into their decisidnghe exploration of appropriate market-based
instruments, how to address the specificities efadgricultural sector (as discussed in section 3)
should be key considerations.

4.1. Restructure fertilizer subsidies

Considering the diffuse nature of agriculture emiss and the challenges of meeting a
robust MRV, imposing a carbon tax may be more pable to a cap & trade system in pricing
carbon in the Chinese agriculture. However, an sionstax, either applied to the production of
agricultural products on-farm or consumption-baseduyld incur a considerable administration
burden and evoke public aversion, making it hardirtgplement. On the contrary, the
government’s various subsidies on synthetic N Ifeetis play an important role in stimulating
fertilizer excessive use and related GHG emissi@tsing as a negative carbon tax at an
equivalent rate of 36 ¥/tC@ (section 2.4).

It is obvious that there is an urgent need for @hm restructure the subsidy policies on N
fertilizer production and use to incentivize morevieonmentally-friendly and yield-beneficial
practices. The principle here is not to remove goawent subsidies to support rural development
and food production, but rather to reform the siypsitructure to pursue low-carbon agriculture
development. For reference, our MACC analysis @igis a total saving of at least 10 million
tons of N fertilizers in the case of full implematibn of mitigation measures C1, C2 and C4 on
fertilizer use. Zhang et al. (2013) points to agiole reduction of 17.2 million tons in total
agriculture N fertilizer use in China in 2010.

It is obvious that the government’'s heavy subsidi@ssolidate farmers’ reliance on “high
input, high yield”, therefore, lowering the subsislion synthetic fertilizers is itself a positive
political signal to change the fertilization behavof farmers who already have interest to do so
for all measures at negative costs in the MACCaddition to making farmers more rational on
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their fertilization practices, as much as ¥ 1.9%dm government expenditures could be saved
from N fertilizer subsidies if 10 million tons of Mertilizers overuse are to be avoided. This
amount is substantial and can be redistributedinante agricultural development in a more
efficient way; in other words, to help remove thstitutional and social barriers (as discussed in
section 4.3 of chapter 4) or to compensate theemdaast preventing the realization of mitigation
potential at negative or moderate costs in the MACC

One possible use of the economies of grants ipoove the infrastructures and technical
extension services for agriculture developmento8ely, given the increasing shortage of ‘full-
time’ farmers in rural area, the development off@ssional service groups appeared prominent as
suggested by Zhang et al. (2013). Such groups ravide contracted services including fertilizer
application, machine use and irrigation to farmwosking in cities and towns so that they do not
need to come back to countryside in critical crogpperiods. Finance programs could be
intended to foster the creation and promote theldgment of such professional groups to make
contracting service economically beneficial thaa @pportunity cost of farmers’ quitting works
in cities. In addition, it is more efficient to exhte and inform such groups on best fertilizers
application practices and they have greater matimaind access to purchase machinery for
subsurface application and adjust the fertilizepliaption time. Thirdly, part of subsidies on
synthetic fertilizers could be replaced by thoseiag to improve the utilization of large quantity
of livestock manures which is so far much less slibesd, or to cover the additional costs of
enhanced efficiency fertilizers. Finally, partstbé government expenses could be redirected to
crediting mechanisms in agriculture to reduce theous transactions costs to make agriculture
offsets viable or to help prepare the inclusioragficulture in a pilot ETS that we also going to
discuss.

4.2. Up-scaling carbon crediting schemes

Although agriculture is not excluded from Chine$iset regimes, past experiences (section
1.3) indicated the difficulty for stand-alone ordimidual projects developed following the
traditional procedure to deliver significant impacTo minimize the high transaction costs (as
discussed in section 3), the most plausible andntial option is to explore the possibility of
scaled-up or programmatic approaches using stamddrdaselines for carbon crediting in
agriculture. A new channel of finance through carlbompensation could help popularize cost-
beneficial measures in the MACC graphic and makesahwith moderate costs economically
viable to farmers.

By referring to the CDM PoA or engaging enough namtf householders under a bundled
project, simplified processes shall acceleratecafitire’s access to carbon offset markets. The
PoA is particularly relevant to aggregating emissieductions from smallholder farmers in
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China since further activities don’t have to dentmate additionality or be individually validated.

In terms of project coordination, we recommend llacgiculture or environmental administrative
agencies as the aggregator for POA or up-scalegqtso The reasons are pretty the same as
suggesting them as the entry point to an ETS (vélldiscussed below in section 4.3) for their
unique advantages in both project organization anplementation. As a matter of fact,
implications of local agricultural administratiorudeaus are indispensable whoever the project
aggregator (such as NGOs or carbon professionaldyar political reasons, a carbon project
could not be successfully carried out by other gobpevelopers without assistance from local
government. It would, therefore, be convenientawehthem act directly as the project aggregator
to incentivize project implementation with otherrtpapating entities providing expertise on
carbon finance. As one example, in the agriculiffset projects initiated by the US EDF,
Shannxi Provincial Agricultural Technology ExtensidAdministration Center and Sichuan
Provincial Environmental Protection Office servedogoject aggregators and played a key role in
projects’ success.

In the sphere of technical procedures, the China#i®orities need to simplify the application
process for agricultural projects. A core elemeantriaking agriculture projects attractive (see
section 3.2) is to adopt streamlined process teroehe baselines. In this regard, this PhD
research outcome on the national and regional GblGtrop production contributes to the
exploration of large-scale benchmarks baselinesuiing that all eligible farmers in a
country/city are grouped in a carbon offset prqjéstabatement performance could be evaluated
against the historical (generally the past 2-3 ge@HGI of this place or the current province-
average GHGI. Using the merit of GHGI as the penfmnce evaluation index shall stimulate
mitigation and yield improvement simultaneouslyabfdition, as demonstrated in our research, it
is not complicated to gather the information neefmdGHGI calculation. Furthermore, our
MACC results could also assist the identificatietéstion of mitigation measures that are most
locally applicable, both in terms of abatement ptéd and economic benefits. When it comes to
the management of carbon reversal risks, the gnegapproach among the third-party standards
to depose a part of carbon sequestration creddasaicommon reserve could be well adopted.

Apart from using standardized baselines, an offeegram administrator is also suggested to
give large flexibility in or have least requiremeridr demonstrating additionality in certain cases
given the “non-regretfulness” feature of agricudtumitigation activities. Another key issue is to
shift the liability from DOEs for the inclusion @irther activities under the current CDM rules to
project aggregators to accelerate projects vatidaterification. Indeed, project aggregators have
more leeway to ensure the performance of abateaotions.

To achieve payments to smallholder farmers ongelascale, crediting schemes need to be
embedded in government-led programmes and be isstadblon a regional or sectoral basis using
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intensity as the merit for performance evaluatibhe REDD experience combined with our
attempts on GHG intensity estimates has providedesoseful guidance on how to develop a
robust and simplified baseline. Setting creditimpesnes on a regional basis can dramatically
reduce carbon-related transaction costs and prdlagibility to scale up mitigation activities. To

a larger extent, the nationally appropriate miiatactions (NAMAS) can serve as another field
for channeling carbon finance to agriculture mitiga through sectoral crediting. In fact, PoA
building blocks can be highly coherent with NAMAdat trajectory especially the baselines in
the sense that a NAMA crediting program for agtid can be regarded a regional or national
sectoral PoA project. A NAMA framework can furthemplify the whole process since
benchmark baselines can be introduced on a praiscale to facilitate project coordination and
environmental integrity, especially the DOE liatyilfor CPA wrong inclusion which can be
controlled by a national authority. In addition, astigation and adaptation are generally
inseparable, NAMA crediting proposals could be radig with national adaptation plan to
maximize synergies and co-benefits.

On the demand side, agriculture credits issued fuprscaled or PoA projects could have
three main destinations. First, they could be defieligible for compliance use in the current
pilot ETSs or in the future national scheme. Sebgrithey are also attractive to companies
willing to buy credits for voluntary carbon compatien owing to the high co-benefits (e.g.
adaptation, poverty alleviation and sustainableettggment) of agriculture mitigation projects.
Thirdly, large state-owned companies under theonatienergy-efficiency programs could buy
agriculture offsets instead of paying the penalft@smissing their emission reduction targets.
Such mechanisms create a channel for finance flow fcities to the countryside, and from
industry to agriculture, and are therefore wellgdid with the ongoing discussion on eco-
compensation in China.

4.3. ETS pilot covering the agricultural sector

In line with the specificities of agriculture emimss and challenges in MRV, it is probably
more complicated to include agriculture into a captrade scheme than initiating offset
programmes in this sector. This is the case indimeent carbon markets where bottom-up
initiatives on agriculture offsets have been peshting across the world despite of the limited
scale while agriculture is nearly absent in capr&é systems. Still, in the meantime of up-
scaling crediting schemes in agriculture, it midie worth contemplating the benefits of
extending the coverage of a pilot trading schemagticulture and how could this be practically
possible.

Two advantages merit particular considerations andating agriculture in a GHG cap &
trade system. First, a cap & trade system wouldnbee effective to send the price signal than
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crediting schemes as the former generally attragbler attention and engage larger scale of
participants. Secondly, sending a carbon priceasigm agriculture through the extension of an
ETS scope will accelerate the financial flows fromdustry and energy sectors to the countryside
if actors opt to pursue the abatement at the Ieasginal cost. This is justifiable since the full
realization of the cost-beneficial abatement idegdiin our MACC points to a total savings of as
much as ¥125 billion per year for farmers in 20@0a period when the government is keen to
identify effective approaches to achieve the objeadf “cities support countryside and industries
compensate agriculture”, an ETS presents a prdéitalol due to its efficiency in directing
financial resources towards the cheapest margbaikanent in the system.

In spite of these advantages, as discussed abgbetriainsaction costs remain the greatest
challenge to incorporating agriculture into any ETSAncev (2011) estimated that unit
transaction cost in agriculture is likely to be mdhan 2.5 times higher than in the sectors
currently covered in the EU ETS, principally duethe small scale of agricultural entities to be
included in the scheme. That is why none of the Ril@s in China directly regulate agricultural
emissions under the cap & trade systems as elsewh#ére world.

However, if there are ways to make cost-savingmfegriculture abatement outpace the
costs, a pilot cap & trade scheme covering@Memissions from synthetic fertilizer use may be
worth experimenting. It is preferable to start sagpilot in one of the current seven pilot regions
where ETS infrastructure has been gradually pytléce to avoid the fixed costs related to the
creation and establishment of the market. We wauldgest such a pilot to be started in
Guangdong as this province is more open-mined ¢egmew concepts. We propose mandating
the local agriculture bureau/agencies on the colawgl as the participating entities in the
scheme, responsible for receiving and surrendeilogvances and communicating with the ETS
management authority. There are several advantagegsignating county-level agricultural
bureaus as the aggregator to consolidate the scall-farms in their administrations. First, local
agriculture administrations are the hub of inforimatrelated to agriculture production including
cropping, fertilizer use, yields, land managemerd athers; so they are the best candidate to
interact with the ETS authority to alleviate thermdistrative burden. Secondly, familiar with
local agricultural conditions and having frequeahtact with farmers, local agricultural bureaus
are better placed to advocate mitigation measuréarimers. The ultimate objective is to lower
the overall carbon intensity of the county and ¢feme they are not obliged to allocate
allowances to each individual rural household. Tbeyld achieve the objective by enforcing the
implementation of programmes for low-carbon develept in agriculture. Or, they can (and
know how to) pick up representative farmers to ggpime cost-beneficial measures at the initial
stage to show the positive effects to have thenemed by more farmers. Thirdly, with the
expectation of receiving rewards from the carbomketa these bureaus may be more likely to
promote sustainable management practices among@fsrm
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Regarding the cap setting and allowance allocatlmGHGI is suggested as the benchmark.
The information for calculating the GHGI is relaly easy to collect at the county level. Each
county could be required to report their histori€aHGI of crop production following the
methodologies used in this study. To set the capbgective on GHGI needs to be defined, which
can be in the form of proportional increase of liorical GHGI or the proportion of optimal
intensity reflecting the perception on efficieneyprovement. The optimum level of GHGI can
rely on our research results we concluded in thpgee of quantifying provincial mitigation
potential from N-use measures. Another componerdetermining the cap using an intensity
benchmark is the quantity of crop production. The can be set ex-post when the production
level is known relative to industrial entities, &s'mers are less capable of predicting crop
productions facing numerous and varied climatesriskhis means the allowances that the
aggregator will receive are determined based onatiteal level of production rather than be
allocated ex-ante. Such a method avoids the diffian projecting accurate production levels.
Transaction activities can take place in the ngxtecof ETS operation: counties having better
performance in minimizing the carbon footprint gfiaultural activities could sell their quotas to
the other regions or to energy/industrial entitigghin the same scheme, facilitating financial
transfers from industrial sectors to agriculture.

5. Conclusion

As suggested b¥ahrl et al. (2010), achieving sustainable intensifaratand addressing
fertilizer challenge in China’s agriculture requira rethinking and reorienting of public service
support to this sector and an exploration of fugdichemes to support these services.

Lack of clear and firm political signal is one ¢fetreasons giving rise to the existence of
significant negative-cost mitigation potentialsie MACC results. Therefore, as a first step, we
suggest integrating climate change into agriculpokcy-making to deliver a clear message on
the government’s move towards sustainable low-cardgriculture. We recommend enhanced
emphasis in national policies to highlight the rofethe agricultural sector in GHG reduction
targets and the long-term decarbonization of spciet

In the exploration of funding mechanisms, thereassingle approach to tackling climate
mitigation in agriculture and a range of economiechmnisms are needed in addition to
regulatory regimes. Market incentives can be inftien of grants, subsidies, levies, carbon taxes,
cap & trade scheme or more broadly, payments feir@mmental services. In pondering on the
suitable mix of financing mechanisms the key comsitions are scaling up of funding and
delivery mechanisms, reducing transaction coststhadeffectiveness of reaching small-holder
farmers. The government’s various subsidies onhgyict N fertilizers could be reasonably
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considered a negative carbon tax (at an equivalatof 36 ¥/tC@ according to this study)
because of their encouraging effects on fertiliaeeruse and GHG emissions. We therefore
recommend the reform of the current subsidy strecto save government expenditure for
improving rural infrastructure and extension segyicatalyzing professional service groups,
promoting the use of organic manure and lowering tifansaction costs related to carbon
crediting /emission trading schemes in agriculture.

When it comes to the domestic carbon marketghallChinese ETS trials currently exclude
agriculture from their mandatory regimes and ituidikely for a national carbon market, if
implemented after 2016, to regulate agriculture ssions directly. However, including
agriculture into one of the ETS pilots with GHGIrfeemance as allowance allocation criteria is
worth trying as agriculture offers significant cestective mitigation potential compared to
energy and industry sectors. In addition, assig@ingmission cap to aggregators such as local
agriculture administration bureaus would enforce ancourage them to carry out mitigation
actions with potential rewards from patrticipating the ETS system. Although it is ideal to
mandate agriculture into a pilot ETS to stimulatéigation actions to the largest extent, such an
inclusion requires a lot of efforts in local capgcbuilding to get administration bureaus
acquainted with ETS procedures and trained on loowanage allocated allowances as well as to
perform trading activities in the market. Given theavy workload and the government’s
cautious attitudes towards involving agriculturenmitigation caps, it is more practical to start
with the offset approach to get local ETS authoaityl agricultural administrations prepared. In
line with the objective of minimizing transactiorosts while preserving the environmental
integrity and ensuring food security, we suggestgical GHGI as the benchmark baselines to
upscale agriculture mitigation efforts. Scaled-ygpraaches are relevant for bundled projects,
PoA programs and sectoral crediting, the lattawloich could also constitute the core element of
a NAMA financing and crediting proposal. In anytbése crediting schemes, saved government
budget from reforming N fertilizer subsidies can fgrtially directed to compensate the high
transaction costs of initiating emission tradingperforming carbon projects in agriculture.

Whichever the market-based approach or a combmafi@pproaches undertaken to tap the
vast mitigation potentials offered by agricultuaerobust MRV framework needs to be gradually
improved to foster confidence in payments for lfmaded mitigation and carbon sequestration.
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General Conclusion

This thesis is structured around the core reseguelstion of whether it is worth integrating
agriculture into China’s climate change mitigat&irategy and consequently how a carbon price
signal could be effectively introduced in this sectThe key objective is to estimate the
mitigation potential available in agriculture andtemine the cost-effectiveness of agriculture
abatement options. The research results will helcy makers make better use of economic
instruments to unveil the vast mitigation potestiaifered by Chinese agriculture.

Based on a review of current climate policies inn@hchapter 1 shows that agriculture has
not been incorporated into the national mitigat&irategy. Domestic mitigation efforts have
continuously centered on the energy, industry amdstry sector. However, given the size and
urgency imposed by the climate challenge, it iialuthat mitigation potentials in all sectors
should be tapped fully to achieve a successfulsitian to a low carbon economy. Agriculture
should also contribute to the collective endeawinse it is the primary source ob® and CH
emissions arising from both land cultivation angestock breeding practices. In chapter 2, we
estimated the baseline emissions under the BAU aserfor 2020 based on emission
guantification methodologies and the forecast afcajure activities. We are able to conclude
that, without additional mitigation incentives, egifture emissions will continue to climb in the
near future and higher growth rates will be obsgmeemissions related to livestock production
as compared to croplands. We then try to investighe opportunities that croplands could
provide to constrain climate change while safeguardhational food security, generating two
main research results from a technical and econpsargpective.

The first result of this thesis is to provide a @bate assessment of the overall technical
mitigation potential from cropland emissions (clea@®). In doing so, a comprehensive database
from hundreds of field experiments across Chimaaesilized to inform the abatement rates of the
nine identified cropland mitigation measures. Tésuits are therefore representative of Chinese
conditions and exhibit the climate benefits of adgp a mitigation measure against the
conventional practice. An investigation on the #&ddal area available for measure
implementation is also carried out to see the éxterwhich an abatement measure could be
adopted against the baseline. Taking into accowdsnre interactions, the overall technically
feasible mitigation potential from Chinese croplaunslestimated at 149 MtG& representing 35%
of the BAU emissions. Our results highlight thendligant potentials of measures like organic
manure amendment, synthetic N fertilizer managemintuplands and water regime
improvements in rice paddies. Particular attent®dedicated to the GHGI variability of crop
production among provinces and the implications ddferentiated mitigation challenges and
opportunities from best N management practicesifagesach region.
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The second result of this thesis is an assessméhé @ost-effectiveness of each mitigation
measure for the purpose of constructing a MACQtlier Chinese agricultural sector (chapter 4).
Given the diversity of agricultural systems ané@mattempt to maximize the large extent of data
collected, we apply a bottom-up engineering apgraadche MACC derivation. Implementation
costs are estimated by evaluating the changesdduption inputs/outputs for farmers when
complying with a mitigation option. We are thenabbd conclude the cost-effectiveness of each
option which represents the national average cbstvoiding one tonne of C®. The MACC
results demonstrate that about 1/3 of the techmiotdntials from agriculture could be achieved
at zero or negative costs and about half of thienieal potentials are available at a cost below a
threshold carbon price of less than ¥260 (approteim®&32) per tC@e. High cost-effectiveness
is particularly observed in synthetic N fertilizeranagement practices for both grain and cash
crops, attributable to the current excessive amaper use of N-containing fertilizers.

MACC results suggest an initial indication of prigrinterventions in the design of efficient
policies. This is particularly relevant for thoseeasures identified as ‘win-win’ in the MACC
graphic, which, according to rational economic tiyecshould have already been adopted
voluntarily by farmers since they save costs oraase revenues in addition to limiting emissions.
The authorities therefore need to identify and regnany barriers to the realization of win-win
potentials. Compared with other sectors of the eoon agriculture could provide significant
CO,e abatement at competitive costs. Incorporatingcalgure into the national mitigation
strategy is therefore worth pursing since a rationiéigation policy should normally prioritize
the cheapest means of abatement by equalizing neadatement costs across sectors.

Finally, the thesis analyzes the conditions andsibts approaches of introducing a carbon
price into Chinese agriculture. Chapter 5 shows ith&hina, applying economic instruments to
control GHG emissions have only been brought iritenéion in the past few years, but this
doesn’t impede the country’s fast progress towardkbmestic carbon price. China is now the
second largest player in the global carbon mankétsthe launch of its seven pilot ETSs. Similar
to international experiences, agriculture is natuded in the sectors covered by the pilot cap &
trade systems, and is underrepresented in offseketsa The high transaction costs arising from
the diffuse nature of agriculture emissions and diféculties in consistently measuring and
reporting emissions are key obstacles. Facing tbleskenges, we suggest that the urgent need in
China is to reduce the negative carbon tax ratés hteans reforming the current fertilizer
subsidy systems to create a right price signahttherage reasonable use of synthetic fertilizers.
Despite the relatively high requirement on MRV, bmar market mechanisms may also merit
some trials since they provide efficient channelsfinancial flows from industry and energy
sectors to climate-friendly production systemsural areas. Regarding project-based offsetting,
up-scaled crediting programs such as the PoA iméare recommended, which may prepare the
ground for a possible pilot ETS covering agricwdturln both cases, local agricultural
administrations are probably the best candidatefgregators while the use of GHGI is highly
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proposed as either the benchmark for allowancesalbn in a pilot ETS or the standardized
baseline in large-scale carbon crediting scheme£hina could come up with innovative
methods to integrate agriculture into domestic carlnarkets, this example would greatly
accelerate the process of putting a carbon pricggoiculture at the international level.

The main contribution of this thesis is that ittie first attempt to derive a bottom-up
evaluation of technical and economic abatementnpiale for the agricultural sector in China.
The findings suggest important points of policyemention using market-based instruments.
There are several limitations of the study, whicbmselves suggest numerous further research
areas.

Firstly, this study is principally performed on ational scale so that China, as a whole, is
assimilated as one showcase farm. However, botigatidn potentials and cost implications of
an abatement measure will be quite variable amaugipms, depending on local ecological
conditions that farmers are operating under, tipegyof farming systems, the degree to which
mitigation and productivity improvements can be aiieéd as well as the socio-economic
environment. The investigation of regional GHGI afop production indicates significant
variations of mitigation potentials and the examptn regional implementation costs also
illustrate the differences in measure cost-effertess among provinces. A mitigation measure
could be cost-effective in one region but may bst-goohibitive when implemented in another
region. These variations could be reflected indng regional MACCs, from which a national
MACC would be aggregated. The construction of aiomg] MACC could replicate the
methodological approach applied in this study bsing local data. However, due to time
constraints and limited data availability, regiomaliations are not taken into account except for
measures involving synthetic N use reduction. I fiiture, more detailed regional work merits
further investigation since such information woblel helpful in assisting decision marking at the
regional level.

Secondly, similar to other MACCs, this study afsweals important potentials from win-
win mitigation measures which simultaneously redaog@ssions and save costs. The win-win
effects are particularly highlighted in those measuelated to improved synthetic N fertilizers
management. This is due to the limits in considerother wider social costs and the
simplification of assuming farmers being ratiomaproduction decision making. Nevertheless, in
reality, farmers are usually risk averse to undetitss induced by natural hazards. As a result,
they are reluctant to part with their traditionalibf in ‘high input, high yield’ and to take on
novel management practices. The government’s heabgidies of synthetic fertilizers further
consolidate farmers’ reliance on excessive fedilizse in crop production. The suggested
subsidy reform will help to send the right signal rational fertilizer use. The principal is not to
reduce the support to agricultural development; datiher to redistribute the public funds to
provide farmers with better information on fertdrzuse to overcome the various barriers to the
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fulfillment of win-win measures. In addition, a paf the public funds could be dedicated to
support assurance systems for compensating produtisses caused by natural disasters or
harvest volatility. In addition, Moran et al., (Z)1suggests that more contributions from
psychology, cultural evolution and behavioural ewaits would help in designing more
effective policies to send win-win messages.

Finally, land cultivation, livestock activitiesand related emissions are treated
independently in this thesis. There are limitedsiderations of the interactions between cropland,
livestock and grassland mitigation actions. Howeirereality, the two kinds of farming practices
are highly correlated and the extent of interdepentks will be much affected by the expected
shift in nutrition intake toward meat and dairy gots. This implies that, for example, maize and
soybean areas and productions will continue to eck@and larger amounts of livestock manure
will be produced. How to effectively design intetgich production systems and accelerate the
better recycling of organic manure should be aams$epriority in the future.
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Annex 1. Selected values for estimating JD emissions

from croplands

Table A Selected values for estimating N inputs toroplands from animal manure

l(:l;::-edalry ('\:Ac;:/ts g:)?tsp) Horses Asses Mules Pigs Chicken Rabbits
FraGrazn,  17% 35%
Nrate 0.34 0.47  1.27 0.46 0.46  0.46 0.5 0.82
TAM 319 350 29 238 130 130 50 2
Nex 39.6 60 134 40 21.8 21.8 9.1 0.5 8.1
Frag os: 40% 40% 67% 50% 50% 50% 35% 50% 50%
Days_alivé 158 180 105

" Data in this table represents the national average.
"IPCC default value for Asia is 28. Here we ado@dccording to Chinese conditions.

*Days_alive of chicken is the weighted number oflbrahicken (65 days) and hens (352 days), whadoant for
60% and 40% of chicken population, respectively.

Note: Annual number of head slaughtered was celteéor pigs, hens, broiler chicken and rabbits vatterage

breeding days standing at 158, 65, 352 and 10pectisely (MOA, 2001-2011). As for other types ofimals,
annual stock number was used.

Table B Selected values for estimating N inputs toroplands from crop residues

RST—GR N RBG-AG
g/kg

Rice 0.9 9.1 0.13
Wheat 1.1 6.5 0.17
Maize 1.2 9.2 0.17
Potato 0.5 25 0.05
Soybean 1 21 0.13
Cotton 3 12.4 0.2
Oils 1.7 135 0.17
Vegetable 0.5 2.5 0.25
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Table C Proportion of aboveground straw residue rairned to land in 2010

North Northeast East Southeast Southwest Northwelsational average
Rice 75% 33% 25% T7% 39% 19% 39%
Wheat 100% 48% 37% 100% 58% 28% 57%
Maize 67% 29% 22% 68% 35% 17% 35%

Note: North region includes Beijing, Tianjin, Hepeshanxi and Inner Mongolia; Northeast region ides
Heilongjiang, Liaoning and Jilin; East region indks Shanghai, Anhui, Fujian, Jiangsu, Jiangxi, 8bag and
Zhejiang; South Central region includes Guangdétainan, Henan, Hubei, Hunan and Guangxi; Southveggbn
includes Chongging, Guizhou, Sichuan, Yunnan arzkfTiNorthwest region includes Gansu, Qinghai, Skiaa

Ningxia and Xinjiang.

Table D National average proportion of abovegroud straw residue returned to land

2005 2010 2015 2020
Rice 29% 34% 35% 36%
Wheat 42% 49% 51% 52%
Maize 26% 30% 31% 32%
Potato 18% 21% 22% 22%
Soybean 45% 52% 53% 55%
Cotton 12% 14% 15% 15%
Oils 17% 20% 21% 22%
Vegetable 5% 6% 6% 6%
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Annex 2: Detailed quantification methods of GHGI of
cereal crops

Fluxn2o(irect) IS €stimated using Eqn (A), Eqn (1-2) and Egqn)(1-3

L. E F._ .

CR

_ Emissiong,, ;e SN+ Frw W5 M
- ate

Fl l"lXNzO( Direct

CAEqv = ae CAveg + b C At + CAother

SN represents per hectare synthetic N fertilizeriappbn rate (kgN/ha). C4, denotes the
equivalent cropping area (kha).(e CAqir and CAner are the cropping areas of vegetables, fruits and
other crops (excluding vegetable and fruits), retpely (kha). a and b is the ratio of organic manu
received by vegetable fields and fruits compareti wiher crop lands, respectively. 4 and 5 argyassi
to a and b since survey results (Huang & Tang, 2@hang et al., 2013) show that vegetable and fruit
fields generally receive 4 and 5 times, respedtjvalore organic manure than cereal cropping landse
2000s. i denotes crop type (rice, wheat, maiz#gniotes crop types (rice, wheat or maize).

Since N application rates of the tree major ceragdsonly available for the year of 2005 and
2010 at 5-year intervals, Eqn (B) is formulate@$timate N application rates in a given year.

SNatEJ' — TN TC%OOS
N SMte(i)ZO%. [y —— (B)
SNateZOOS TCA} TNOOS

SN IS the synthetic N application rate of crop i gayj in a province (kgN/ha). i denotes the crop

type (rice, wheat, maize) and j denotes yeat.Pbos's the N rate of crop i in 2005(kgN/ha). giand
SNate200s0€note the crop-wide average N rate in year j200b, respectively (kgN/ha). TEnd TNoos
are the provincial total synthetic N consumptioryéar j and 2005(kt). TGAnd TCAqgs represent the
total cropping area in year j and 2005(kha).

SNaei = SNeqy2008°
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Annex 3: Past and predicted future agriculture actvities

Table E Past and predicted future agriculture actiities (crops)

Cropping area(kha) Production (kt) Yield (t/ha) Price (¥/kg)
Original .
Crops 2010 2070 Annua 2010 2020 Atual o000 popp ANUAL 5010 popp  CAPSIM A(ijr{ﬁztt?odnby
change change change annuql (+2%)
change
Rice 29,873 25,612 -1.5% 195,761 176,823 -1.0% 6.55 6.90 0.5% 236 3.02 0.70% 2.5%
Wheat 24257 22,099 -09% 115181 113,260 -0.2% 475 513 0.8% 198 246 0.40% 2.2%
Maize 32,500 35,361 0.8% 177,245 221,882 2.3% 545  6.27 1.4% 187 3.13 3.50% 5.3%
Sweet potato 3548 392: 1.02% 14,83:  18,91(  2.46% 418 4.8z 1.42%
Potato 5,205 5,118 -0.17% 16,307 17,981  0.98% 313 351 1.15%
Other coarse 6,108 5356 -1.31% 12,037 11,781 -0.21% 1.97 220 1.11%
Soybean 8,516 8,223  -0.3% 15,083 16,549 0.9% 1.77 201 1.3% 3.87 546 1.70% 3.5%
Cotton 4,849 5,168 0.6% 5,961 7,503 2.3% 1.23 1.45 1.7% 2477 26.28 -1.10% 0.6%
Oils 13,890 14,613 0.5% 7,106 8,757 2.1% 0.51 0.60 1.6% 5.25 85 3.10% 4.9%
Sugar 1,905 1,837 -0.4% 14,199 15,297 0.7% 7.45 8.33 1.1% 0.45 0.68 2.30% 4.1%
Total vegetable 19,000 19,040 0.0% 650,994 785,748 1.9% 3426 41.27 1.9% 1.56 221 1.70% 3.5%
Greenhouse vegetable 3,553 3,560 0.0% 162,749 196,437 1.9% 4581 55.17 1.9% 1.98 2.81 1.70% 3.5%
Openfield vegetabie 15,447 15,479 0.0% 488,246 589,311 1.9% 3161 38.07 1.9% 142 201 1.70% 3.5%
Fruit 11,544 11,668 0.1% 128,652 176,712 32% 1114 15.14 3.1% 354 472 0.90% 2.9%

" Future cropping area, production, yield and agtiral price change (with variations among years)evwtrect modeled results of CAPSIM.

" Since inflation is not an element considered in @SiM model, here we adjusted price variatior fay assumed annual inflation at +2% (+2.1% during

2001-2010).

* CAPSIM model gives information on total vegetatiere we split into greenhouse and openfield véfesato facilitate subsequent mitigation potential
analysis. We assume that greenhouse vegetablerdasdou 18.7% and 25% of total vegetable croppirgpaand production, respectively, from 2005 to 2020

(Wang et al., 2010).
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Table F Past and predicted meat production and livetock numbers

Production annual growth rates (3%) Livestock population (1000 heads)
NBS CAPSIM results OECD-FAO USDA FAPRI
(2000-2010) (2010-2020) (2010-2020)  (2010-2020)  (2010-2020) 2010 2020
Beef 2.4% 4.8% 1.5% 1.7% 2.5% Non-dairy cattle 92,063 147,617
Milk 15.8% 5.0% 3.6% 5.0% Milk cows 14,201 23,095
Mutton 4.2% 3.8% 2.1% Stock Sheep+goa 280,87 407,71:
population e 6,771 6,771
Asses 6,397 6,397
Mules 2,697 2,697
Pork 2.5% 2.5% 2.1% 2.1% 2.8% Pigs 666,364 853,203
Poultry 3.4% 3.3% 2.5% 2.8% Slaughter ~ Chicken
Egge 2.4% 2.0% populatiori (Poultry: hens=1:;  11,005,78 14,297,44
rabbit: 454 45! 740,25¢

" Database of livestock products in the CAPSiIM maatel not completely in consistent with those in @feéna Rural Statistic Yearbooks, so we use the in.
Population of horses, asses and mules is assuntedstable according to historical trends and taidgpulation shall grow by 5% annually.
" Use slaughter population for pigs, chickens amthita since they are alive for only part of a coetlyear before slaughtering.
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Annex 4: Mitigation potential from the livestock sector

Projecting GHG emissions from the livestock sectannder the BAU scenario

An attempt to validate these data assumptions ledea disparity between our GHG emissions
estimates from enteric fermentation and manure gemant, and those produced for the China national
inventory (NCCC, 2012). Since assumptions undeglyire latter cannot be publically accessed, thidyst
assumed a percentage increase of the baselinei@missom 2005 (stated by the national GHG
inventory, NCCC, 2012) until 2020, which was obse&hin our estimation. As such, livestock GHG
emissions are projected to reach 742 Mt,€® 2020, an increase of 51% compared to 2009deve
(NCCC, 2012)

Table G Selected livestock and grassland mitigah measures and target species

No. Measure Explanations Target species

L1 Anaerobic Implementation of on farm anaerobic digesters foriisg livestock manure residues and Cattle, dairy
digestion of converting some of the organic content to,OEH, can be burned to produce heat or cows, pigs,
manure electricity for the livestock farm or sold to othtmmsumers. poultry

L2 Animal Breeding techniques like artificial inseminationdafmestic livestock with high quality semenlindoor - cattle,
breeding from breeding stock will generate a trade-off betwedecreasing rumen Gldroduction and  dairy cows,

improved feed intake, milk production, weight gaimd production efficiency. This measure pigs, sheep,
does not consider cross breeding. goat

L3 Tea saponins  Tea saponins are plant secondary compounds thavailable in highly concentrated form in Indoor - cattle,
addition to the waste by products of tea production. Adding tearays to the diet of livestock is considereddairy cows,
diet to increase the productivity while reducing rumet,@roduction. sheep and goat

L4 Probiotics Probiotics are commonly used in Chinese aquacuitehestry but the application is Indoor - cattle,
addition to the uncommon for terrestrial livestock. Adding probastito the diet modifies the rumen dairy cows,
diet ecosystem and thereby reduce the, @tdduction as well as improve the animal produigtiv.  sheep and goat

and immune response.

L5 Lipid addition ~ Adding polyunsaturated fatty acids to the dietieé$tock can effectively reduce the £H Indoor - cattle,
to the diet production through suppression of rumen protozahimlnibition of methanogens in the rumewairy cows,

and increase the productivity of the animal. sheep and goat

L6 Grazing Grazing ban is a common technique in grazing systemimproving degraded grasslands. Grazing -
prohibition for  This measure considers a ban of 35% of the totalegt grassland in China. While the cattle, dairy
35% of grazed vegetation type is recovering, the dry matter potida is improving. The grass will not be cutows, sheep
grasslands and thus grass residues can enter the soil to weph® soil organic matter content and and goats

increase the carbon sequestration rate.

L7 Reduction of  Chinese grasslands are usually overgrazed. Thisuneaonsiders a stocking rate reduction 8razing -
stocking rate - a medium intensity. While the grassland condit®imiproving, the dry matter production of cattle, dairy
medium the grasslands would increase by 10%. The grassidimhtion rate is reduced to 50% and cows, sheep
grazing thus the higher amount of organic material entetfirggsoil will increase the carbon and goats
intensity sequestration rate.

L8 Reduction of ~ This measure considers a light grazing intensitbimese grasslands. As a result the Grazing -
stocking rate - grassland utilization rate is reduced to 35% aeddity matter production increases by 3%. cattle, dairy

light grazing
intensity

Similar to L9, the carbon sequestration rate ireesalue to a higher organic matter input to cows, sheep
the sail. and goats
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Table H Mitigative effects and stand-alone abatemdmates of livestock mitigation measures

Mitigative effects Abatement rate (per year)

Anaerobic
Dairy digester
Measure Cattle  cow Pig Sheep Goat Average Grassland (tCOxe/
No. N,O CH, SOC (%/hd) (%/hd)  (%/hd) (%/hd) (%/hd) (%/hd) (tCOe/ha) digester)
L1 + + 2
L2 + -11 6 4 8 8 4
L3 + 12 15 17 17 15
L4 + -0.2 0.3 1 1 1
LS + 8 6 4 4 4
L6 + 1.07
L7 + 0.7
L8 + 0.88

Treatment of measures interaction in the livestoclkector

All three grassland (L6—L8) and dietary mitigatioptions (L3—L5) are mutually exclusive.
Lacking more detailed data, we assume that grazamgrols or intensities are implemented in
approximately 1/3 of the total grazed grasslan@lna. Applications of multiple feed additives
have no additive effect on emissions or produgtiiience, multiple dietary mitigation options
will not be applied simultaneously. To avoid doubteinting, an equal application of each of the
3 dietary mitigation options is assumed,; i.e. igks$tock receive only one feed additive.
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Table | Livestock measure adoption rates under basiee and abatement scenarios

Measure Historical or current Baseline adoption in 2020 Maximum feasible = References or explanation
No. adoption adoption in 2020
L1 33% of total 120 M 66% of total possible farm- 33% of total possible  NDRC (2007)
possible farm-scale scale anaerobic digesters farm-scale anaerobic
anaerobic digesters digesters
L2 Limited most common for beef and cow20% of beef and dairy Waldron et al. (2007)
but practically non-existent for cattle, 30% of sheep,
goat farms 60% for goat
L3 Very limited Very limited 10% of livestock siec  Expert opinion

tea saponins are not
sufficient available
L4 10% of terrestrial Increasing adoption rate 50% of livestock Wand e{2808)

livestock Beijing Shennong Agricultural
Consultancy. (2013) Research
Report on Feeding Probiotics
Industry in China
L5 Limited Limited 70% of livestock Expert opinion

L6 In 2010, 40% of Chinese In 2010, 60% of Chinese 33% of grazing 18th formal announcement of the
grassland is under grazinggrassland is under grazing ban,grassland strategic objectives of the
ban, suspended grazing, suspended grazing, or rotational sustainable development of Chinese
or rotational grazing. grazing. grassland (in Chinese)

Ministry of Environmental
Protection of People’s Republic of
China (2005 — 2011) Report on the
State of the Environment of China
(in Chinese)

Brown et al. (2008)

L7 Limited Limited 33% of grazing 18th formal announcement of the
grassland strategic objectives of the
sustainable development of Chinese
grassland (in Chinese)

Ministry of Environmental
Protection of People’s Republic of
China (2005 — 2011) Report on the
State of the Environment of China
(in Chinese)
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Table J Average abatement rate, additional applicabn range and mitigation potential of livestock
measures

Measure  \eighted abatement rate aplitation  potential 3050
No. (tCO2e/ha) ff%g[};’”dm (M ha) (MtCOe)
L1 2 ¥ 58.66
L2 4.1 ¥ 4.4
L3 15.4 ¥ 5.53
L4 0.6 ¥ 1.09
L5 14.3 ¥ 30.76
L6 1.067 56.98 60.78
L7 0.705 57.85 40.77
L8 0.877 57.85 50.72

Total 252.71

* Per anaerobic digester

" Sheep unit (SU) is a standard unit to compareuwifft animal species. The conversion equivalensiesisp: 1,
goat: 0.9, cattle: 5, dairy cow: 7, pig: 0.8. Ibigsly an approximate simplification and normallyled in grazing
systems. Hence the costs/SU should be interprataccaution.

*Here livestock numbers refer to Table F.
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Table K Explication of and references for livestockmeasure implementation cost estimation

Measure No. Explications Major references
L1 The investment cost for an anaerobic digestdiaon scale is about 3250 Yuan but a subsidy betv8®® and 1200 Yuan is providedMOA (2007a)
The annual benefit of running a digester is esétad be 500 Yuan. We assume that one anaerolastdigs operational for 15 yeardhNDRC (2007)
and a relative high failure rate of 8% of new camnstied digesters due to immense maintenance ahddkegical short comings
Zhang et al. (2012)
Han et al. (2008)
L2 Costs for high quality genetic material, aridicinsemination and administration are 20 Yuan,YA@n, and 20 Yuan per animalWaldron et al. (2007)
respectively (the costs are adjusted to currewepji Due to the low success rate more than offigiattinsemination has to be donezhang and Beckman
for one animal. The milk production and body weigfit increase by 1% each year. (2008)
expert judgementt
L3 A sheep unit that is fed with 1g concentratesd g@ponins per day shows increased milk produdhiody weight, and wool/cashmerexpert judgementt
production of 3%, 4%, and 4%, respectively. Thelfe¢ake increases by 2%. The costs are at ¥125/Kg.
L4 A sheep unit that is fed with 1g probiotics play shows increased milk production and body weid&%. The feed intake increaseMusa et al. (2009)
by 5%. The costs are ¥50/Kg.* expert jugementt
L5 A sheep unit that is fed with 40g poly unsatedatipids per day shows increased milk productlmogy weight and wool/cashmereexpert judgementt
yield of 4%, 2%, and 2%, respectively. The costsaar¥15/Kg.*
L6 The cost assumptions for herders are based ondarmeys in Inner Mongolia. A simple model was gated that estimates the DMFarm questionnaires
L7 availability under different grazing intensitiesdahence the additional costs for supplementaryifgedCosts for machinery andby the Inner Mongolia
L8 labour input are based number of animals and amehdy making. We assume that the livestock islffrgeazing. Thus, no costs aAgricultural

generated by grazing livestock. University.

*Additional management costs of ¥2/animal applydarchasing, transporting, feeding the feed adektiv
" Since there is a gap in Chinese Scientific literafor the required information, we consulted sav€hinese experts on their judgment of impacyiefts
and costs. The results presented here are the ohe@#irassumptions.
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Table L Cost considerations of livestock measure iptementation

Cost consideration factors (2010 level per shedéppen year) L
Target animals Investment Administration revenue Yield Application
costs (per year) cost increase rate
(per head)

L1 Cattle, dairy cows, ¥3250 not available ¥500/year Every 15
pigs, sheep, goat, , years
poultry

L2 Indoor - cattle, ¥60/head ¥20/head 1% Annual
dairy cows, pigs,
sheep, goat

L3 Indoor - cattle, ¥1/head ¥2/head/year 3-4% Daily
dairy cows, pigs,
sheep, goat

L4 Indoor - cattle, ¥18/head ¥2/head/year 6% Daily
dairy cows, sheep,
goat

L5 Indoor - cattle, ¥219/head ¥2/head/year 2-4% Daily
dairy cows, sheep,
goat

L6 Grazing - cattle,  * * 1%" Annual
dairy cows, sheep,
goats

L7 Grazing - cattle,  * * 10%" Annual
dairy cows, sheep,
goats

L8 Grazing - cattle,  * * 3%" Annual
dairy cows, sheep,
goats

Measure
No.

* We assume free grazing on pasture which is mostraomin Chinese grassland systems. Additionallygae
not assume construction of new warm shed sinc€ltieese government increases the housing capastitasyly
each year. Therefore, only costs regarding additifeeding and running housing facilities are aguli

" Increase of DM production /ha based on Pattoh ¢2@07).
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Table M Unit cost and cost effectiveness of livestk mitigation measures

Masure Cost in 2020 Cost effectiveness in 2020  igsiion potential in 2020
No. (¥/ha, 201@rice) (¥/SU, 2010 price) (¥tG®, 2010 price) (MtCee)
L1 -500* -32 58.66
L2 -29 -2571 4.4
L3 -3.4 -56 5.53
L4 -17 -7079 1.09
L5 109 1950 30.76
L6 300 281 60.78
L7 45 64 40.77
L8 283 322 50.72

* Per anaerobic digester.
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Annex 5: GHGI at regional level in 2010 and
implications for mitigation strategies

The GHGI, yield and synthetic N rate of rice, whaatl maize cultivation as well as the
SOC content at the regional scale in 2010 aretifited in Fig. A. In general, the southwest had
lowest cereal yields, albeit second highest SO€r #fie northeast. Conversely more N fertilizers
were added to croplands in northwest provincesotopensate poor soil fertility, resulting in
elevated regional GHGI of crop production. Fig. dveals that yield levels do not necessarily
correspond to local SOC status, since productigigliso influenced by climate, precipitation and
other factors. In this regard, regional stratedeesninimize GHGI and improve soil fertility
should accommodate local climatic, soil and watamditions and management practices. For
example, in the northwest measures improving SQGite(e.g. conservation tillage) should be
favored to enhance soil fertility and land produtyi In intensive cropping systems in east and
north China where over-fertilization is prominemtore efficient use of N fertilizer can allow N
rates to be cut by 30 to 60% without sacrificingperyields (Ju et al. 2009). Although the
northeast was the least carbon intensive regiareiaal production, this came at the expense of
net carbon losses, especially in Heilongjiang Rroi(Pan et al. 2010; Yu et al. 2012), thus
calling for better management practices to susailfertility in this region.

163



Fig.A GHGIs of rice (a), wheat (b) and maize (c) prduction in different regions in 2010 and their

Rice GHGI (kgCQelt)
N rate (kgN/ha)

Wheat GHGI (kgCGe/t)
N rate (kg/ha)

Note: NE, N, NW, E, SC, SW and AVG refer to norttieaorth, northwest, east, south and central hsaegt China,
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Annex 6: Estimates of NO abatement rates of mitigation measures C1-C4

BAU scenario

N rate Yield

PFR

Mitigation measure C1
N,O

Mitigation measure C2 and C3

Target PFR N rate e Abatement | Optimal . N reduce Abatement Current
(70% of emission Yield .

2010 2020 2010 2020 2010 2020 optimum) reduce reduction rate PFR, quantity rate N rate
Province (kg/hg) (t/ha) (kgkg (kgkg (%) (%) (tCC,elhg) (kgkg (t/he) (kt) (tCC.e/hg) (kg/hg)
Rice
Tianjin 259 246 7.04 7.40 28.3 30.0 35.0 14.2 11.4 0.08 50.0 7.8 0.8 0.13 155
Hebei 344 328 6.79 7.14 18.7 21|18 35.0 37.8 30.7 280. 50.0 7.5 3.8 0.12 150
Inner mengolia 221 211 7.23 7.60 334 36.1 35.0 50.0 8.0 43 0.12 160
Liaoning 235 224 7.38 7.76 314 346 52.5 34.0 27.6 0.17 75.0 8.1 225 0.09 109
Jilin 170 162 8.29 8.72 48.9 53.p 75.0 9.2 22.8 0.09 122
Heilongjiang 120 114 6.47 6.80 54.0 59(5 75.0 7.1 42.0 0.04 95
Shanghai 326 311 8.28 8.71 24.8 28.0 36.1 225 18.2 0.16 51.6 9.1 6.0 0.15 177
Jiangsu 290 277 8.03 8.45 27.7 30.5 36.1 15.4 12.4 0.10 51.6 8.9 119.9 0.14 172
Zhejiang 227 217 7.06 7.42 311 34(3 36.1 51 40 .020 51.6 7.8 44.0 0.13 151
Anhui 205 195 6.22 6.54 30.4 335 38.9 13.9 11.2 060. 55.6 6.9 86.1 0.10 123
Fujian 159 152 5.94 6.24 37.3 41]1 50.5 6.6 16.3 0.05 130
Jiangxi 164 156 5.71 6.00 34.9 38|5 50.5 6.3 88.8 0.07 125
Shandong 285 272 8.35 8.78 29.3 32.3 35.0 7.7 6.1 050 50.0 9.2 7.6 0.15 184
Henan 213 203 7.40 7.78 34.8 384 35.0 50.0 8.2 20.9 0.09 163
Hubei 168 160 7.73 8.12 46.1 50(9 55.0 160
Hunan 148 141 6.34 6.66 42.8 472 56.5 7.0 60.5 0.04 124
Guangdong 191 182 5.33 5.60 28.0 30.8 35.3 12.7 2 10. 0.05 50.5 5.9 71.0 0.10 117
Guangxi 196 186 5.32 5.60 27.3 30(0 35.3 15.0 12.1 0.06 50.5 5.9 76.8 0.10 116
Hainan 144 137 4.50 4.73 31.2 34(4 50.5 5.0 10.7 0.09 98
Chonggqing 143 136 7.65 8.04 53.6 59.1 50.0 136
Sichuan 201 192 7.47 7.85 375 41.0 50.0 8.2 47.0 0.06 165
Guizhou 134 127 6.52 6.86 48.8 53(8 50.5 127
Yunnan 229 219 6.09 6.40 26.8 29(3 35.3 17.2 138 .090 50.5 6.7 42.6 0.11 133
Shanxi 180 172 6.64 6.98 37.1 40(7 50.0 7.3 2.7 0.06 147
Ningxia 283 270 8.31 8.74 29.3 323 35.0 7.6 6.0 050. 55.0 9.2 5.8 0.19 167
Nation average 186 177 6.57 6.90 23.2 38.9 7.3 0.08 7.2 ®B03. 0.08 133
Wheat
Beijing 239 286 4.95 5.34 20.5 1857 24.9 24.9 19.4 0.33 35.6 5.6 3.2 0.18 158
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Tianjin 233 278 4.86 5.25 20.7 189 24.9 24.2 19.0 0.31 35.6 55 5.6 0.18 155
Hebei 248 296 5.09 5.50 20.6 18(6 24.9 25.4 196 340. 35.6 5.8 129.5 0.19 162
Shanxi 163 194 3.24 3.50 19.9 180 24.9 27.8 21.0 240 35.6 3.7 245 0.12 103
Inner mengolia 292 349 3.19 3.44 10.9 9/9 149 339 243 0.50 214 3.6 28.9 0.19 169
Heilongjiang 97 115 3.67 3.96 38.4 34{4 35.6 115
Jiangsu 238 284 4.82 5.20 20.3 18.3 27.1 32.4 23.4 0.39 38.7 55 97.4 0.16 141
Anhui 189 225 5.03 5.42 26.8 241 35.6 5.7 141.1 0.29 160
Shandong 206 246 5.77 6.23 28.1 25.3 35.6 6.5 203.1 0.28 184
Henan 183 219 5.81 6.27 32.0 287 35.6 6.6 163.3 0.18 185
Hubei 161 193 3.35 3.62 20.8 188 24.9 24.6 19.2 220. 35.6 3.8 35.3 0.12 107
Chongging 101 120 3.07 3.31 29.0 27.5 35.6 35 35 0.11 98
Sichuan 124 148 3.34 3.60 26.9 24.3 35.6 3.8 495 0.19 106
Yunnan 113 135 1.72 1.86 15.1 138 24.9 44.6 301 240 35.6 1.9 7.8 0.06 55
Shanxi 232 276 3.43 3.70 14.9 13(4 24.7 45.7 306 500 35.2 3.9 41.8 0.13 110
Gansu 189 226 2.84 3.07 15.0 13.6 24.7 45.0 30.2 40 0. 35.2 3.2 27.7 0.10 91
Qinghai 91 108 3.82 4.12 44.0 38|1 35.2 108
Ningxia 238 284 3.28 3.54 13.8 125 24.7 49.4 32.7 0.54 35.2 3.7 7.4 0.12 105
Xinjiang 238 284 5.51 5.94 23.2 20.9 24.7 15.2 14.1 0.24 35.2 6.2 58.9 0.20 177
Nation average 199 238 4.75 5.13 23.9 21.6 15.2 0.35 5.4 0|3 0.19 155
Maize

Beijing 213 233 5.86 6.79 25.2 291 32.7 11.1 185 0.25 46.7 7.3 8.5 0.19 157
Tianjin 201 220 5.37 6.22 26.6 283 32.7 135 20.0 0.26 46.7 6.7 8.7 0.17 144
Hebei 172 188 5.02 5.81 29.3 30{9 32.7 5.6 15.0 701 46.7 6.3 144.1 0.16 134
Shanxi 181 198 4.80 5.56 26.6 28|1 32.7 14.2 204 240 46.7 6.0 68.6 0.15 128
Inner mengolia 214 235 5.80 6.71 27.0 28.6 32.7 612. 194 0.27 46.7 7.2 137.7 0.19 155
Liaoning 198 216 5.57 6.44 28.2 29|18 33.7 11.6 18.8 0.24 48.1 7.0 104.9 0.17 145
Jilin 178 194 6.61 7.65 37.3 394 48.1 8.3 76.5 0.21 172
Heilongjiang 136 149 5.06 5.85 37.1 392 48.1 6.3 80.7 0.17 131
Jiangsu 237 259 5.30 6.14 225 237 32.6 275 28.9 0.44 46.6 6.6 20.9 0.17 142
Anhui 211 230 4.11 4.76 19.6 207 32.6 36.7 34.7 470. 46.6 5.1 29.6 0.13 110
Shandong 215 235 6.56 7.60 30.7 32.3 46.6 8.2 195.9 0.38 176
Henan 183 200 5.64 6.53 30.8 32,6 46.6 7.0 160.3 0.32 151
Hubei 256 280 4.85 5.61 19.0 20/0 32.6 38.5 35.9 590. 46.6 6.1 23.9 0.16 130
Guangxi 247 270 411 4.75 16.7 17/6 32.6 46.1 40.7 0.65 46.6 5.1 21.0 0.13 110
Chongging 232 254 5.39 6.24 23.3 24.5 32.2 23.7 526. 0.39 45.9 6.7 24.6 0.18 147
Sichuan 254 278 4.86 5.62 194 20.2 32.2 37.1 35.0 0.57 45.9 6.1 64.7 0.16 132
Guizhou 177 194 5.35 6.19 305 31|9 46.6 6.7 43.1 0.32 143
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Yunnan 295 323 4.11 4.75 13.9 31.7 53.6 455 .86 0 45.3 5.1 56.6 0.14 113
Shanxi 271 296 4.40 5.09 16.3 32.8 47.7 417 730 46.9 5.5 50.1 0.14 117
Gansu 274 300 4.73 5.47 17.3 32.8 44.4 39.6 70 0. 46.9 5.9 315 0.15 126
Ningxia 279 305 7.29 8.44 26.6 32.8 15.7 214 0.38 46.9 9.1 154 0.23 194
Xinjiang 263 288 6.82 7.89 26.2 32.8 16.5 219 0.37 46.9 8.5 40.8 0.22 182
Nation average 202 221 5.62 5.86 26.9 15.6 0.40 6.8 810 0.21 146
BAU scenario Mitigation measure C1 Mitigationasare C4
i Target PF N,O . Yield Abatementral Abatement Total
Nrate vield — Area PRe (10090 or 155?’/ N rate emigsion Abatement| Optimal increase b (N rate Abatement Current N
2020 2020 2020 2020 increase) reduce reduction rate PFR, 6% or 10%  reduce) (EF change) rate rate
Crop Type (kgha) (tha) (kha) (kgkg (kg/kg (%) (%) (ﬁng (kg/kg (tha)  (CQe/ha) (/%22)6 (Coe/ha)|  (kgha)
Greenhouse vegetable| 656 55.2 3,560 84 97 15 31.8 1.225 160 60.7 0.936 4400 1.376 379
Openfield vegetable 262 38.1 15,479 145 210
N overuse area 315 7,740 121 133 10 27.3 0.505 200 41.9 0.389 0.440  829. 209
Normal area 210 7,740 181 210
Fruits 565 245 11,668 43 350
N overuse area 678 8,168 36 42 10 31.8 1.266 70 26.0 1.079 0.748 1.827 371
Normal area 301 3,501 81 301
Cotton 237 15 5,168 1.6 0.463 0.440 0.903
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Annex 7: Considerations for measure implementatiomost estimation

Measure Considerations Major references
No.
C1l National average reductions in N rates wereeggded from those in target regions (see TablenimeX 7 measure C1) and are presented in Table 3-Zhang et al. (2009)
Zhang et al. (2012b)

Cc2 More labos arerequirec for theadditional wheat topdressin Zhang et al.(200¢
Increased machine inputs for deep fertilizer @haent for maize cultivation. SAIN(2012a)

C3 More labor inputs for the additional topdressinggation costs saved thanks to improved iriigiatregimes in rice paddies. Liu et al.(2006)

Zhang(201b)

Cc4 Reductions in N fertilizer rates were aggregdteth those in target regions (See Table in Annereasure C4) and the national average is shownYang et al. (2005)
Table 3-3. We used Calcium Ammonium Nitrate (totatient-34%, total N=26%) to represent nitrate-based fertizend its application rate stands "‘ﬁu oetal. (2011)
450kg/ha for vegetable and cotton and 750kg/hafrigit. High-efficient irrigation systems allow fdabor savings from vegetable and cotton '
productions; more labors are required for splitli@pgon of fertilizer in fruit production. Subsadte drip irrigation system costs compromise ¥ 150@ang et al. (2012b)
initial investment and installation cost (lifespdfiyears) per hectare and annual maintenance amavakrcost of smaller diameter polytube at
¥1500/ha and film input at ¥1000/ha, while labard pesticides (cotton) and irrigation costs willdawed.

C5 Used NI CDC to represent additional cost of eckd-efficiency fertilizers: in general DCD is #pd at rates equivalent to 5% of N nutrient (w/w)Bai et al. (2012)
the price of DCD is about ¥ 10000/t. .

Liu et al. (2013

C6 Material and labor inputs for manure compostind disposal are represented by the market pricegafnic manure fertilizer. More labor inputs aréluang et al. (2010)
needed for large quantity of manure applice

C7 Long-term no-till could lead to excessive saifface compaction, weed spread and pest infestdtiosm recommended that deep loosing should b et al. (2006)
carried out every 3-4 years. Increased seed anitigescosts are attributed to crop residues retoitands.

Lv et al. (2010)
Wang et al. (2010)

Cc8 Increased machine cost is for straw mulchinipfahg harvest. Additional N fertilizers should bdded to accelerate fresh straw decay. Large amodiaing et al. (2006)

of straw is likely to affect seed emerging and emage weed growth and pest infestation, therefeeeiag rates need to be increased. Liu et al. (2009)
Tian et al. (2011
c9 Biochar price is represented by the straw pgislproduct from Sanli NewEnergy Company, Henarin&hMore labors are required to apply larg&ajor(2011)

amount of biochar. Per tonne biochar price is aersd constant thanks to technology improvemenm&sbic experts suggest applying biochar evel

5 years since single application can provide beraféeffects over several growing seasons in tle fi %ang et al.(2012a)

Pan (2012)
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Annex 8: Comparative table of market design amongifts

ETS Structure

Coverage

Total GHG
Emissions

Trading center

Pilot ETS system

Beijing

28-Nov-2013

Chongging
19-June-2014

Guangdong
19-Dec-2013

Hubei
2-Apr-2014

SHETEY
26-Nov-2013

Shenzhen
18-Jun-2013

Tianjin
26-Dec-2013

103 MtCQe (2010)

125 MtCQe (2010)

510 MtCQe (2010)

952 MtCQe (2010)

211/240 MtCQe
(2010)

83.4 MtCQe (2010)

134 MtCQe (2010)

125 MtCO2e for 2013,

388 MtCO2(350

324 MtCO2 each yea
(298 allowances+26

About 150 MtCQ for

ab. 100 MtCO2 total for
2013-15
ab. 30 Mt issued for

80 MtCQ, each year

60 Mt each year then subject to annual allowances+38 reserve 5013
reduction of -4.13% reserve & auctions) 2014. 2013 surplus of al
10% of allocation.
CBEEX CCEEX CEEX in Guangzhou HCEEX SEEEX CEEX in Shenzhen CTEEX
BEA CQA GDEA HBA SHEA SZA TJEA

Guidance regulation

Interim Measures for
the Administration of
Carbon Emissions
Trading in Chongging

Interim Measures for
the Administration of
Carbon Emissions
Trading in Chongging

Interim Measures for theg
Administration of
Carbon Emissions

Trading in Guangdong

Interim Measures of
Hubei carbon
emissions trading

Interim Measures for
the Administration of
Carbon Emissions
Trading in Shanghai

Provision of Carbon
Emissions Trading
Management of
Shenzhen

Interim Measures for
the Administration of
Carbon Emission
Trading in Tianjin

CQO; (direct and

indirect)

6 GHGs (direct and
indirect)

CQO; (direct and indirect)

CQO; (direct and
indirect)

CQO; (direct and
indirect)

CQO; (direct and indirect)

CQ; (direct and
indirect)

GHG emissions cov

49%

39.5%

40%

35%

57%

54%

60%

Electricity providers,
heating sector,
manufacturers

(automobile, cement,

petrochemicals) and

major public buildings
(health, education,

banking, ...

)

Production of
electrolytic aluminum,
ferroalloys, calcium
carbide, cement,
caustic soda, iron and

steel.

Power, cement, steel,
iron, petrochemicals).
Textile, non-ferrous
metals, plastic, paper
may be included later.
Transports and buildings
(public, commercial)
construction are part of
the newly released
regulation (from March
1),

13 sectors: power
plants and industrial
companies (iron and

steel, cement,
chemicals,
automobile,
manufacturing,
nonferrous metals,
glass and paper)

16 sectors: industrial
sectors (electricity, iron|
& steel, petrochemical,

non-ferrous metal,
chemical, building
materials, textile, pulp
& paper, rubber,
chemical fiber), other
sectors (aviation, ports|
railway, commercial,
hotel and financial
sector buildings).

Almost all sectors. 26
sectors for now.
Including industrial
companies, building
sector and electricity
generators.
Future transport
inclusion under
consideration.

Iron and steel
producers, chemical
facilities, power and

heat generators, oil an
gas exploitation, civil
buildings.

i
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Allocation

Liable entities &
Mandatory reporting

About 490 entities
Threshold: 10ktCO2/yr
(average of 09-11)

Mandatory reporting
and voluntary
participation.

Threshold: 2k tce/yr

energy consumption.

242 entities
Threshold:20
ktCO2/yr (any year of
2008-2012), and new
installation after 2010:

20 ktCO2/yr

184 liable entities with >
20 ktCO2/yr (any year o
2011-2014)

New regulation:
Industry > 10 ktCO2/yr,
Non industrial sectors:
with > 5 ktCO2/yr.
Transport: threshold
TBD

Mandatory reporting
when > 5 ktCO2/yr,

Province’s 138
biggest emitters
Threshold: 120k
tCO2elyr (any year of|
2010-2011).

Mandatory reporting
Threshold: 8ktce of
energy consumed/yr.

191 companies
Threshold: 20
ktCO2/yr (any year of
2010 or 2011) for
industrial companies;
10 ktCO2elyr for other

sectors.

Mandatory reporting
for about 600 firms.
Threshold: 10

ktCO2/yr.

635 city's biggest
companies (2013).
Threshold: 5 ktCO2e/yr
to be lowered to 3kt in

2014.

197 large buildings.
Threshold: 20,000m2 fo
public buildings and
10,000m2 for state office

buildings.

Mandatory reporting.
Threshold: emissions
between 3-5 ktCO2elyr.
+ other specific firms
and buildings.

114 entities
Threshold: 20 ktCO2/yr|
(any year since 2009)

Mandatory reporting
for carbon intensive
industries and civil
buildings with > 10
ktCO2elyr (steel, iron,
power, heating, (petro)
chemicals).

Entities with emission
change of > 5 ktCgyr
or >20% are liable to

Compliance obligation
in case of closure.

New entrants reserve
(20Mt). New project
(including capacity
extension or
reconstruction) with > 1(
ktCO2/yr should

21.43% of the cap is
set aside for new

In case of closure or
displacement of
activity, compliance
obligation is due and
50% of following-year

Reserve (2% of total
cap). New fixed-asset
projects with over ¥ 200,
million investment
should submit emission
evaluation report. In cas
of closure or

Compliance obligation
in case of closure.

Compliance Period

request allowance purchase all quotas prio entrants allowances after displacement of activit
change. o operation. obligation shall be co?'npliance is due an%d/’
Quota reallocation for .
activity change taken back. 50% of following-year
reduction and closure. allowancizslr(lall be take
One year One year One year One year One year One year One year
. Phase |: 2013-2015
2013-2015 2013-2015, with Phase II: 2016-2020 2014-2015 2013-2015 2013-2015 2013-2015

backdating for 2013

Phase llI: post 2020

Form of allocation

Free allocation: 99.9%
in 2013 t0 99.5% in
2015 for coal-fired

plants, 98% to 94% for

manufacturers.
Absolute reductions for
manufacturing and
service.

Small amount reserveg

may be auctioned.

Free allocation only,
based on historical
emissions, linearly

decreasing with time

(-4.13% per year). It
means it is the first

China’'s ETS to

explicitly enforce a
declining emissions
trajectory as from

2014.

Free allocation of 97% ir
2013-2014. Free
allocation contingent on
the purchase of 3% of
individual cap at
auctions. This share will
rise to 10% in 2015 and|
50% in 2020 for power
generators, with
possibility to complete
purchase on 2ndary
market.
Actual auctions: 29 Mt/

year

Mainly free allocation
(97% of 2010
emissions, to decline
by 1% a year)

7.8 Mt auctioned eac
year. Minimum price
set at 20 yuan.

Free allocation only.
Auctioning under
consideration.
Early action over 06-11
rewarded with
additional permits.

At least 90% of cap is
freely allocated.
Auctioning, fixed-price
sell will be
complementary methodsg
Auctioned quota should
be <3% cap. Absolute
emissions growth limited
to 10% by 2015
compared to 2013 levelg

Free allocation.
Auctioning or fixed-
price sell may be used
only in case of large
market price
fluctuation, and
generated revenue shall
subsidize emission
reduction activities.
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Free allocation based
on 09-12 emissions
(industry) or carbon
intensity (power),
corrected by a sector-
specific factor,

Free allocation based
on the highest annual
emissions of 2008-

For P1: mainly
grandfathering based o
2010-12 emissions,
considering sectors’

Based on 2010
emissions. One third
is held back until
firms report
emissions: only powe
generators received

One-off free allocation
for 2013-2015 based o
2009-2012 emissions,
growth considered.
Whenever possible

Free allocation based o
firms’ 2009-11 historical
emissions, performance
and future activity level.

Free allocation based

on 2010-11historical

emissions (existing
entities) and

Banking &
Borrowing

Flexibility

declining with time. 2012, S half of their (electricity and New entrants’ allocation benchmarks (new
, characteristics. ) N
New entrants endowment, i.e., only| aviation), benchmarks| based on benchmarks. entrants).
allocation based on 193 Mt have been will be used.
benchmarks. issued yet.
Banking allowed within Banking allowed within . L
pilot phase. pilot phase (P1). No banking allowed. Banking allowed Only spot trading IS . s
: - ' ) Annual surplus s allowed. Both banking | Banking allowed within
Borrowing forbidden. X Borrowing forbidden. . . within pilot phase. 5 :
- ) permits will be . . and borrowing pilot phase.
Only spot trading Only spot trading cancelled Borrowing forbidden. forbidden
allowed. allowed. ’ '
Up to 5% of CCERSs are
allowed for compliance|
obligation. At least half
of used CCERs must Only CCERs from Only CCERs from

originate from local
projects (except certair|
types of projects ownec
by liable entities).
Local carbon credits
from energy
conservation and
forestry are also
eligible

local projects
(excluding hydro)
allowed for up to 8%
of compliance
obligation.

CCERs allowed for up tq
10% of compliance
obligation, 70% of which
must stem from local
projects.

projects located in
Hubei (Forestry
projects incl.) Up to
10% of compliance
obligation.

Up to 5% of annual
compliance obligation.

Up to 10 % of CCERs
are allowed for
compliance obligation.

Up to 10 % of CCERs
are allowed for
compliance obligation.

Price management ¢
Cost Containment

Auction or government
buying back permits
from the market.
Holding serve for
macro control (not
exceed 5% of cap)

Market price adjustment

quota reserve (18 Mt).
Minimum price for

auctions set at 60 yuan
Necessity to buy

auctioned permits to usg

and trade free
allowances.

Holding reserve for
macro control (8% of
cap). A 100 million
yuan reserve is
planned for the
market intervention.
Price floor at auctions
(20 yuan).

Holding reserve under
consideration for
market control,
including government
buy/sell in the market.

Allowance reserve (2%
of total allowances + res|
allowance of auction+
government’s purchase
to control price.

Government buy/sell in
the market.
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Compliance

Enforcement/Penalt

(including
administrative
penalty)

Surrender date

and compliance by Jun

Yearly emissions

reports submitted by
April 15.
Verification by

accredited 3rd party
required and report

submission before
April 30. Allowance
allocation by June 30

15. Compliance

) infqrmgtion gg};ﬁ;?ﬁé‘ﬁ;e between June 1 and years. Compliance same verification
dissemination before Y- June 30. information agency for 3
end July. dissemination before en consecutive years.
July.

Compliance before
June 20 2015 or Phas|
| obligation.
Compliance before
June 20 2016 for
Phase Il obligation.

Allocation on July 1
each year.
Compliance before June
20. Verification by a
third party is required.

Yearly emissions
reports submitted by
February 28, and
verification report
submitted by a third
party before April 30.
Yearly allowance
allocation before June

Following-year
monitoring report
submitted by Decembe|
31. Yearly emissions
report by March 31 ang
verification report by a
3rd party submitted by
April 30.

Annual compliance

Yearly emissions report
submitted by March 3
and verification report

submitted by a third
party before April 30.
Yearly allowance
allocation before May

31. Compliance by Jung
30. Not allowed to use
the same verification

agency for 3 consecutiv{

Following-year
monitoring report
submitted by
November 30. Yearly
emissions report and
verification report by a
3rd party submitted by
April 30. Compliance
by May 31.

Not allowed to use the

Failed to submit
emission report in due
time: rectification and

then ¥ 50k/firm.
For non-compliance:3-
5 times market carbon
price for every missing

Failed to submit
emission report in due
time or refusal of
validation: ¥ 20k-
50k/firm.

For non-compliance
penalty: 3 times
average market price

Fraud in emission report
rectification and then
¥ 10k -30k penalty/firm.
Impediment of
verification work:
rectification and then
¥ 10k -30k up to 50k
penalty/firm.

For non-compliance
penalty: deduct 2 timeg
the missed quota from
next year’s allowances

Fraud in emission
report: rectification
and halve next year's|
allowances.
Fraud in trading and
other activities:
rectification and
<150k penalty.
For non-compliance
penalty: deduct 2
times the missed
quota from next
year’s allowances ang

Failed to submit
emission report in due
time: or fraud in
emission report
rectification and then
¥ 10-30k/firm.
Impediment of
verification work:
rectification and then
¥ 30k -50k /firm.
Non-compliance
penalties range from

Failed to submit
emission verification
report in due time or

fraud: rectification and
then ¥ 10-100k/firm.
For non-compliance:
reduction from following
year's allowances and 3
times the market price
for every missing

Levels and details of
penalties not specified

allowance. of the month before and 3 times average 2 times market carbor 5,000—1Q0,000 allow_ance.
surrender market price price for every RMB/firm. Also penalties for fraud
tprice. missing ton. Also penalties for fraud of trading exchange ang
Also penalties for fraud - . e o "
) Also penalties for of trading exchange verification entities.
of trading exchange ang fraud of tradin and verification
verification entities. g o
exchange and entities.
verification entities.
April, 15" April, 20" X Last WOFH:QQ dayin April, 15" March, 3% April, 30"
June, 18 June ,20th X Last Wo,\/'l':;g day in June, T'to June, 3D June, 38 May, 3
Potential linking with L .
Hubei announced in Potential linking with
Guangdong
2011. -
Encourage regional Open to potential linkagg anr_]ounced. n 2(.)11‘ Encourage linking with Encourage regional
X No information since X

linking.

with EU or California.
Encourage regional
linking.

then. Deemed
unlikely. Encourage
regional linking.

other ETS.

linking.

Compliance entities.

Compliance entities.

Compliance entities.

All except DOEs and

Compliance entities.

Compliance entities.

Compliance entities.
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Investment institutions,
individuals are not
allowed

individuals and
investment
institutions, both
domestic and
international

individuals and
investment institutions

banks

individuals and
investment institutions

individuals and
investment institutions

individuals and
investment institutions

Spot, agreement
transfer.

X

Listed bidding, check
bidding, agreement
transfer.

Fixed-price transfer &
negotiation bargaining

Listed trade, agreemer
transfer.

Spot, electronic bidding,
block transaction.

Web Spot, agreement|
transfer, auction.

Remarks

Floor and ceiling priceq
were put forward but
negotiations have
stalled due to lobbying
over fears of higher
costs.

Was the least
developed of the 7,
notably due to
technical issues (e.g.
on building the
registry) and city-level
politics scandal
(aftermath of the fall
of Bo Xilai).

Biggest provincial
economy, it will be the
biggest market of the 7.,
Only scheme to auction|

some allowances for

now. Four auctions have

been carried out till April
3,2014.

Private investors and
foreign trading house
(belonging to other
pilots) may be
allowed to trade
Hubei carbon permits|

Only pilot of the 7 to
cover aviation. Trades
are de facto not
restricted to spot
exchanges since
vintage 14-15 permits
are already owned anq
have already changed

hands.

First to kick off, it is also
the smallest of the 7.
Will share market desigr]
strategies and
experiences with
California. Double-
counting of emissions
from scope 2 sectors an

electricity generators.

Peculiar treatment of
double-counting issues;
if both supplier and
consumer are regulate
they both need to hang
over a permit for the

same ton of C®

Sources: Thomson Reuters Point Carbon, ICAP Intaradlap, local regulations when available (CEEXBEEX, CTEEX, CNEMISSION). Sometimes
information comes from personal communicationringation presented herein must therefore not bertdlr granted, all the more so that regulations ar

evolving.

Notes: TCE stands for Metric Tons of Coal Equival@nTCE is equivalent to about 2 tg@missions.
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Annex 9: VER rules and development of CCER
projects

Eligible methodologies

The VER Measures require all projects aiming toaobtCCERs to use methodologies
approved by the NDRC. As of August 2014, therela@ such approved methodologies, 173 of
which stem directly from existing CDM methodologi®gh modifications according to China’s
circumstances, including the notoriously controsrslFC-23 and MO adipic acid destruction
methodologies that are now banned from use in the ETS. The 5 new non-CDM
methodologies target emissions reductions fromstoye(forestation, bamboo forestation and
improved forest management) and land use (suslaimggbssland management) as well ag SF
gas insulation metal seal combination electric iappk. Similar to the CDM process, a relevant
project design document must be attached when stilgra new methodology for approval.

Project eligibility

Four kinds of projects are eligible to request fegistration with NDRC:i§ new projects
using methodologies registered with the NDRE) CDM projects already approved by the
NDRC (acting as the designated national authoili}{4) in the CDM process) but not yet
registered with the CDM EB;ii{) CDM projects which had previously generated eiorss
reductions prior to registration with the EB, e.gre-CDM credits (should be without CER
issuance);iy) registered CDM projects yet not issued CERSs.

The project starting time should not be prior tdfeary 18", 2005. To be granted CCER
credits, the interim VER Measures recognize GHGQcédns from the 6 approved GHGs under
the UNFCCC or carbon removal enhancements achibyegh offset project. Typaii() credits
are a subject it is noteworthy to dwell on for amemt. Registered CDM projects that have
already been issued CERs can request CCER issdangere-CDM registration emission
reductions only, all the while being allowed to emin the CDM registry for further CER
issuance. Again, registered CDM projects that hastyet being issued CERs can apply for
CCERs for pre-registration emission reductions dm& allowed to choose whether to remain
under the CDM to receive CERs for planned redustionto switch to the Chinese pipeline and
request CCER issuance for these planned reductikasype (v) credits.

However there is still much uncertainty left foetlime being. First, it is unclear whether
projects no longer eligible under the EU ETS (pmjects destroying HFC-23 and®)), albeit
theoretically eligible for credits, and those poasly receiving NDRC approval but rejected by
the EB, would actually generate CCERs for the ddimesarket. The latter projects will certainly
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have to reapply with modified documents to the NDRIG such projects have sought approval
so far. It is also still questionable as to whethE®RC will in turn approve pre-registration
credits from CER-issued CDM projects to enter fised market.

Project registration

While foreign as well as national entities and wdiials are allowed to buy CCERs, only
business entities registered in the P.R.C are am#tbto apply for project registration. Central-
level, large state-owned enterprises (SOEs) sugemvby the State-owned Assets Supervision
and Administration Commission of the State CouSRSAC) are allowed to request project
registration directly with the NDRC; other businesgities must first get approval from relevant
provincial DRCs — the counterpart of the DNA untlex CDM. SOEs are therefore likely to be
subject to shorter registration periods. Similarthe CDM process, project validation by a
NDRC-accredited third party is also necessary, rptio request for registration. The CCER
Project Validation and Verification Guidelines wegreblished by the NDRC in November 2012,
outlining requirements for entities seeking acdegdin with the NDRC as well as the principles,
procedures and requirements of validation and ieatibn. As of August 2014, China Quality
Certification Center, Guangzhou CEPREI CertificatiBody, China Environmental United
Certification Center, Foreign Economic Cooperatiiffice of MEP, China Classification Society
Quality Assurance Ltd and Beijing Sino-Carbon Lt/é been accredited as eligible validators
and verifiers for CCER projects. These six acceetlit CER auditors are all domestic Designated
Operational Entities (DOEs) under the CDM. This ffiray extend but it seems unlikely foreign
DOEs will be able to get accreditation. The guidamn public review, document review,
possible site visit and other procedures resentideet in the CDM Validation and Verification
Manual.

CCER issuance and transactions

To request CCER issuance, the verification repmnnpleted by a qualified verifier, along
with the monitoring report, needs to be submittedthe NDRC. Project validation and
verification are allowed to be carried out by tleme entity, except for projects with annual
emission reductions exceeding 60k#@0As of August 2014, about 285 projects have edter
completed the “validation” process on the Chinatiffied Emission Reduction Exchange Info-
Platform. Most of these projects are wind, hydrd anlar energy and 40% have registered with
the CDM EB (type (iii)) with an estimated annualission reduction of 56 MtC{& while 45%
belong to type (i). It is worth noting that theme @bout 20 rural household biodigesters projects
which all fall under project typsdii() claiming pre-CDM credits and 2 forestry projeabgie in
Guangdong intending to request CCERs through caskgoestration by afforestation. Hubei
topped the location lists with 27 projects requestralidation, followed by Guangdong with 23
projects, while other pilots host only 1-4 projectss of August i 2014, 49 projects have
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successfully registered at NDRC, composed of 1&(typrojects, 2 type(ii) projects and 32 type
(i) projects including the Guangdong afforestatjaroject.

CER transactions will be restricted to trading folahs recognized by the NDRC, and their
trading systems should be connected to the natMBE& Registry to track real time transfer of
CCERs. All the trading platforms in the 7 ETS mltiave been authorized to host CCER trading.
Until January, two transactions have been complétedyet-to-be-issued CCERs, with two
branches of China National Petroleum Corporatiorchasing 10k CCERs each, from two wind
power projects at a price of ¥16 and ¥20 per ton.
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Annex 10: Discussions on levying carbon tax in Chan

As early as September 2009, research institutashati to the MOF, MEP and NDRC have
initiated relevant research studies on carbon texChina. Released reports gave different
suggestions in terms of tax rate, introduction queritaxpayers, use of tax revenues and other
aspects. The NDRC wants to separate the carboagan individual tax, attributable to the
regulation of the National Energy Bureau while thi&P favors it included in the list of
environmental tax. It is reported that carbon teagpam was being discussed in the NPC. The
report released by the MOF suggested levying aocathx in China following the reform of
resource tax while the NDRC and the State Admiaistn of Taxation do not regard such a
reform as a premise to imposing carbon tax. Reggrthx rate, the MOF report suggested a
lower initial tax rate to only 10 yuan/t startingttveen 2013 and 2015 and gradually increasing
to attain 40 yuan/t in 2020 while that of MEP recnemded 20 yuan/t as the starting point to
reach 50 yuan/t in 2020. In terms of taxpayersNBD&C think energy producers should be liable
to a carbon tax, at least in the initial stageavoid the challenge of emission accounting and
minimize management cost, while the MOF and MEHekel imposing energy consuming
companies to be more reasonable. NDRC favors taente to be recycled to subsidize emission
reduction actions while the MOF believes it shaogddirectly included in public finance budget.
However, carbon tax has not been put on the agand&ating no consensus being reached
among decision-makers and more research and dabatexpected on this topic before any
decisions can be made.
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