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ARTICLE INFO ABSTRACT

Keywords: China's ‘dual carbon’ goals seek to achieve peak CO2 emissions before 2030 and carbon neutrality before 2060.

Chir}a China is one of the world's largest emitters of agricultural greenhouse gases. Although existing studies have

Agriculture ) evaluated GHG mitigation potential in Chinese agriculture, few built models by incorporating socioeconomic

r;aii?z; i? 532?31 conditions, technology diffusion, and carbon pricing policies. This study developed a bottom-up Agricultural

Carbon pricing Technology Optimisation Model (ATOM) for GHG mitigation, which selected optimal mitigation measure
portfolios by minimising costs based on inventories of agricultural GHG and mitigation measures. It was
employed to quantify long-term mitigation potential in Chinese agriculture under a range of socioeconomic and
carbon pricing scenarios. GHG emissions in Chinese agriculture totalled 720.3 MtCOge in 2017. Assuming an
SSP2 scenario, the maximum technical mitigation potential of the evaluated measures in 2060 will be 554.1
MtCOqe, with 78.2% contributed by mitigation measures for crop production. 38.9% of this potential is possibly
achievable with negative cost mitigation measures, and carbon pricing can help achieve greater emission re-
ductions. Chinese agriculture theoretically possesses significant mitigation potential, but the implementation of
mitigation measures may be hindered by multiple obstacles. The government should adopt counterstrategies to
ensure that the agricultural sector remains on track to meet China's carbon neutrality goal.

1. Introduction (Lynch, 2019; Ragnauth et al., 2015). The 100-year global warming

potentials (GWP100) of CH4 and N5O are 27.9 and 273 CO, equivalents

Greenhouse gas (GHG) emissions from human activities are the main
cause of global warming (Montzka et al., 2011). During the 2010s, the
agriculture, forestry, and other land use (AFOLU) sectors contributed an
average of 13-21% of global total anthropogenic GHG emissions. Major
sources of agricultural GHG emissions include rice cultivation, synthetic
fertiliser application, enteric fermentation, manure management,
managed soils and pasture, and biomass burning (IPCC, 2022). The
GHGs released by these activities include COy and non-CO; GHGs
(mostly methane [CH4] and nitrous oxide [N2O]) (Nayak et al., 2015).
Non-CO2 GHGs are more potent than CO» in terms of warming the planet

(COge), respectively, according to the IPCC AR6 (IPCC, 2022). Agri-
culture is the largest source of anthropogenic non-CO, GHG emissions
(Beach et al., 2015; Frank et al., 2018; Wang et al., 2023), contributing
to 40% of total CH4 emissions and 60% of total NoO emissions (Frank
et al., 2019). China has a large agricultural sector (Cui et al., 2022). In
2014, China's agricultural activities contributed 6.7% (830 MtCOze) of
the nation's total GHG emissions (MEE, 2018a). In 2007, the Chinese
government identified ‘reducing GHG emissions from agricultural
sources by altering land use patterns and regulating agricultural pro-
duction methods’ as a key task. However, limited progress has been
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made in this area (Hu et al., 2020). Recently, with the announcement of
China's ‘dual carbon’ goal (EF, 2020), research has focused on measures
compatible with decreasing agricultural GHG emissions and achieving
sustainable agriculture while ensuring food security.

Agricultural GHG mitigation measures can be classified into three
categories according to the mechanism: reducing emissions, enhancing
removal, and displacing emissions (Pellerin et al., 2017); the first two
categories are more common (Northrup et al., 2021). Reducing emis-
sions involves restricting GHG fluxes through the implementation of
more efficient management of carbon and nitrogen flows in agro-
ecosystems. CH4 emissions can be reduced by improving irrigation
practices and increasing the feed utilisation efficiency of ruminants,
whereas N2O emissions can be reduced by decreasing nitrogen fertiliser
application and improving the nitrogen use efficiency of crops; both CH4
and N3O emissions can be reduced by more effective livestock manure
management (Herrero et al., 2016; Reay et al., 2012; Rees et al., 2013;
Shang et al., 2021; Xu et al., 2019). CO5 removal measures provide the
largest land-based mitigation potential (Roe et al., 2019). Straw return
to the field is a common carbon sequestration measure; an even greater
GHG mitigation potential are achieveable by returning crop straw after
it has been converted to biochar via pyrolysis than by direct return (Xia
et al.,, 2023). Researchers have studied agricultural GHG mitigation
measures from the perspective of abatement effects and cost-
effectiveness. A comparative analysis based on field experiments
showed that intermittent irrigation in rice cultivation can reduce both
GHG emission intensity and production costs (Zhou et al., 2017). A
meta-analysis showed that in biochar amendment, an application rate of
<30 t ha~! was most effective in mitigating GHGs while retaining a high
crop yield potential (Shakoor et al., 2021). In manure management,
anaerobic fermentation coupled with biogas engineering can signifi-
cantly reduce non-CO, GHG emissions, including a > 90% reduction in
N0 emissions compared with conventional manure disposal methods
(Liu and Yong, 2019; Yang et al., 2016). In addition, the use of silage
instead of conventional feed can reduce the cost while reducing CHy
emissions from enteric fermentation (Han et al., 2018).

The assessment of agricultural GHG mitigation potential can help
guide decision-making. Several country-level studies screened feasible
GHG mitigation measures and then estimated the technical and eco-
nomic potentials of agricultural GHG mitigation. Technical potential
refers to the maximum mitigation potential that can be achieved using
existing measures without considering constraints. Economic potential
is the mitigation potential constrained by costs (usually a specific carbon
price) (IPCC, 2022). A study used deliberative methods to identify 10
technical measures, including 26 submeasures, and calculated that the
total mitigation potential of France agriculture would be 32.3 MtCOqe in
2030, with the mitigation potential of negative, low and high costs ac-
counting for 1/3 each (Pellerin et al., 2017). A marginal abatement cost
curve (MACC) developed via meta-analysis of published data showed
that the maximum technical mitigation potential in Chinese agriculture
would be 402 MtCOqe in 2020 (Wang et al., 2014). Several studies have
used sector-specific bottom-up models to assess agricultural GHG miti-
gation potential (Beach et al., 2015; Chen et al., 2022; Hasegawa and
Matsuoka, 2012). This type of model usually contains details of miti-
gation measures and uses a bottom-up approach to estimate GHG
emissions in the future under different scenarios. The AFOLU bottom-up
(AFOLU-B) model has been used to quantitatively analyse agricultural
GHG mitigation potentials in Southeast Asian countries, and studies in
Nepal and Thailand further explored the mitigation pathways under
different carbon prices (Hasegawa and Matsuoka, 2015; Hoa et al.,
2014; Jilani et al., 2015; Pradhan et al., 2019; Pradhan et al., 2017). In
contrast, another commonly used sort of model for assessing agricultural
GHG mitigation potential, the top-down equilibrium model, in-
corporates multiple representative economic agents (Frank et al., 2018;
Frank et al., 2019; Gernaat et al., 2015). The mitigation potential
calculated by this type of model is usually higher than the former since it
allows for more flexible allocation of resources and thus lower
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abatement costs (Vermont and De Cara, 2010). Additionally, a multi-
model assessment approach was employed to quantify the potential
contributions of GHG mitigation in the agricultural sector compatible
with the 1.5 °C target (Frank et al., 2019). Although some previous
studies have evaluated GHG mitigation potential in Chinese agriculture,
few modelled mitigation pathways by incorporating socioeconomic
conditions, technology diffusion, and carbon pricing policies, which are
comprehensively considered in our bottom-up agricultural technology
optimisation model (ATOM) for GHG mitigation. Furthermore, our
study innovatively disaggregates China's agricultural GHG mitigation
potential by agricultural product, greenhouse gas, emission source, re-
gion, and mitigation measure, highlights the spatial heterogeneity in the
mitigation potential within Chinese agriculture, and explores the impact
of carbon pricing on the implementation of agricultural GHG mitigation
measures. Based on the model, we propose policy recommendations for
GHG mitigation in Chinese agriculture.

This article is structured as follows: after this introduction section,
Section 2 details the methodology; Section 3 presents research results;
Section 4 discusses policy implications; and finally, Section 5 draws
research conclusions and limitations.

2. Methods and data

First, we established inventories of agricultural GHG and mitigation
measures. In the second step, the ATOM was developed based on these
inventories and then employed to quantify China's agricultural GHG
mitigation potential by 2060. Under a range of socioeconomic and
carbon pricing scenarios, the model simulated GHG mitigation pathways
from 2017 to 2060 in Chinese agriculture. In this research, only GHG
emissions from food-related agricultural production were considered.

2.1. Agricultural GHG inventory

We used Guidelines for the Preparation of Provincial Greenhouse Gas
Inventories to identify GHG emission factors of agricultural products in
31 provinces of mainland China (NDRC, 2011). In this study, major
agricultural products in China were classified into 10 crops (rice, wheat,
maize, other cereals, beans, tubers, oil, sugar, vegetables, and fruit) and
six livestock products (beef, mutton, pork, chicken, milk, and eggs) ac-
cording to the classification method adopted by the National Bureau of
Statistics (NBS) of China.

The GHG emission factors of crop ¢ (EF,) and livestock product [
(EF)) are calculated according to Egs. (1) and (2), respectively:

EFc = EFpaddy.c +Echpland.c (1)
EF; = EF suterics + EF manures (2

where EF 44y, and EFcopiana. are the GHG emission factors of rice
cultivation and cropland for crop c, in units of kgCOze kg_l. EF cutericy
and EF anure; are the GHG emission factors of enteric fermentation and
manure management for livestock product I, in units of kgCOge kg 1. A
detailed calculation methodology of the above GHG emission factors is
provided in the supplementary material.

2.2. Agricultural GHG mitigation measures inventory

The agricultural GHG mitigation measures inventory was established
with a focus on the reduction of non-CO5 GHG emissions and the in-
crease of soil organic carbon (SOC) stocks. Applicable GHG mitigation
measures for Chinese agriculture were screened by investigating tech-
nical potentials, application prospects, and impacts on agricultural
production. The screening criteria were as follows: (1) the measure can
reduce non-CO3 GHG emissions or increase SOC stocks of cropland, and
the overall abatement effect is positive; (2) the measure will not have
noticeable negative impacts on the agricultural output, consistent with
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China's food security policy; (3) the measure has a stable abatement
effect, along with high technical feasibility and promotion potential; and
(4) there are few negative interactions among the selected measures.
Based on the above criteria, eleven applicable GHG mitigation measures
were ultimately selected, including seven measures for crop production
and four measures for livestock production. Abatement rates and costs of
mitigation measures were quantified based on data collected from
relevant meta-analyses or field survey results. Tables 1a and 1b list the
details of selected mitigation measures, as well as relevant references.

2.3. Structure of ATOM

Using the GAMS software (version 27.3), ATOM adopts a bottom-up
approach to estimate future GHG emissions and mitigation potentials in
agriculture of 31 provincial administrative regions in mainland China.
The model chooses applicable measures from the agricultural GHG
mitigation measures inventory and optimal application rates to mini-
mise costs. The input to ATOM includes (1) future projections for the
agricultural output; (2) GHG emission factors in agricultural production;
(3) characteristics of agricultural GHG mitigation measures; and (4)
assumptions of future carbon price pathways. The output of ATOM in-
cludes (1) future GHG emissions and mitigation potential in agriculture
and (2) future development pathways of agricultural GHG mitigation
measures. Scenario settings are based on shared socioeconomic path-
ways (SSPs) and different carbon price pathways. Fig. 1 shows the
schematic structure of ATOM.

The GHG emissions from emission source s of crop c in regionr (G )
are calculated as shown in Eq. (3):

Gc,s.r :EFc,s,r X Oc.r X E(l — Ot X Rlc,s.ml) 7Ac,r X Z(ac.ml X ch,s,ml)
ml ml
(€)

where EF,;, is the emission factor for emission source s of crop c¢ in
region r, in units of kgCOqe kg~'; O, is the output of crop c in region r,
in units of kg; .. is the application rate of measure ml for crop c,

Environmental Impact Assessment Review 105 (2024) 107409

Table 1b
The agricultural GHG mitigation measures inventory part II: livestock
production.

No. Measure Target Abatement Cost in References
rate 2017
(CNY
tCOze 1)

L1 Anaerobic Beef, MM CHgy: —-39.4 (Duan et al.,
digestion of pork, beef and milk 2023, Liu and
manure milk —94.95% Yong, 2019,

pork Wang et al.,
—93.41% 2014, Yang
MM N,O: et al., 2016)
beef and milk

—22.36%

pork

—60.48%

L2 Dietary Beef, EF CHy4: beef —68.9 (Wang et al.,
additives: tea mutton, —-12% 2014)
saponins milk mutton

—17% milk

—15%
Dietary Mutton, EF CHy4: —8706.3 (Wang et al.,
additives: milk mutton —1% 2014)
probiotics milk —0.3%
Dietary Beef, EF CH4: beef 2398.3 (Wang et al.,
additives: mutton, —8% mutton 2014)
lipids milk —4% milk

—6%

L3 Silage Beef, EF CHy4: beef —1485.4 (Duan et al.,

promotion mutton, —21% 2023, Han
milk mutton et al., 2018,
—50% milk Zhang et al.,
—20% 2020)

L4 Breed Mutton, EF CHy4: —-3162.0 (Wang et al.,

improvement pork, mutton —8% 2014)
milk pork —4%
milk —6%

Notes: MM means manure management, and EF means enteric fermentation. It is
assumed that each livestock utilises only one feed additive.

Table 1a
The agricultural GHG mitigation measures inventory part I: crop production.
No.  Measure Target Abatement rate Yield change Cost in 2017 (CNY  References
ha™h)
C1 Advanced irrigation and Rice CH, reductions: +5% 570.7 (Duan et al., 2023, Wang et al.,
nitrogen fertiliser application —22.1% 2016, Wang et al., 2014)
N,O reductions:
—4.2%
Cc2 Enhanced-efficiency fertilisers All crops N>O reductions: rice 77.5 (Wang et al., 2014)
—25.5%

wheat —19.5%
vegetables —21.6%
fruit —18.6% other
crops —19.7%

N,O reductions:
wheat —13.6%
maize —16.0%
vegetables —47.3%
fruit —55.1%

C3 Better nitrogen management Wheat, maize,

vegetables, fruit

Wheat and maize
—762.5
vegetables and
fruit —2822.6

Wheat +5% maize +8%
vegetables and fruit +10%

(Wang et al., 2014)

Cc4 Conservation tillage
C5 Return of crop straw and

residues
Cc6 Biochar addition

Cc7 Organic manure

Wheat, maize
Wheat, maize

Rice, wheat, maize

All crops

SOC : +611 kgCO4e
ha™!

SOG: +263 kgCOqe
ha™!

SOC

: 41563 kgCOze ha™?

SOC (kgCOze ha™'):
rice +460

wheat +689 maize
+574

vegetables +185
fruit +462

other crops +631

—131.6 (Wang et al., 2014)
86.1 (Wang et al., 2014)
+10% 2700 (Bai et al., 2022, Campion et al.,
2023, Li et al., 2024, Xia et al.,
2023)
648.1 (Wang et al., 2014)
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Fig. 1. Schematic structure of ATOM.

expressed as a percentage; R1. ; ,,1 and R2. 1 are the abatement rates of
measure ml for emission source s of crop c, expressed as a percentage
and in units of kgCOqe ha’l, respectively; and A, is the area of crop c in
region r, in units of ha. Considering the interations between different
carbon sequestration measures, we set an interaction factor (0.8) to
adjust the abatement rates of these measures.

The GHG emissions of livestock product [ from source s in region r
(Gys,) are calculated as shown in Eq. (4):

Gl.s.r = EFl.s,r X Ol.r X Z(l — Qg X Rl,s.mZ) (4)
m2

where EF;y, is the emission factor for emission source s of livestock
product [ in region r, in units of kgCO2e kg™ %; a; . is the application rate
of measure m2 for livestock product [, expressed as a percentage; Ry 2 is
the abatement rate of measure m2 for emission source s of livestock
product [, expressed as a percentage; and Oy, is the output of livestock
product [ in region r, in units of kg.

For future projections, the model works in a recursive dynamic
mode. The link between two consecutive years is established through the
application of mitigation measures: the optimised application rates in
one year are taken as the initial application rates in the next year. Panel
data regression is used to forecast the future agricultural output. The
regression analysis is performed according to Eq. (5), and the output of
an agricultural product in region r in year t (0%) is calculated as shown in
Eq. (6). In both equations, geographical regions (r) are used because the
historical output of some agricultural products was zero in some pro-
vincial administrative regions (r). The links between r and r are
demonstrated in the supplementary material (Table S2).

In(0,/POP,) = A x In(GDP, /POP,) + B, 5)

0. = exp[A x In(GDP./POP.) + B, | x POP, x 02" /0" x y~2"
Q]

where 0, is the output of an agricultural product in region r, in units of
kg; POP, is the population in region r; GDP, is the gross domestic

product (GDP) in region r, in units of CNY; A and B, are regression
parameters; GDP., is the projection of GDP in region r in year t, in units

of CNY; POP., is the projection of population in region r; 02"V is the

output of an agricultural product in region r in 2017, in units of kg; 02"

is the output of an agricultural product in region 7 in 2017, in units of kg;
and y is the adjustment parameter based on the SSP driving forces in the
scenarios.

The main constraint in ATOM is the diffusion limitation of mitigation
measures, as described by Eq. (7):

@ <ot <d, +p, <1 )

where &, is the application rate of measure m in year t, expressed as a
percentage, and g, is the maximum diffusion speed of measure m,
expressed as a percentage.

The area of crop c in region r in year t (A}, ,) was calculated as shown
in Eq. (8):
szy — Oi‘J'

Y2 5 |11+ 3 (g X YCom)
ml

(8

where 0!, is the output of crop c in region r in year t, kg; Yfg" is the yield
of crop c in region r in 2017, in units of kg ha~%; and YC, m is the yield
change rate of measure m1 for crop c, expressed as a percentage.
Carbon pricing in agriculture will create several costs for farmers,
including abatement costs, emission costs, and administrative costs
(NZME, 2019). We assume that the administrative costs are borne by the
government. In ATOM, the cost is defined as the sum of the abatement
cost and emission fee. Assuming an output-based free allocation of
emissions units, the costs for crop production (CC) and livestock pro-
duction (CL) are calculated as shown in Egs. (9) and (10), respectively:

CC = Zzzac.ml X Cc,tnl X Ac,r + CP x Z <ZZGc_s.r - OAL‘)
c ml c s r

r

©)
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CL = Zzzzw.mz X Rigmz X EF5; X Cpyy X Oy + CP
1 s ro m2

x Z; (ZZGW - 0A,> 10

s

where C, 1 is the abatement cost of measure m1 for crop c,in units of
CNY ha™!; CP is the carbon price, in units of CNY kgCOze’l; 0OA. and
OA; are the output-based free allocations of emissions units for crop ¢
and livestock product [, respectively, in units of kgCOqe; and Cj,2 is the
abatement cost of measure m2 for livestock product [ in units of CNY
kgCO4e L.

The output-based free allocation of emissions units for an agricul-
tural product (OA) is calculated according to Eq. (11):

OA = AR x O x GHG an

where AR is the allocation rate; O is the output of an agricultural
product, kg; and GHG is the national average GHG emission factor of an
agricultural product, kgCOqe kg~ ?.

By minimising the total cost (7C) (Eq. (12)), ATOM enables the
following optimisation algorithm: when the carbon price is below the
abatement cost of a measure, it will not be implemented; once the car-
bon price exceeds its abatement cost, it will be implemented and
diffused. On the basis, the optimal measure portfolios are selected.

TC = CC + CL-MIN (12)
2.4. Scenario settings

SSPs are scenarios of projected socioeconomic global changes up to
2100, designed to facilitate comprehensive analysis of future climate
change impacts, adaptation, and mitigation (O'Neill et al., 2017; van
Vuuren et al., 2017). Table 2 lists the SSP driving forces considered in
socioeconomic scenarios for China in this study. Based on SSP driving
forces and assumptions of future carbon price pathways, 15 scenarios
were established to examine agricultural GHG mitigation pathways in
China from 2017 to 2060. In our scenario settings, the differences be-
tween various SSPs are demographic and economic status, agricultural
output and technology diffusion speed. Under the SSP1 and SSP2 sce-
narios, the agricultural output will decrease due to the decrease in food
loss and waste, while it will increase or decrease due to the increase in
trade barriers under the SSP3 scenarios. On this basis, we set the
adjustment parameter y in Eq. (6) to adjust the future projections of
agricultural output. The technology diffusion speed was set according to
the historical level and decreased sequentially under the SSP1, SSP2,
and SSP3 scenarios. Under the business-as-usual (BAU) scenarios, no
mitigation measures will be diffused. Although the carbon price is zero
under the zero-carbon price (ZCP) scenarios, negative cost mitigation
measures will be adopted and diffused. Under the low carbon price
(LCP), medium carbon price (MCP), and high carbon price (HCP) sce-
narios, different linear increases are used to achieve carbon prices of
500, 1000 and 2000 CNY tCOze’l, respectively, in 2060.

Table 2
Considered SSP driving forces in socioeconomic scenarios for China.
Driving force SSP1 SSP2 SSP3
Population growth ~ Low Medium High
Economic growth Medium Medium Low
Food loss and Low Medium High
waste
International No trade No trade Stronger reliance on
trade restrictions restrictions domestic production
Technology Rapid Medium Slow
development

Environmental Impact Assessment Review 105 (2024) 107409

2.5. Data sources

Population, GDP, and agricultural activity-level data for previous
years were obtained from official databases, including the open national
data released by NBS, China Agriculture Yearbook, China Animal Hus-
bandry and Veterinary Yearbook, and China agricultural products cost-be-
nefit compilation of information. Historical application rates of
agricultural GHG mitigation measures were from government publica-
tions, survey reports, and literature reviews (Table S3). Future pro-
jections of population and GDP were derived from previous research
(Jiang et al., 2022). Since the base year of this dataset is different from
our study, we use its growth rate of population and GDP to make the
forecast.

2.6. Model validation and comparison with other studies

We verified the ATOM parameterisation by comparing historical
estimates of GHG emissions in Chinese agriculture (without the appli-
cation of mitigation measures) for the period 2007-2017 with China's
national greenhouse gas inventories (MEE, 2016, 2018a, 2018b) and
other existing datasets, including FAOSTAT by the Food and Agriculture
Organisation of the United Nations (FAO) (Tubiello et al., 2013), the
Emissions Database for Global Atmospheric Research (EDGAR) (Solazzo
et al.,, 2021), and the United States Environmental Protection Agency
(USEPA) (USEPA, 2019). We ensured consistency in the scope of emis-
sion sources when selecting comparative data and calculated them with
the GWP100 values from IPCC AR6 (IPCC, 2022). Our results are
generally consistent with the other datasets in terms of temporal trends
(Fig. S1). Additionally, we compared this study with two previous
studies (Table. S5).

3. Results
3.1. Agricultural GHG mitigation pathways in China

Model results showed that in 2017, GHG emissions in Chinese agri-
culture were 720.3 MtCO-e, an increase of over 15% from a decade
earlier; GHG emissions in crop production were 397.2 MtCOqe, 72.1% of
which were from three main staple crops in China (rice, wheat, and
maize); GHG emissions in livestock production were 323.1 MtCOze,
54.1% of which were from the enteric fermentation of ruminants.
Overall, cropland was the largest emission source, which constituted
31.0% of the total GHG emissions. Rice was the agricultural product that
emitted the most GHGs (30.8%), followed by pork (15.8%), beef
(12.4%), and mutton (10.2%). Hunan, Heilongjiang, and Guangxi
provinces were the top three emitters, collectively contributing >20% of
agricultural GHG emissions in China.

Fig. 2 shows the GHG emission pathways in Chinese agriculture from
2007 to 2060 under all 15 scenarios. Under the SSP1-BAU, SSP2-BAU,
and SSP3-BAU scenarios, GHG emissions in Chinese agriculture are
projected to reach 665.4 MtCOoe, 734.9 MtCOse, and 782.3 MtCOqe in
2030; 576.5 MtCOze, 690.6 MtCO4e, and 780.4 MtCO-e in 2060; and
peak emissions in 2018, 2026, and 2048: 722.4 MtCOse, 736.0 MtCO-e,
792.5 MtCOqe, respectively. Because some GHG mitigation measures
have net benefits, considerable GHG mitigation will be achieved in the
future under the ZCP scenarios, but carbon pricing could help achieve
greater GHG emission reductions. Under the SSP3-HCP scenario,
because of the increase in agricultural production and the slow diffusion
of technology, total emissions in 2060 will remain higher than the pre-
2007 levels. However, even under the SSP1-BAU scenario, total agri-
cultural GHG emissions in 2060 will be reduced to the pre-2007 levels,
mainly due to the decline in agricultural production caused by the
decrease in food loss and waste. Agricultural GHG emissions in 2060
under the SSP1-HCP scenario will be 267.1 MtCOqe, <50% of the SSP1-
BAU scenario. Because of the assumption of rapid technology diffusion
underpinning SSP1 scenarios, the application of some measures will
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reach saturation before 2060, after which the overall speed of GHG
mitigation will decline, especially at low carbon price levels .

3.2. Agricultural GHG mitigation potential: Agricultural products

Fig. 3 displays the GHG mitigation potentials of various agricultural
products under the SSP2 scenarios. Under the SSP2-ZCP, SSP2-LCP, and
SSP2-MCP scenarios, among the categories of agricultural products,
ruminant products will consistently have the largest GHG emission re-
ductions before 2030. There will be little variance in emission re-
ductions or abatement rates from both groups of livestock products
between different carbon pricing scenarios (Fig. 3a, and b). Under the
SSP2-ZCP scenario, livestock products will contribute 66.5% and 51.2%
of the total agricultural GHG emission reductions in 2030 and 2060,
respectively. However, under the SSP2-HCP scenario, their contribu-
tions will decrease to 52.2% in 2030 and 27.6% in 2060. Because almost
all the selected mitigation measures for livestock production have a
negative cost (Table 1b), the increase in carbon price has minimal in-
cremental impacts on mitigating GHG emissions from livestock prod-
ucts. Furthermore, under all carbon pricing scenarios, rice will
consistently have the lowest GHG abatement rate from 2017 to 2060;
ruminant products will have the highest GHG abatement rate for the pre-
2030 period, while other crops will have the highest GHG abatement
rate for most of the post-2030 period.

Under the SSP2-MCP scenario, the three agricultural products with
the largest GHG emission reductions in 2060 will be pork, maize, and
rice. The three main staple crops in China (rice, wheat, and maize) will
contribute approximately 40% of the total agricultural GHG emission
reductions in 2060. Interestingly, our results suggest that the carbon
price has a potent impact on GHG mitigation in rice production. Under
the SSP2-ZCP scenario, there will be no GHG emission reduction in rice
paddies. However, an increase in the carbon price will promote re-
ductions in CH4 emissions from rice cultivation, linked with the diffu-
sion of C1 (advanced irrigation and nitrogen fertiliser application),
causing rice to become the crop with the second largest GHG emission
reductions in 2060 under the SSP2-HCP scenario (Fig. 3c). In 2060,
under the SSP2-MCP scenario, wheat and maize will be the two agri-
cultural products with the highest GHG abatement rates: 81.5% and
91.7%, respectively; tubers will have the lowest GHG abatement rate of
5.0%. However, the GHG abatement rate of tubers will increase to
68.2% under the SSP2-HCP scenario, mainly due to the broad
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implementation of carbon sequestration measures. For the same reason,
under the SSP2-HCP scenario, the GHG abatement rates of wheat and
maize will exceed 1 in 2060 (Fig. 3d).

3.3. Agricultural GHG mitigation potential: GHGs and emission sources

Fig. 4 displays the emissions and proportion of emission reductions
dissociated for different GHGs and SOC in 2060 under the SSP2 sce-
narios. Although reductions in the emission of each GHG differed among
the various carbon pricing scenarios, they constituted similar pro-
portions of the total agricultural GHG emission reductions under the
same carbon price level. Non-CO, GHG mitigation will contribute
70.8-83.6% of the total agricultural GHG emission reductions in 2060
under the carbon pricing scenarios (Fig. 4a, and b). Additionally, as the
carbon price increases, the proportion of SOC increases from 16.4% to
29.2% (Fig. 4c¢), indicating that carbon sequestration measures have the
potential to strongly mitigate GHG emissions but that they necessitate
strong policy support for their deployment.

In our analysis of the GHG mitigation potentials of different agri-
cultural emission sources, we assumed that SOC contributed to GHG
emission reductions in cropland. Fig. 5 shows the GHG emissions from
various sources in 2017 and 2060 under the SSP2 scenarios. Cropland
will contribute the largest GHG emission reductions under all carbon
pricing scenarios. Under the SSP2-HCP scenario, GHG emissions from
cropland will be 73.1 MtCOge in 2060, accounting for 18.4% of total
agricultural GHG emissions, while this proportion will be as high as
34.1% under the SSP2-BAU scenario; GHG emission reductions in
cropland in 2060 will be 162.1 MtCOxe, constituting 55.1% of the total
emission reductions. Overall, carbon pricing is more important for
reducing GHG emissions from cropland than from other sources.

3.4. Agricultural GHG mitigation potential: regional differences

We analyse regional differences in agricultural GHG mitigation po-
tentials in 2060 based on the SSP2-MCP scenario. Fig. 6a illustrates
China's provincial agricultural GHG emissions and abatement rates. In
2060, Hunan will have the largest agricultural GHG emissions: 49.6
MtCOqe; Henan and Shandong will have the largest amount of agricul-
tural GHG emission reductions: 22.9 MtCO2e and 19.6 MtCOse,
respectively, primarily due to their large populations and substantial
agricultural output. Shanxi and Jiangxi will have the highest and lowest
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Fig. 5. GHG emissions from various sources in 2017 and 2060 under the SSP2 scenarios.

agricultural GHG abatement rates of 63.5% and 21.9%, respectively.
Fig. 6b displays the proportion of China's provincial agricultural GHG
emission reductions. In most northern provinces, the proportion for
wheat will be higher than that for rice, while the opposite is true in most
southern provinces, which is related to the spatial distribution pattern of
crops in China. GHG emission reductions of livestock products will
constitute a significant proportion in provinces centred on livestock
production. In 2060, livestock products will contribute nearly 2/3 of
total agricultural GHG emission reductions in Tibet.

We further analyse the differences in agricultural GHG mitigation
potentials between six geographical regions (Table S4). In 2060, South
Central China will have the largest amount of agricultural GHG emission
reductions (75.9 MtCOse), followed by East China (56.5 MtCOse), which
together account for >50% of the total amount. The GHG emission re-
ductions of crop products will be higher than those of livestock products
in all six regions. In Northeast China, livestock products will account for
28.6% of total agricultural GHG emission reductions, while in North
China, the proportion will be approximately 50%. This result is corre-
sponding to the spatial distribution of pastoral areas in China. Addi-
tionally, the overall GHG abatement rate varies across the six regions,
with North China having a GHG abatement rate of 49.9%, which is
nearly 19% more than that in South Central China.

3.5. Agricultural GHG mitigation potential: mitigation measures

Fig. 7 shows the GHG emission reductions contributed by various
mitigation measures in 2060 under the SSP2 scenarios. The carbon price
level has a great impact on C6 (biochar addition) and C7 (organic
manure); a high carbon price is required to activate the GHG mitigation
potential of this two measures. GHG emission reductions of Cl
(advanced irrigation and nitrogen fertiliser application), C2 (enhanced-
efficiency fertilisers), C5 (return of crop straw and residues) and L2
(dietary additives) will increase as the carbon price increases. In
contrast, GHG emission reductions of other mitigation measures are less
affected by the carbon price level because of their net benefits.

The maximum technical mitigation potential in 2060 was estimated
assuming a 100% application rate for all selected measures. Fig. 8 dis-
plays the marginal abatement cost curve for Chinese agriculture in 2060
based on the SSP2 scenario assumptions. The maximum technical
mitigation potential will be 554.1 MtCOge in 2060, with 38.9% achieved

by negative-cost measures and 56.6% achievable at a unit abatement
cost below 250 CNY tCOge *. The maximum technical mitigation po-
tential in 2060 will be 433.0 MtCOze (78.2%) for crop production and
121.1 MtCOze (21.8%) for livestock production. The agricultural GHG
emission reductions resulting from these mitigation measures in 2060
under the SSP2-BAU, SSP2-ZCP, SSP2-LCP, SSP2-MCP, and SSP2-HCP
scenarios will be 86.9, 261.1, 310.9, 332.8, and 381.2 MtCOze,
respectively; these values correspond to 15.7%, 47.1%, 56.1%, 60.1%,
and 68.8% of the maximum technical mitigation potential realised.

4. Discussion
4.1. GHG mitigation potential in Chinese agriculture

Rice has distinctive characteristics of GHG emission compared with
other crops. It has high CH, emissions intensity (0.52-1.37 kgCOxe kg ™!
in 2017). Significant mitigation potential is achievable through coun-
termeasures such as improving both irrigation and fertilisation prac-
tices, but it is necessary to consider the impact of mitigation measures on
the increase in NoO emissions to achieve overall net GHG mitigation
(Wang et al.,, 2022). Beef and mutton production also emit large
amounts of CH4 due to enteric fermentation in ruminants. China is the
world's top pork producer and consumer (Wang, 2022). Although pork
has lower GHG emissions per unit of output than beef and mutton, its
total emissions are larger, and considerable mitigation potential is
enabled by improving manure management. Additionally, there is sig-
nificant heterogeneity across different regions in the mitigation poten-
tial. The GHG mitigation potential of crop production is much larger
than that of livestock production in most provinces. However, livestock
production accounts for a large proportion of the mitigation potential in
China's major pastoral areas: Inner Mongolia, Tibet, Gansu, Qinghai, and
Xinjiang.

The technical potential of cutting agricultural GHG emissions
directly is limited because agricultural production inevitably produces
large amounts of non-COy GHGs. Therefore, full use of the carbon
sequestration potential of cropland is needed to reduce net emissions
while restoring the agricultural ecosystem. Carbon sequestration mea-
sures are generally more costly than reducing emissions directly,
particularly with respect to biochar addition. Technological revolution
is necessary to enhance the competitiveness of such measures. However,
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despite carbon sequestration measures, existing agricultural GHG miti-
gation measures are possibly insufficient to achieve carbon neutrality in
Chinese agriculture by 2060. Therefore, we should try to achieve more
GHG mitigation on the demand side or in other sectors. On the demand

side, reducing the proportion of livestock products in the diet can help to
reduce GHG emissions from agriculture (Duan et al., 2023; Mazac et al.,
2022; Reay et al., 2012). Reductions in food loss and waste are also
important for both GHG mitigation and food security (Amicarelli et al.,
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2021; Bajzelj et al., 2014; Reay et al., 2012). Sustainable development
goal 12: responsible consumption and production has set the target of
halving per capita food waste and losses by 2030 (UN, 2023). In the
forestry sector, afforestation can provide long-term stable CO, abate-
ment (Duffy et al., 2022; Lin et al., 2022). However, large forested areas
require many years to establish, and the areas amenable to afforestation
are limited (Forster et al., 2021). Bioenergy with carbon capture and
storage (BECCS) is a negative emissions technology considered crucial to
limit global warming to 1.5-2°C, but large-scale bioenergy deployment
remains limited because of biophysical, technical, and social challenges
(Fridahl and Lehtveer, 2018; Fuss et al., 2014; Hanssen et al., 2020;
Humpenoder et al., 2014). Additionally, both afforestation and BECCS
will compete with crops for land, a conflict that must be managed
properly (Bustamante et al., 2014).

Our results indicate that negative cost mitigation measures possess
significant technical potential for agricultural GHG mitigation.
Currently in China, nevertheless, these measures delivered only a small
fraction of their maximum technical potential, as their implementation
has been hindered by multiple obstacles. Some hidden costs or in-
efficiencies hampered the adoption of mitigation options that would
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have been profitable in the base situation (Vermont and De Cara, 2010).
The applicability and cost of a mitigation measure vary according to the
agricultural production scale (Grosjean et al., 2018; Moran et al., 2013).
Some mitigation measures require economies of scale to ensure profit-
ability (Chen et al., 2022). Furthermore, natural conditions, such as
terrain and temperature, can also influence the abatement effect (Abalos
et al., 2022). China's agricultural system is highly fragmented, such that
farmers with large-scale farms are more likely to implement mitigation
measures, whereas farmers with small-scale farms tend to adopt con-
servative approaches that avoid risk (Liu and Xu, 2023). The increase in
large-scale farming, the establishment of intensive farms, and the raise
in farmers' awareness of climate change are factors expected to favour
GHG mitigation in Chinese agriculture.

4.2. Policy implications

The government should adopt counterstrategies to ensure that the
agricultural sector remains on track to meet China's carbon neutrality
goal. First, the realities of local agriculture should be addressed when
specifying regional GHG mitigation strategies. For instance, the vast
majority of GHG emissions and mitigation potentials in Tibet derive
from beef and mutton. Therefore, implementing mitigation measures for
ruminant livestock production, such as dietary additives, silage feed
promotion, and breed improvement, is the key point for agricultural
GHG mitigation. Second, the government should support and promote
carbon sequestration measures by increasing investment in technology
R&D, enhancing the promotion of technology, and lowering abatement
costs to achieve good GHG abatement effects. Third, the government
should raise public awareness and education on climate change miti-
gation and advocate low-carbon diets and reductions in food waste to
achieve more GHG mitigation on the demand side. Finally, the gov-
ernment can look to put a price on agricultural GHG emissions to
incentivise farmers to reduce emissions.

Carbon pricing is one of the most cost-effective tools for cutting GHG
emissions (Olale et al., 2019; Tvinnereim and Mehling, 2018). In the
agricultural sector, however, adopting a carbon pricing policy may face
a number of challenges (Grosjean et al., 2018). On the one hand, the
uncertainty affecting emissions and the resulting difficulties of moni-
toring emissions make carbon pricing challenging (Vermont and De
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Cara, 2010). On the other hand, imposing a carbon tax will directly or
indirectly increase farmers' financial burden and have negative impacts
on economic growth and income inequality (Leahy et al., 2020; NZME,
2019; Zhao et al., 2022). Therefore, policies to mitigate these negative
impacts are necessary, such as technical support and financial rebates (e.
g., output-based subsidies or redistribution of tax revenues) (Olale et al.,
2019). The government can also allocate a certain amount free allow-
ances to farmers and adjust the allocation factors periodically according
to the abatement effect (NZME, 2019). Additionally, due to regional
disparities in the impacts of carbon tax, differentiated tax rates are
necessary to protect the agricultural development in backwards areas
and bridge regional development gaps (Xie et al., 2018).

With the modernisation of Chinese agriculture, the commercialisa-
tion rate of agricultural products has been gradually increasing,
improving the feasibility of adopting a market-based carbon pricing
policy in the agricultural sector (Chen, 2021). Existing research can
provide references for pricing agricultural emissions in China. The
government should establish clear mitigation targets for the agricultural
sector, determine who will pay for the carbon price: farmers, processors,
or consumers, and choose the core carbon pricing instrument: carbon
taxes or carbon emissions trading (Azhgaliyeva and Rahut, 2022; Iser-
meyer et al., 2021; Ollikainen et al., 2020). It is essential to legislate and
build an administration system for the carbon pricing policy, and
establish harmonised measurement, reporting, and verification (MRV)
standards for agricultural GHG mitigation (NZME, 2019; Perosa et al.,
2023). Besides, border carbon adjustment policies should be formulated
to minimise carbon leakage risks while ensuring carbon price incentives
(Isermeyer et al., 2021; Stede et al., 2021). Particular attention should
be paid to the characteristics of Chinese agriculture, such as massive CHy
emissions from rice cultivation, millions of smallholder farmers, and
significant spatial heterogeneity (Azhgaliyeva and Rahut, 2022; Cui
et al., 2018). Moreover, it is necessary to provide instructions and
technical support for policy audiences, and encourage investment in the
R&D and innovation of cost-efficient agricultural GHG mitigation
technologies to expand the range of mitigation options available (Azh-
galiyeva and Rahut, 2022; NZME, 2019; Stepanyan et al., 2023).

5. Conclusions

Agricultural GHG mitigation is significant to achieve China's ‘dual
carbon’ goal. By simulating GHG mitigation pathways in Chinese agri-
culture through a bottom-up agricultural technology optimisation
model (ATOM), we find that Chinese agriculture theoretically possesses
considerable technical potential for GHG mitigation. However, the
implementation of agricultural GHG mitigation measures in China may
be hindered by multiple obstacles, such as the highly fragmented agri-
cultural system and hidden costs or inefficiencies of mitigation mea-
sures, which need to be overcome properly. Additionally, existing
agricultural GHG mitigation measures are possibly insufficient to ach-
ieve carbon neutrality in Chinese agriculture by 2060, which means
more GHG mitigation actions on the demand side or in other sectors are
needed. We also find that there is spatial heterogeneity in the mitigation
potential within Chinese agriculture. These findings are meaningful to
policymakers so that they can adopt counterstrategies to ensure that the
agricultural sector remains on track to meet China's ‘dual carbon’ goal.

This study has several limitations. First. there are uncertainties
arising from data sources. For example, we substituted the national
average data for missing provincial data in the emission factor calcula-
tion. Second, in scenario settings, the parameters based on SSP driving
forces have uncertainties. ATOM utilised a panel data regression to
forecast the future output of agricultural products. Tools like China
Agricultural Monitoring and Early-warning System (CAMES) could help
to make a better projection. Third, this study assumed no impacts of
institutional barriers, financing issues, agricultural products market,
farmers' psychology and behaviour on implementing agricultural GHG
mitigation measures. All the above factors will have impacts on the
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actual abatement effect, and further research could focus on integrating
these factors. Finally, most of the technical parameters in the current
GHG mitigation measures inventory were derived from meta-analysis
results. Some feasible agricultural GHG mitigation measures were not
integrated into the inventory (Table 1a and b) due to a lack of technical
parameters. Therefore, numerous field surveys are needed to develop a
more detailed inventory.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on reasonable request.

Acknowledgements

This study is financially supported by the National Natural Science
Foundation of China (No. 72004134, No. 72088101, No. 71810107001,
No. 72203005, No. 72348003), the National Key Research and Devel-
opment Program of China (2019YFC1908501), Shanghai Pujiang Pro-
gram (2020PJC075), Mitigate+: Research for Low Emissions Food
Systems. This research was also supported by the Japan Society for the
Promotion of Science (JSPS) (23H03611, 23H03600, 22H05735,
21KK0208).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.eiar.2023.1074009.

References

Abalos, D., Recous, S., Butterbach-Bahl, K., De Notaris, C., Rittl, T.F., Topp, C.F.E., et al.,
2022. A review and meta-analysis of mitigation measures for nitrous oxide emissions
from crop residues. Sci. Total Environ. 828, 154388 https://doi.org/10.1016/j.
scitotenv.2022.154388.

Amicarelli, V., Lagioia, G., Bux, C., 2021. Global warming potential of food waste
through the life cycle assessment: an analytical review. Environ. Impact Assess. Rev.
91, 106677 https://doi.org/10.1016/j.eiar.2021.106677.

Azhgaliyeva, D., Rahut, D.B., 2022. Climate Change Mitigation: Policies and Lessons for
Asia. The Asian Development Bank Institute (ADBI), Tokyo, Japan. https://doi.org/
10.56506/0JYG4210.

Bai, S.H., Omidvar, N., Gallart, M., Kamper, W., Tahmasbian, 1., Farrar, M.B., et al.,
2022. Combined effects of biochar and fertilizer applications on yield: A review and
meta-analysis. Sci. Total. Environ. 808, 152073. https://doi.org/10.1016/j.
scitotenv.2021.152073.

Bajzelj, B., Richards, K.S., Allwood, J.M., Smith, P., Dennis, J.S., Curmi, E., et al., 2014.
Importance of food-demand management for climate mitigation. Nat. Clim. Chang.
4, 924-929. https://doi.org/10.1038/nclimate2353.

Beach, R.H., Creason, J., Ohrel, S.B., Ragnauth, S., Ogle, S., Li, C., et al., 2015. Global
mitigation potential and costs of reducing agricultural non-CO2 greenhouse gas
emissions through 2030. J. Integr. Environ. Sci. 12, 87-105. https://doi.org/
10.1080/1943815X.2015.1110183.

Bustamante, M., Robledo-Abad, C., Harper, R., Mbow, C., Ravindranat, N.H., Sperling, F.,
et al., 2014. Co-benefits, trade-offs, barriers and policies for greenhouse gas
mitigation in the agriculture, forestry and other land use (AFOLU) sector. Glob.
Chang. Biol. 20, 3270-3290. https://doi.org/10.1111/gcb.12591.

Campion, L., Bekchanova, M., Malina, R., Kuppens, T., 2023. The costs and benefits of
biochar production and use: A systematic review. J. Clean. Prod. 408, 137138.
https://doi.org/10.1016/j.jclepro.2023.137138.

Chen, Y., 2021. The role of small farm household and the change of their situation in
agricultural modernization process. J. China Agricult. Univ. (Soc. Sci.) 38, 19-30.
https://doi.org/10.13240/j.cnki.caujsse.2021.04.002.

Chen, M., Cui, Y., Jiang, S., Forsell, N., 2022. Toward carbon neutrality before 2060:
trajectory and technical mitigation potential of non-CO2 greenhouse gas emissions
from Chinese agriculture. J. Clean. Prod. 368, 133186 https://doi.org/10.1016/j.
jclepro.2022.133186.

Cui, Z., Zhang, H., Chen, X., Zhang, C., Ma, W., Huang, C., et al., 2018. Pursuing
sustainable productivity with millions of smallholder farmers. Nature. 555, 363-366.
https://doi.org/10.1038/nature25785.


https://doi.org/10.1016/j.eiar.2023.107409
https://doi.org/10.1016/j.eiar.2023.107409
https://doi.org/10.1016/j.scitotenv.2022.154388
https://doi.org/10.1016/j.scitotenv.2022.154388
https://doi.org/10.1016/j.eiar.2021.106677
https://doi.org/10.56506/OJYG4210
https://doi.org/10.56506/OJYG4210
https://doi.org/10.1016/j.scitotenv.2021.152073
https://doi.org/10.1016/j.scitotenv.2021.152073
https://doi.org/10.1038/nclimate2353
https://doi.org/10.1080/1943815X.2015.1110183
https://doi.org/10.1080/1943815X.2015.1110183
https://doi.org/10.1111/gcb.12591
https://doi.org/10.1016/j.jclepro.2023.137138
https://doi.org/10.13240/j.cnki.caujsse.2021.04.002
https://doi.org/10.1016/j.jclepro.2022.133186
https://doi.org/10.1016/j.jclepro.2022.133186
https://doi.org/10.1038/nature25785

Y. Deng et al.

Cui, Y., Khan, S.U., Deng, Y., Zhao, M., 2022. Spatiotemporal heterogeneity, convergence
and its impact factors: perspective of carbon emission intensity and carbon emission
per capita considering carbon sink effect. Environ. Impact Assess. Rev. 92, 106699
https://doi.org/10.1016/j.eiar.2021.106699.

Duan, Y., Gao, Y., Zhao, J., Xue, Y., Zhang, W., Wu, W, et al., 2023. Agricultural
methane emissions in China: inventories, driving forces and mitigation strategies.
Environ. Sci. Technol. 57, 13292-13303. https://doi.org/10.1021/acs.est.3c04209.

Duffy, C., Prudhomme, R., Duffy, B., Gibbons, J., Iannetta, P.P.M., O’'Donoghue, C., et al.,
2022. Randomized national land management strategies for net-zero emissions. Nat.
Sustain. 5, 973-980. https://doi.org/10.1038/541893-022-00946-0.

EF, 2020. Synthesis Report 2020 on China’s Carbon Neutrality: China’s New Growth
Pathway: from the 14th Five Year Plan to Carbon Neutrality. Energy Foundation
China, Beijing, China.

Forster, E.J., Healey, J.R., Dymond, C., Styles, D., 2021. Commercial afforestation can
deliver effective climate change mitigation under multiple decarbonisation
pathways. Nat. Commun. 12, 3831. https://doi.org/10.1038/541467-021-24084-x.

Frank, S., Beach, R., Havlik, P., Valin, H., Herrero, M., Mosnier, A., et al., 2018.
Structural change as a key component for agricultural non-CO2 mitigation efforts.
Nat. Commun. 9, 1060. https://doi.org/10.1038/541467-018-03489-1.

Frank, S., Havlik, P., Stehfest, E., van Meijl, H., Witzke, P., Pérez-Dominguez, 1., et al.,
2019. Agricultural non-CO2 emission reduction potential in the context of the 1.5°C
target. Nature. Climate Change 9, 66-72. https://doi.org/10.1038/541558-018-
0358-8.

Fridahl, M., Lehtveer, M., 2018. Bioenergy with carbon capture and storage (BECCS):
global potential, investment preferences, and deployment barriers. Energy Res. Soc.
Sci. 42, 155-165. https://doi.org/10.1016/j.erss.2018.03.019.

Fuss, S., Canadell, J.G., Peters, G.P., Tavoni, M., Andrew, R.M., Ciais, P., et al., 2014.
Betting on negative emissions. Nat. Clim. Chang. 4, 850-853. https://doi.org/
10.1038/nclimate2392.

Gernaat, D.E.H.J., Calvin, K., Lucas, P.L., Luderer, G., Otto, S.A.C., Rao, S., et al., 2015.
Understanding the contribution of non-carbon dioxide gases in deep mitigation
scenarios. Glob. Environ. Chang. 33, 142-153. https://doi.org/10.1016/j.
gloenvcha.2015.04.010.

Grosjean, G., Fuss, S., Koch, N., Bodirsky, B.L., De Cara, S., Acworth, W., 2018. Options
to overcome the barriers to pricing European agricultural emissions. Clim. Pol. 18,
151-169. https://doi.org/10.1080/14693062.2016.1258630.

Han, S., Zhang, F., Li, Q., Sun, S., Li, J., Wei, G., et al., 2018. Application of non-anti-
silage in ruminant breeding. Heilongjiang Anim. Sci. Vet. Med. 16, 143-158. https://
doi.org/10.13881/j.cnki.hljxmsy.2018.02.0034.

Hanssen, S.V., Daioglou, V., Steinmann, Z.J.N., Doelman, J.C., Van Vuuren, D.P.,
Huijbregts, M.A.J., 2020. The climate change mitigation potential of bioenergy with
carbon capture and storage. Nat. Clim. Chang. 10, 1023-1029. https://doi.org/
10.1038/541558-020-0885-y.

Hasegawa, T., Matsuoka, Y., 2012. Greenhouse gas emissions and mitigation potentials
in agriculture, forestry and other land use in Southeast Asia. J. Integr. Environ. Sci.
9, 159-176. https://doi.org/10.1080/1943815x.2012.701647.

Hasegawa, T., Matsuoka, Y., 2015. Climate change mitigation strategies in agriculture
and land use in Indonesia. Mitig. Adapt. Strateg. Glob. Chang. 20, 409-424. https://
doi.org/10.1007/5s11027-013-9498-3.

Herrero, M., Henderson, B., Havlik, P., Thornton, P.K., Conant, R.T., Smith, P., et al.,
2016. Greenhouse gas mitigation potentials in the livestock sector. Nat. Clim. Chang.
6, 452-461. https://doi.org/10.1038/nclimate2925.

Hoa, N.T., Hasegawa, T., Matsuoka, Y., 2014. Climate change mitigation strategies in
agriculture, forestry and other land use sectors in Vietnam. Mitig. Adapt. Strateg.
Glob. Chang. 19, 15-32. https://doi.org/10.1007/s11027-012-9424-0.

Hu, W., Zhang, J., Wang, H., 2020. Characteristics and influencing factors of agricultural
carbon emission in China. Stat. Decis. 36, 56-62. https://doi.org/10.13546/j.cnki.
tjyjc.2020.05.012.

Humpendder, F., Popp, A., Dietrich, J.P., Klein, D., Lotze-Campen, H., Bonsch, M., et al.,
2014. Investigating afforestation and bioenergy CCS as climate change mitigation
strategies. Environ. Res. Lett. 9, 064029 https://doi.org/10.1088/1748-9326/9/6/
064029.

IPCC, 2022. IPCC 2022: Climate change 2022: Mitigation of climate change:
Contribution of working group III to the sixth assessment report of the
intergovernmental panel on climate change. In: Shukla, P.R., Skea, J., Reisinger, A.,
Slade, R., Fradera, R., Pathak, M., et al. (Eds.), Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA.

Isermeyer, F., Heidecke, C., Osterburg, B., 2021. Integrating Agriculture into Carbon
Pricing.

Jiang, T., Su, B., Wang, Y., Huang, J., Jing, C., Gao, M., et al., 2022. Gridded datasets for
population and economy under Shared Socioeconomic Pathways. In: Science Data
Bank, 1 ed.

Jilani, T., Hasegawa, T., Matsuoka, Y., 2015. The future role of agriculture and land use
change for climate change mitigation in Bangladesh. Mitig. Adapt. Strateg. Glob.
Chang. 20, 1289-1304. https://doi.org/10.1007/511027-014-9545-8.

Leahy, S., Clark, H., Reisinger, A., 2020. Challenges and prospects for agricultural
greenhouse gas mitigation pathways consistent with the Paris agreement. Front.
Sustain. Food Syst. 4, 69. https://doi.org/10.3389/fsufs.2020.00069.

Li, B., Guo, Y., Liang, F., Liu, W., Wang, Y., Cao, W., et al., 2024. Global integrative meta-
analysis of the responses in soil organic carbon stock to biochar amendment.

J. Environ. Manag. 351, 119745. https://doi.org/10.1016/j.jenvman.2023.119745.

Lin, B., Xu, M., Wang, X., 2022. Mitigation of greenhouse gas emissions in China’s
agricultural sector: current status and future perspectives. Chin. J. Eco-Agric. 30,
500-515. https://doi.org/10.12357/cjea.20210843.

12

Environmental Impact Assessment Review 105 (2024) 107409

Liu, T., Xu, H., 2023. Post-assessment in policy-based strategic environmental
assessment: taking China’s agricultural support and protection subsidy policy as an
example. Environ. Impact Assess. Rev. 100, 107047 https://doi.org/10.1016/j.
eiar.2023.107047.

Liu, F., Yong, H., 2019. Greenhouse gas emission reduction potential of livestock manure
management: a case study of cattle breeding. Ecol. Econ. 35, 42-46.

Lynch, J., 2019. Availability of disaggregated greenhouse gas emissions from beef cattle
production: a systematic review. Environ. Impact Assess. Rev. 76, 69-78. https://
doi.org/10.1016/j.eiar.2019.02.003.

Mazac, R., Meinila, J., Korkalo, L., Jarvio, N., Jalava, M., Tuomisto, H.L., 2022.
Incorporation of novel foods in European diets can reduce global warming potential,
water use and land use by over 80%. Nat. Food 3, 286-293. https://doi.org/
10.1038/543016-022-00489-9.

MEE, 2016. The People’s Republic of China First Biennial Update Report on Climate
Change. Ministry of Ecology and Environment, PRC, Beijing, China.

MEE, 2018a. The People’s Republic of China Second Biennial Update Report on Climate
Change. Ministry of Ecology and Environment, PRC, Beijing, China.

MEE, 2018b. The People’s Republic of China Third National Communication on Climate
Change. Ministry of Ecology and Environment, PRC, Beijing, China.

Montzka, S.A., Dlugokencky, E.J., Butler, J.H., 2011. Non-CO2 greenhouse gases and
climate change. Nature. 476, 43-50. https://doi.org/10.1038/nature10322.

Moran, D., Lucas, A., Barnes, A., 2013. Mitigation win-win. Nat. Clim. Chang. 3,
611-613. https://doi.org/10.1038/nclimate1922.

Nayak, D., Saetnan, E., Cheng, K., Wang, W., Koslowski, F., Cheng, Y., et al., 2015.
Management opportunities to mitigate greenhouse gas emissions from Chinese
agriculture. Agric. Ecosyst. Environ. 209, 108-124. https://doi.org/10.1016/j.
agee.2015.04.035.

NDRC, 2011. Guidelines for the Preparation of Provincial Greenhouse Gas Inventories
(for Trial Implementation). National Development and Reform Commission Climate
Division, PRC, Beijing, China.

Northrup, D.L., Basso, B., Wang, M.Q., Morgan, C.L.S., Benfey, P.N., 2021. Novel
technologies for emission reduction complement conservation agriculture to achieve
negative emissions from row-crop production. Proc. Natl. Acad. Sci. 118,
€2022666118 https://doi.org/10.1073/pnas.2022666118.

NZME, 2019. Action on Agricultural Emissions: A Discussion Document on Proposals to
Address Greenhouse Gas Emissions from Agriculture. Ministry for the Environment
(New Zealand), Wellington, New Zealand.

Olale, E., Yiridoe, E.K., Ochuodho, T.O., Lantz, V., 2019. The effect of carbon tax on farm
income: evidence from a Canadian Province. Environ. Resour. Econ. 74, 605-623.
https://doi.org/10.1007/s10640-019-00337-8.

Ollikainen, M., Lankoski, J., Lotjonen, S., 2020. Climate change mitigation and
agriculture: measures, costs and policies — a literature review. Agric. Food Sci. 2,
110-129. https://doi.org/10.23986/afsci.85830.

O’Neill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., et al.,
2017. The roads ahead: narratives for shared socioeconomic pathways describing
world futures in the 21st century. Glob. Environ. Chang. 42, 169-180. https://doi.
org/10.1016/j.gloenvcha.2015.01.004.

Pellerin, S., Bamiere, L., Angers, D., Béline, F., Benoit, M., Butault, J.-P., et al., 2017.
Identifying cost-competitive greenhouse gas mitigation potential of French
agriculture. Environ. Sci. Pol. 77, 130-139. https://doi.org/10.1016/j.
envsci.2017.08.003.

Perosa, B., Newton, P., da Silva, R.F.B., 2023. A monitoring, reporting and verification
system for low carbon agriculture: a case study from Brazil. Environ. Sci. Pol. 140,
286-296. https://doi.org/10.1016/j.envsci.2022.12.006.

Pradhan, B.B., Shrestha, R.M., Hoa, N.T., Matsuoka, Y., 2017. Carbon prices and
greenhouse gases abatement from agriculture, forestry and land use in Nepal. Glob.
Environ. Chang. 43, 26-36. https://doi.org/10.1016/j.gloenvcha.2017.01.005.

Pradhan, B.B., Chaichaloempreecha, A., Limmeechokchai, B., 2019. GHG mitigation in
agriculture, forestry and other land use (AFOLU) sector in Thailand. Carbon Balance
Manag. 14, 3. https://doi.org/10.1186/513021-019-0119-7.

Ragnauth, S.A., Creason, J., Alsalam, J., Ohrel, S., Petrusa, J.E., Beach, R.H., 2015.
Global mitigation of non-CO2 greenhouse gases: marginal abatement costs curves
and abatement potential through 2030. J. Integr. Environ. Sci. 12, 155-168. https://
doi.org/10.1080/1943815X.2015.1110182.

Reay, D.S., Davidson, E.A., Smith, K.A., Smith, P., Melillo, J.M., Dentener, F., et al., 2012.
Global agriculture and nitrous oxide emissions. Nat. Clim. Chang. 2, 410-416.
https://doi.org/10.1038/nclimate1458.

Rees, R.M., Baddeley, J.A., Bhogal, A., Ball, B.C., Chadwick, D.R., Macleod, M., et al.,
2013. Nitrous oxide mitigation in UK agriculture. Soil Sci. Plant Nutr. 59, 3-15.
https://doi.org/10.1080/00380768.2012.733869.

Roe, S., Streck, C., Obersteiner, M., Frank, S., Griscom, B., Drouet, L., et al., 2019.
Contribution of the land sector to a 1.5 °C world. Nature. Climate Change 9,
817-828. https://doi.org/10.1038/s41558-019-0591-9.

Shakoor, A., Arif, M.S., Shahzad, S.M., Farooq, T.H., Ashraf, F., Altaf, M.M., et al., 2021.
Does biochar accelerate the mitigation of greenhouse gaseous emissions from
agricultural soil? - a global meta-analysis. Environ. Res. 202, 111789 https://doi.
org/10.1016/j.envres.2021.111789.

Shang, Z., Abdalla, M., Xia, L., Zhou, F., Sun, W., Smith, P., 2021. Can cropland
management practices lower net greenhouse emissions without compromising yield?
Glob. Chang. Biol. 27, 4657-4670. https://doi.org/10.1111/gcb.15796.

Solazzo, E., Crippa, M., Guizzardi, D., Muntean, M., Choulga, M., Janssens-Maenhout, G.,
2021. Uncertainties in the emissions database for global atmospheric research
(EDGAR) emission inventory of greenhouse gases. Atmos. Chem. Phys. 21,
5655-5683. https://doi.org/10.5194/acp-21-5655-2021.


https://doi.org/10.1016/j.eiar.2021.106699
https://doi.org/10.1021/acs.est.3c04209
https://doi.org/10.1038/s41893-022-00946-0
http://refhub.elsevier.com/S0195-9255(23)00375-X/opt3acBHN2jlv
http://refhub.elsevier.com/S0195-9255(23)00375-X/opt3acBHN2jlv
http://refhub.elsevier.com/S0195-9255(23)00375-X/opt3acBHN2jlv
https://doi.org/10.1038/s41467-021-24084-x
https://doi.org/10.1038/s41467-018-03489-1
https://doi.org/10.1038/s41558-018-0358-8
https://doi.org/10.1038/s41558-018-0358-8
https://doi.org/10.1016/j.erss.2018.03.019
https://doi.org/10.1038/nclimate2392
https://doi.org/10.1038/nclimate2392
https://doi.org/10.1016/j.gloenvcha.2015.04.010
https://doi.org/10.1016/j.gloenvcha.2015.04.010
https://doi.org/10.1080/14693062.2016.1258630
https://doi.org/10.13881/j.cnki.hljxmsy.2018.02.0034
https://doi.org/10.13881/j.cnki.hljxmsy.2018.02.0034
https://doi.org/10.1038/s41558-020-0885-y
https://doi.org/10.1038/s41558-020-0885-y
https://doi.org/10.1080/1943815x.2012.701647
https://doi.org/10.1007/s11027-013-9498-3
https://doi.org/10.1007/s11027-013-9498-3
https://doi.org/10.1038/nclimate2925
https://doi.org/10.1007/s11027-012-9424-0
https://doi.org/10.13546/j.cnki.tjyjc.2020.05.012
https://doi.org/10.13546/j.cnki.tjyjc.2020.05.012
https://doi.org/10.1088/1748-9326/9/6/064029
https://doi.org/10.1088/1748-9326/9/6/064029
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0140
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0145
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0145
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0150
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0150
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0150
https://doi.org/10.1007/s11027-014-9545-8
https://doi.org/10.3389/fsufs.2020.00069
https://doi.org/10.1016/j.jenvman.2023.119745
https://doi.org/10.12357/cjea.20210843
https://doi.org/10.1016/j.eiar.2023.107047
https://doi.org/10.1016/j.eiar.2023.107047
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0175
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0175
https://doi.org/10.1016/j.eiar.2019.02.003
https://doi.org/10.1016/j.eiar.2019.02.003
https://doi.org/10.1038/s43016-022-00489-9
https://doi.org/10.1038/s43016-022-00489-9
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0190
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0190
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0195
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0195
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0200
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0200
https://doi.org/10.1038/nature10322
https://doi.org/10.1038/nclimate1922
https://doi.org/10.1016/j.agee.2015.04.035
https://doi.org/10.1016/j.agee.2015.04.035
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0220
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0220
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0220
https://doi.org/10.1073/pnas.2022666118
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0230
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0230
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0230
https://doi.org/10.1007/s10640-019-00337-8
https://doi.org/10.23986/afsci.85830
https://doi.org/10.1016/j.gloenvcha.2015.01.004
https://doi.org/10.1016/j.gloenvcha.2015.01.004
https://doi.org/10.1016/j.envsci.2017.08.003
https://doi.org/10.1016/j.envsci.2017.08.003
https://doi.org/10.1016/j.envsci.2022.12.006
https://doi.org/10.1016/j.gloenvcha.2017.01.005
https://doi.org/10.1186/s13021-019-0119-7
https://doi.org/10.1080/1943815X.2015.1110182
https://doi.org/10.1080/1943815X.2015.1110182
https://doi.org/10.1038/nclimate1458
https://doi.org/10.1080/00380768.2012.733869
https://doi.org/10.1038/s41558-019-0591-9
https://doi.org/10.1016/j.envres.2021.111789
https://doi.org/10.1016/j.envres.2021.111789
https://doi.org/10.1111/gcb.15796
https://doi.org/10.5194/acp-21-5655-2021

Y. Deng et al.

Stede, J., Pauliuk, S., Hardadi, G., Neuhoff, K., 2021. Carbon pricing of basic materials:
incentives and risks for the value chain and consumers. Ecol. Econ. 189, 107168
https://doi.org/10.1016/j.ecolecon.2021.107168.

Stepanyan, D., Heidecke, C., Osterburg, B., Gocht, A., 2023. Impacts of national vs
European carbon pricing on agriculture. Environ. Res. Lett. 18, 074016 https://doi.
0rg/10.1088/1748-9326/acdcac.

Tubiello, F.N., Salvatore, M., Rossi, S., Ferrara, A., Fitton, N., Smith, P., 2013. The
FAOSTAT database of greenhouse gas emissions from agriculture. Environ. Res. Lett.
8, 015009 https://doi.org/10.1088/1748-9326/8/1/015009.

Tvinnereim, E., Mehling, M., 2018. Carbon pricing and deep decarbonisation. Energy
Policy 121, 185-189. https://doi.org/10.1016/j.enpol.2018.06.020.

UN, 2023. The Sustainable Development Goals Report 2023, Special edition. United
Nations Department of Economic and Social Affairs, New York, USA.

USEPA, 2019. Non-CO2 Emission Projections and Mitigation Summary Report:
2015-2050. United States Environmental Protection Agency, Washington DC, USA.

Vermont, B., De Cara, S., 2010. How costly is mitigation of non-CO2 greenhouse gas
emissions from agriculture?: a meta-analysis. Ecol. Econ. 69, 1373-1386. https://
doi.org/10.1016/j.ecolecon.2010.02.020.

van Vuuren, D.P., Stehfest, E., Gernaat, D.E.H.J., Doelman, J.C., van den Berg, M.,
Harmsen, M., et al., 2017. Energy, land-use and greenhouse gas emissions
trajectories under a green growth paradigm. Glob. Environ. Chang. 42, 237-250.
https://doi.org/10.1016/j.gloenvcha.2016.05.008.

Wang, H.H., 2022. The perspective of meat and meat-alternative consumption in China.
Meat Sci. 194, 108982 https://doi.org/10.1016/j.meatsci.2022.108982.

Wang, W., Koslowski, F., Nayak, D.R., Smith, P., Saetnan, E., Ju, X., et al., 2014.
Greenhouse gas mitigation in Chinese agriculture: distinguishing technical and
economic potentials. Glob. Environ. Chang. 26, 53-62. https://doi.org/10.1016/j.
gloenvcha.2014.03.008.

Wang, M., Zhang, Z., Lv, C., Lin, Y., 2016. CH4 and N20 emissions from rice paddy field
and their GWPs research in different irrigation modes in cold region. Res. Soil Water
Conserv. 23, 95-100.

13

Environmental Impact Assessment Review 105 (2024) 107409

Wang, B., Cai, A., Ye, Li, Qin, X., Wilkes, A., Wang, P., et al., 2022. Four pathways
towards carbon neutrality by controlling net greenhouse gas emissions in Chinese
cropland. Resour. Conserv. Recycl. 186, 106576 https://doi.org/10.1016/j.
resconrec.2022.106576.

Wang, X., Chang, X., Ma, L., Bai, J., Liang, M., Yan, S., 2023. Global and regional trends
in greenhouse gas emissions from rice production, trade, and consumption. Environ.
Impact Assess. Rev. 101, 107141 https://doi.org/10.1016/j.eiar.2023.107141.

Xia, L., Cao, L., Yang, Y., Ti, C., Liu, Y., Smith, P, et al., 2023. Integrated biochar
solutions can achieve carbon-neutral staple crop production. Nat. Food 4, 236-246.
https://doi.org/10.1038/543016-023-00694-0.

Xie, J., Dai, H., Xie, Y., Hong, L., 2018. Effect of carbon tax on the industrial
competitiveness of Chongging, China. Energy Sustain. Dev. 47, 114-123. https://
doi.org/10.1016/j.esd.2018.09.003.

Xu, P., Liao, Y., Zheng, Y., Zhao, C., Zhang, X., Zheng, Z., et al., 2019. Northward shift of
historical methane emission hotspots from the livestock sector in China and
assessment of potential mitigation options. Agric. For. Meteorol. 272-273, 1-11.
https://doi.org/10.1016/j.agrformet.2019.03.022.

Yang, L., Li, X., Yu, S., Liu, W., Hu, R., 2016. The mitigation potential of greenhouse gas
emissions from pig manure management in Hubei. Resour. Sci. 38, 557-564. https://
doi.org/10.18402/resci.2016.03.18.

Zhang, X., Wang, R., Ma, Z., Wang, M., Tan, Z., 2020. Enteric methane emissions and
mitigation strategies in ruminants. J. Agro-Environ. Sci. 39, 732-742. https://doi.
org/10.11654/jaes.2020-0105.

Zhao, Y., Wang, C., Cai, W., 2022. Carbon pricing policy, revenue recycling schemes, and
income inequality: a multi-regional dynamic CGE assessment for China. Resour.
Conserv. Recycl. 181, 106246 https://doi.org/10.1016/j.resconrec.2022.106246.

Zhou, X., Li, J., Yu, S., Liu, W., Hu, R., 2017. Comprehensive assessment of rice planting
patterns based on emission reduction potential and cost: a case study of Hubei
Province, China. J. Agricult. Resour. Environ. 34, 568-575. https://doi.org/
10.13254/j.jare.2017.0115.


https://doi.org/10.1016/j.ecolecon.2021.107168
https://doi.org/10.1088/1748-9326/acdcac
https://doi.org/10.1088/1748-9326/acdcac
https://doi.org/10.1088/1748-9326/8/1/015009
https://doi.org/10.1016/j.enpol.2018.06.020
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0325
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0325
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0330
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0330
https://doi.org/10.1016/j.ecolecon.2010.02.020
https://doi.org/10.1016/j.ecolecon.2010.02.020
https://doi.org/10.1016/j.gloenvcha.2016.05.008
https://doi.org/10.1016/j.meatsci.2022.108982
https://doi.org/10.1016/j.gloenvcha.2014.03.008
https://doi.org/10.1016/j.gloenvcha.2014.03.008
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0355
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0355
http://refhub.elsevier.com/S0195-9255(23)00375-X/rf0355
https://doi.org/10.1016/j.resconrec.2022.106576
https://doi.org/10.1016/j.resconrec.2022.106576
https://doi.org/10.1016/j.eiar.2023.107141
https://doi.org/10.1038/s43016-023-00694-0
https://doi.org/10.1016/j.esd.2018.09.003
https://doi.org/10.1016/j.esd.2018.09.003
https://doi.org/10.1016/j.agrformet.2019.03.022
https://doi.org/10.18402/resci.2016.03.18
https://doi.org/10.18402/resci.2016.03.18
https://doi.org/10.11654/jaes.2020-0105
https://doi.org/10.11654/jaes.2020-0105
https://doi.org/10.1016/j.resconrec.2022.106246
https://doi.org/10.13254/j.jare.2017.0115
https://doi.org/10.13254/j.jare.2017.0115

	Impact of carbon pricing on mitigation potential in Chinese agriculture: A model-based multi-scenario analysis at provincia ...
	1 Introduction
	2 Methods and data
	2.1 Agricultural GHG inventory
	2.2 Agricultural GHG mitigation measures inventory
	2.3 Structure of ATOM
	2.4 Scenario settings
	2.5 Data sources
	2.6 Model validation and comparison with other studies

	3 Results
	3.1 Agricultural GHG mitigation pathways in China
	3.2 Agricultural GHG mitigation potential: Agricultural products
	3.3 Agricultural GHG mitigation potential: GHGs and emission sources
	3.4 Agricultural GHG mitigation potential: regional differences
	3.5 Agricultural GHG mitigation potential: mitigation measures

	4 Discussion
	4.1 GHG mitigation potential in Chinese agriculture
	4.2 Policy implications

	5 Conclusions
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


