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Preface

by Peggy Giinther (project coordinator)

Climate change and
agriculture - relevance

The link between agriculture and climate
change is well documented. The sector
contributes to climate change in two ways:
In addition to greenhouse gas emissions
(namely carbon dioxide, methane and
nitrous dioxide from agricultural production
and land-use change), the agriculture as
well as the forestry sector are the only
sectors that actively contribute to carbon
sequestration and thus act as greenhouse gas
sinks. Significant contributions to climate
protection are humus formation in arable
land, the fermentation of liquid manure and
peatland restoration.

The most recent IPCC report Climate change
and Land (2019) once again underlined that
agriculture, forestry and other land use
activities account for 23% of total anthro-
pogenic net greenhouse gas emissions.
Land-based mitigation and land-use changes
are needed to limit global warming to 1.5°C
or well below 2°C compared to pre-industrial
levels. Despite emissions from agricultural
production and other land use activities,
agriculture is also the sector most directly

affected by its impacts.

For example, anthropogenic climate change
and its consequences, such as more frequent
extreme weather events, new pests and
diseases, etcetera, lead to poor harvests or
crop failures, threatening farmer’s livelihoods
and even food supplies.

While adaptation to climatic developments
is becoming a necessity from a local
perspective, the reduction of greenhouse
gas emissions is imperative from a global
perspective. It should be stressed that, from
a long-term perspective, the most effective
form of adaptation is mitigation. Therefore,
the key question is how to produce in a
climate-friendly way, i.e. with the lowest
possible GHG emissions.

China and Germany are committed to
an active climate policy. Both countries
have adopted national climate action plans
and defined their own sectoral targets for
combating climate change in agriculture.
Moreover, both parties have signed the Paris
Agreement, which once again underlines the
need for active cooperation between nations
and the involvement of key stakeholders
at all levels. In recognition of the strong
interaction between climate change and
agriculture, the respective German and
Chinese ministries are tackling the issues

through joint project activities.
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Scope of the study

The present study outlines the findings
of the German-Chinese Cooperation on
Agriculture and Climate Change, which
was implemented in 2019. The overall aim
of the project was to establish an expert
dialogue to develop policy recommen-
dations for innovative, climate-relevant
interventions in the agricultural sector
in Germany and China. To this end, the
project brought together renowned and
experienced experts from both countries
with a strong background on various
aspects of the interaction between climate
change and agriculture. Their work, which
is presented here, was based on their own
research and professional experience and
was significantly complemented by the
exchange and insights gained through the
intensive collaboration within the project,
especially during the exchange visits.

In order to cover the broad range of topics
related to climate change and agriculture,
this collection consists of six selected
articles. In the first chapter, it introduces
the current climate policy in China and
Germany by providing general information,
e.g. on the development of greenhouse gas
emissions and the most important political
measures. It focuses on policies to mitigate
climate change, presenting good practices
and providing further recommendations.
Moreover, additional exchange on the topic

is encouraged.
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Chapter two presents research findings
with a focus on mitigation of greenhouse
gases in livestock production. In particular,
the relevance of nitrogen use efficiency
in livestock production and options for
improvement, including livestock feeding
and housing, as well as manure storage,
processing and application, are discussed.
The latter is explicitly addressed by
providing information on the treatment
and utilization modes recommended by the
Chinese Ministry of Agriculture and Rural
Affairs.

Chapter three focuses on how climate
change is already affecting crop production
in Europe and its projected future impacts.
Aspects such as growing season length,
water availability and increased COz2 levels
are covered. It then outlines options for
adaptation and mitigation through plant
breeding — and reiterates the need for
international cooperation.

The final chapter deals with current
global developments and their impacts on
greenhouse gas emissions from agriculture.
By comparing greenhouse gas emissions
from pork production and feed imports
in China and the European Union, it
highlights the impact of the recent trade
disruption between China and the United
States as well as the impact of African swine
fever on trade flows of pig feed, pork and

related emissions.

About the project

The current study was prepared as a
contribution of the German-Chinese
Cooperation on Agriculture and Climate
Change, a sub-project of the Sino-German
Agricultural Centre (DCZ). The DCZ is
part of the Bilateral Cooperation Programme
(BKP) of the German Federal Ministry
of Food and Agriculture (BMEL), which
strengthens  the = German-international
exchange between political and economic
actors from the agricultural sector. The
partner countries are emerging economies
that are important in terms of agro-food
policy and are also the focus of the BMELs
bilateral cooperation, which is based on the
pillars of understanding, development and
sustainability.

The project is being implemented by IAK
Agrar Consulting GmbH (IAK) as lead
company in a consortium with the Leibniz
Institute of Agricultural Development in
Transition Economies (IAMO).

The Sino-German Agricultural Centre is
a joint initiative of the German Federal
Ministry of Food and Agriculture (BMEL)
and the Ministry of Agriculture and Rural
Affairs of the People’s Republic of China
(MARA). It was established in March 2015
as a central contact and information point
and for coordinating bilateral cooperation
between Germany and China in the

agricultural and food sector.

China is an important partner for Germany
in the field of agriculture and food, both
economically and politically. The BMEL has
a great interest in playing a constructive role
in China’s transformation process. Thus, the
DCZ brings together stakeholders from the
public and private sector and the scientific
community. It creates forums in which
agricultural issues of common interest are
addressed. The spectrum of Sino-German
cooperation in the agricultural sector
is reflected in the three components of
the DCZ: Agricultural Policy Dialogue,
Agri-Food Business Dialogue and Scientific
Dialogue. Further information can be found
on the project website.

https://dcz-china.org/en/the-project.html
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Abstract

Germany is an active promoter and
leader in tackling climate change. It has
set targets for reducing greenhouse gas
(GHG) emissions by 40% and 55% in 2020
and 2030 respectively, and a long-term
goal of achieving net-zero GHG emissions
in 2050. The Climate-Protection Law was
approved by the German lower house
of Parliament in November 2019. The
agricultural sector is a main source of
GHG emissions. Germany has accordingly
formulated short, medium and long-term
reduction targets, policy measures and
good practices for agricultural GHG
emissions to achieve its national reduction
targets by 2020, 2030 and 2050. This
paper presents German agricultural GHG
emission trends, its agricultural policies
and measures to address climate change,
scientific research and innovation plans,
best practices and potentials to reduce
greenhouse gas emissions in agriculture,
and finally some suggestions for China’s

agricultural GHG emissions reduction.
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Bo Li,
Wenzheng Xu,
Yan Yan,
Hongmin Dong,
Yu'e Li

Germany’s

Mitigation Policies
and Measures of
Climate Change

in Agriculture and Its
Inspiration to China

I.

Introduction

In June 2019, the Chinese Minister of
Agriculture and Rural Affairs (MARA)
and the German Federal Minister of
Food and Agriculture (BMEL) signed
the Joint Declaration of Intent on Climate
Change and Agricultural Cooperation. They
agreed to carry out Sino-German cooper-
ation activities on agriculture and climate
change projects, investigate climate
change issues in the agricultural sector in
China and Germany, exchange climate
change impact and mitigation strategies,
identify best practices in adaptation and
mitigation of climate change, and promote
the formulation and implementation of
agricultural policies to combat climate
change. In order to better implement
the Joint Declaration of Intent on Climate
Change and Agricultural  Cooperation
signed by the two countries, Chinese
experts went to Germany for an exchange
visit in August 2019 and visited the BMEL,
the Leibniz Institute of Agricultural

Engineering and Bioeconomy, the Leibniz
Institute of Plant Genetics and Crop Plant
Research, the Federal Research Institute
for Rural Areas, Forestry and Fisheries,
Johann Heinrich von Thiinen Institute
and other research institutions and
agricultural enterprises, in order to learn
from Germany’s policies and measures,
best practices, scientific research and
innovation plans in agriculture. This
paper introduces Germany’s national
GHG emission trends, recent (2020),
medium (2030) and long-term (2050)
policy measures and good practices, and
innovation plans to promote the mitiga-
tion of climate change in agriculture.
Germany’s policy measures, best practices,
and principles to reduce agricultural GHG
emissions can be of help to promote the
efficient use of agricultural resources,
control non-point source pollution, reduce
GHG emissions and drive green agricul-

tural development in China.
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2.
Germany’s GHG emissions

Germany’s total GHG emissions in 2017
were 906.6 million tonnes of carbon dioxide
equivalent (CO2-eq). Germany is one of
the major agricultural producers in Europe,
and agricultural production activities are
a significant source of GHG emissions.
From 1990 to 2017, Germany’s total
agricultural GHG emissions accounted
for 5.9-7.5% of its total GHG emissions. In
2017, its agricultural GHG emissions were
66.3 million tonnes CO2-eq, accounting
for 73% of its total GHG emissions.
Agricultural GHG emissions are mainly
CH4 emissions from enteric fermen-
tation and manure management, N20
emissions from agricultural soils caused
by the application of chemical and organic
fertilisers, returning straw to the field,
excreted faeces by animals during grazing,
and COz2 emissions from the application of
limestone and urea to farmland. In 2017,
N20 emissions from agricultural soils,
CH4 emissions from enteric fermentation,
and CH4 and N20 emissions from
animal manure management accounted
for 40.2%, 38.5% and 14.4% respectively
of the total agricultural GHG emissions.
CO2 emissions from the application of
limestone and urea to farmland accounted
for 2.9% and 1.5% respectively of total
agricultural GHG emissions (Figure 1).
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Figure 1.

Germany’s GHG emissions in 2017

(million tonnes of CO2-eq). Adapted from
Common Reporting Format (CRF) for the
German Greenhouse Gas Inventory 1990 — 2017,
by Federal Ministry for the Environment,
Nature Conservation and Nuclear

Safety, 2019, retrieved from

hteps://unfcec.int/documents/194817

From 1990 to 2017, Germany’s total GHG
emissions fell by 27.5%, and agricultural
GHG emissions also indicated a downward
trend year by year. Compared with 1990,
agriculcural  GHG  emissions in 2017
dropped by 12.923 million tonnes CO2-eq,
a decrease of 16.3%. Germany’s agricultural
GHG emissions are only lower than those of
the Netherlands and Belgium, and slightly
higher than those of Denmark, the United
Kingdom, Finland, and Italy. It is worth
mentioning that three major agricultural
countries, including the United States,
New Zealand and Canada, have witnessed
an increase of their GHG emissions by
10.6%, 13.5%, and 27.8% respectively from
1990 to 2017 (United Nations Framework
Convention  on  Climate = Change

[UNFCCC], 2019; Figure 2a).

M Energy W Agriculture

M (nduscry Waste

The main reason for the decline in
Germany’s GHG emissions is that CHg4
emissions from enteric fermentation have
reduced by 9.817 million tonnes CO2-eq,
a decrease of 27.8% compared to 1990;
GHG emissions from manure management
reduced by 2.463 million tonnes CO2-eq,
a decrease of 20.5%; N20 emissions
from agricultural soils also reduced year
by year and dropped by 2.007 million
tonnes COz2-eq, a decrease of 7% (Figure
2b) compared to 1990. CO2 emissions
caused by the application of limestone to
the farmland reduced by 262,000 tonnes
CO2-eq. CO2 emissions caused by the
application of urea and other carbon-con-
taining fertilisers to the farmland were the
same as in 1990. CH4 and N2O emissions

caused by the fermentation of energy crops

1 Managed soil

management

Energy crop

Other carbon-
containing fertilizers

had increased rapidly from 390 tonnes
COz2-¢q in 1990 to 1.624 million tonnes
COz2-¢q in 2017. The decrease in CH4
emissions from enteric fermentation and
manure management is mainly due to the
reduction in the inventory of dairy cattle,
beef cattle, sheep, and pigs. In 2017, the
inventory of these four types of livestock
decreased by 33.9%, 38.5%, 43.0% and 13.5%
respectively (Federal Environment Agency
[FEA], 2019) compared with the inventory
of 1990. The decrease in N2O emissions
from agricultural soils was mainly due to
the decline in nitrogen input. Compared
to 1990, the amount of fertiliser applied
has decreased by 23.3% and the amount
of manure applied in 2017 by 13.4% (FEA,
2019).
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3.

Germany’s mitigation
policies and measures of
climate change in agriculture

In order to achieve the 2020 GHG reduction
targets, the German Ministry for the
Environment, Nature Conservation, Building
and Nuclear Safety (BMUB) issued the Climate
Action Programme 2020 in 2014, which put
forward priority emission reduction measures
and contributions of various industries
(Federal Ministry for the Environment, Nature
Conservation, Building and Nuclear Safety
[BMUB], 2014). The government updated
the German Sustainable Development Strategy
in 2018, which explicitly stated to increase the
proportion of organic agriculture areas from
6.3% in 2014 to 20% in 2030 (The Federal
Government [FGG], 2018). In November
2016, the BMUB passed the Climate Action
Plan 2050, which proposed medium and
long-term targets for the mitigation of climate
change, clarified emission reduction targets and
development paths for various industries, and
listed all technical measures for reducing GHG
emissions. Its medium-term target is to reduce
Germany’s total GHG emissions by s5% by
2030 in comparison to 1990, and the long-term
target is to achieve net-zero emissions by 2050
(BMUB, 2016). The Federal Ministry for the
Environment, Nature Conservation, and
Nuclear Safety (BMU) published the Climate
Action Plan 2030 in October 2019, reaffirming
its national and industrial emission reduction
targets for 2030, and identifying technical
measures and actions for industrial emission
reductions (Federal Ministry of Food and
Agriculture [BMEL], 2019).
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The German lower house of Parliament
approved the Climate-Protection Law in
November 2019, which set its medium and
long-term GHG reduction targets into law
for the first time. Also, the BMEL issued
directives on the promotion of innovation in
animal husbandry (BMEL, 20162), in crop
production (BMEL, 2016b), in the soil sector
(BMEL, 20160), a temporary call for proposals
in the area of raw material plant production for
material and energy use (BMEL, 2016d), the
German Fertiliser Ordinance (Kuhn, 2017), the
Livestock Husbandry Strateqy (BMEL, 2018),
and other GHG emission reduction policies
(Figure 3).

The Climate Action Programme 2020, issued by
the BMU in 2014, puts forward two priority
actions in the agriculture sector: 1) amending the
German Fertiliser Ordinance and calculating
fertliser demands, banning ferdlisation in
autumn and winter, increasing the capacity of
farm manuresstorage, and improving fertilisation
techniques. In addition, the improvement of
fertiliser management through an amendment
to the German Fertiliser Ordinance to reduce
farmland N2O emissions by 3.3 million tonnes
COz2-eq and CO2 emissions from fertiliser
production by 2.5 million tonnes CO2-eq was
addressed. Another priority was to 2) increase
the proportion of organic agriculture areas and
reduce GHG emissions during the production
of fertilisers and pesticides. The additional
emission reductions were 250,000 tonnes

COz2-eq (BMUB, 2014).
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Figure 2. Trends in agricultural GHG emissions, a) changes in total agricultural GHG emissions
in developed countries from 1990 to 2017; b) changing trends in Germany’s primary agricultural
GHG emission sources. Adapted from National Inventory Submissions in 2019 from Annex I Parties,
by United Nations Framework Convention on Climate Change, 2019, retrieved from
https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-
the-convention/greenhouse-gas-inventories-annex-i-parties/national-inventory-submissions-2019
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Climate Action German Fertiliser
Programm 2020 Ordinance

¢ Promoting research
and innovation

¢ Climate Action
Programm 2050

2019

¢ Climate-Protection Law

e Climate Action Plan 2030

¢ GHG emission reduction measures
for agriculture and foresty

¢ Revision of Germanys National 2020
Sustainable Development Strategy

* Animal Husbandry Strategy

2018

Figure 3. Germany’s main policy measures to address climate change and
their release dates. Data from BMU (2019), BMUB (2014, 2016),
BMEL (20163, 2016b, 2016¢, 2016d, 2018, 2019), FGG (2018), Kuhn (2017).

‘The Climate Action Plan 2050 proposed to
control agricultural GHG emissions at 58-61
million tonnes CO2-eq in 2030, which will
be 31-34% lower than in 1990, nitrogen
surplus within 70 kgN/ha in 2028-2032 and
increase organic agriculture areas to 20% in
2030. Work in the agriculture sector focuses
on reducing GHG emissions and improving
resource efficiency. Emission reduction
measures mainly include promoting the
implementation of agricultural policies and
measures; carrying out the German Fertiliser
Ordinance, developing technical measures for
reducing nitrogen, and supporting farmers
to promote gasification of straw and manure
by implementing the Common Agricultural
Policy (CAP) and the Improvement of
the Agricultural Structure and Coastal
Protection (GAK); studying climate-friendly

20

livestock breeding and variety selection
technologies, formulating livestock husbandry
development strategies, and reducing GHG
emissions in livestock husbandry; reducing
food waste; strengthening scientific research
on agricultural GHG emissions reduction

(BMUB, 2016).

The Climate Action Plan 2030 once again
puts forward the reduction target of
agricultural GHG  emissions that must
not exceed §8-61 million tonnes CO2-eq
in 2030 (BMU, 2019b). However, against
the backdrop of existing policy measures,
it is estimated that Germany’s agricultural
GHG emissions will be 67 million tonnes
COz2-¢q in 2030.

Therefore, the Climate Action Plan 2030

puts forward a set of enhanced emission

reduction measures and actions, clarifies actions to be performed for each measure,

proposes not to restrict agricultural production and to reduce agricultural competi-

tiveness while simultaneously carrying out emission reduction measures, improving

resource utilisation efficiency, taking mitigation and adaptation activities, and meeting

the targets of other policy measures (such as sustainable development strategies,

agricultural development wars, and air pollution control). Emission reduction measures

and actions include:

reducing nitrogen surplus, NH3 and
N20. From 2021 on, all farms will be
required to calculate their nitrogen
balance. If the allowable surplus
is exceeded, farm owners will be
interviewed, facing a potential penalty;
other possible measures are adjusting
the fertilisation time, improving
crop residue management, using
low-emission fertilisation technology,
increasing the sealed storage ratio of
cattle and pig manure (up to 70%),
and reducing agricultural NH3 and

N20 emissions;

promoting the production of biogas
from manure and straw, biogasifi-
cation of manure and gas-tight storage

of biogas slurry;

promotion of organic agriculture,
providing financial support and
research funding for its development,
and implementing organic agriculture

strategies;

reducing GHG emissions from livestock
husbandry. Guided by the protection of
animal welfare and taking into account
environmental impacts, appropriate
actions could include supporting farms
with no more than two animal units/
ha, promoting the animal welfare
labelling system for livestock products,
improving the standards of livestock
housing, collecting the assessment
results of feed production, consumption
and demands, formulating overall
strategies for the development of
livestock  husbandry, drawing up
binding qualitative animal welfare
targets and quantitative environmental
targets, and incorporating national
livestock husbandry strategies into the
overall strategies for reducing livestock

emissions;

improving energy efficiency and
further enhancing agricultural energy-
saving technology as well as the use of

renewable energy;



6. promoting the energy efficiency of
agricultural production and the use of
renewable energies (such as geothermal
energy and waste heat), regularly
checking the sealing of biogas digesters,
improving the efficiency of biogas
digesters, and carrying out farm energy

conservation training and consultation;

7. increasing soil organic carbon storage:
advocating crop rotation, building
windbreaks and compliance systems
for agriculture and forestry, making
voluntary accreditation of management
measures to increase soil carbon storage
and obtaining financial support, and
developing tools to accurately assess
soil carbon storage in order to increase
organic carbon storage, improve soil
quality, reduce CO2 emissions and

prevent pollution;

8. protecting  permanent  grassland,
increasinggrassland soil carbon storage,
continuing to implement regulations
for permanent grassland protection

and developing grassland strategies

The Climate-Protection Law stipulates that
the total GHG emissions shall be reduced by
at least 55% by 2030 compared to 1990 and
realise net-zero emissions by 2050. It specifies
the emissions allowed in different sectors,
such as energy, industry, construction,
transportation, agriculture and forestry, and

waste. It also points out requirements and
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to ensure and enhance sustainable
grassland use; implementing the
Common Agricultural Policy (direct
payments to farmers); continuing and
improving support for farms adopting
low-nitrogen fertiliser inputs, reduced
tillage and grassland renewal; carrying
on to adopt agricultural and environ-
mental protection measures to promote
grassland protection and utilisation, and
implementing the LFA subsidy policy
under the second pillar of the CAP,
which makes permanent grassland
maintenance  more  economically

attractive;

9. improving existing policies and measures
for peat soil protection, providing
necessary financial support for wetland
protection, and increasing research and
the development of peat soil protection;
strengthening research on peat soil
substitutes and reducing the use of peat

soil for horticultural planting;

10. drawing up a national strategy to reduce

and avoid food waste.

procedures for the monitoring, reporting
and verification of GHG emissions in
various industries. The federal government
is obliged to monitor GHG emissions
reduction targets in all industries. Once
one sector fails to achieve the emissions
reduction target, its competent authority

must submit an emergency plan within three

months, and the federal government will
take relevant measures to meet this emission
reduction target by means of consulting
relevant expert committees. Detailed carbon
emissions data for different sectors will be
measured annually by the German Federal
Environment Agency and published in
March of the following year. An independent
expert committee, composed of experts
in climate, social, economic, and environ-
mental sectors will evaluate the annual data
released by the Federal Environment Agency
and report to the lower house of Parliament

and the government.

The revised version of the German Fertiliser
Ordinance came into effect at the end of
May 2017. The regulation stipulates that
the amount of organic fertiliser applied to
agricultural land must not exceed 170 kg N/
ha; it also requires to calculate the amount
of organic nitrogen in manure and straw
returning to the field and the formulation of a
fertilisation plan based on the output. Further,
it stipulates that the nitrogen surplus must not
exceed 50 kg N/halyr, the phosphate fertiliser
surplus must not exceed 10 kg P/ha/yr, and
phosphorus-rich soil must not exceed o kg P/
ha/yr; the time in winter when fertilisation is
banned is delayed; a limit of applied fertiliser
for catch crop (ammonia nitrogen <30 kg and
total nitrogen <60 kg) is set; the requirement
that land must be ploughed within 4 hours
after fertilisers are applied to the soil surface
is stated, as is banning surface fertilisation on
farmland in 2020 and surface fertilisation on

grassland in 2025 (Kuhn, 2017).

Compared to the German Fertiliser Ordinance,
the revised version has stricter restrictions on
nitrogen surplus, fertilisation time, and soil
surface fertilisation, which can significantly
improve nitrogen fertiliser utilisation, reduce
N20 and NH3 emissions into farmland and

reduce losses such as the leaching of fertilisers.

In January 2018, the BMEL released the
Livestock Husbandry Strategy (BMEL, 2018),
which aims to improve animal welfare in
the livestock industry and to reduce adverse
effects on the environment. Simultaneously,
the economic foundation for agricultural
enterprises and the supply of sustainably
produced meat to consumers must be secured.
Main measures include improving livestock
housing and animal health, popularising
animal welfare food certification, supporting
the development of farming enterprises with
sufficient pastures, and restricting the use of
antibiotics. CAP funds are mainly used to
support small and medium-sized farming
enterprises so that they can meet increasing
demands for animal welfare, environment
and climate protection. The BMEL is
developing a grassland strategy to increase
grassland productivity and fulfil its ecological

functions.

The Cabinet of Germany approved the ten
climate change mitigation measures in the
agriculture and forestry sectors in September
2019 to ensure that these climate goals are met
(BMEL, 2019). The nine agriculture-related
measures will reduce annual emissions by

12.3-34.1 million tonnes CO2-eq (Table 1).
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Agricultural measures for carbon emissions

No reduction and carbon fixation
7 Reducing nitrogen surplus, promoting sealed storage of
biogas slurry, using nitrification inhibitors, and taking crop
variety improvement and management measures
2 Producing biogas by using livestock manure and straw,
and promoting sealed storage of biogas slurry
3 Developing organic agriculture and reducing
the use of chemical fertilisers
4 Improving animal welfare, developing livestock
housing which can reduce GHG emissions, advocating
precision feeding technology and reducing feed waste
5 Improving energy-saving technologies for agricultural
production and promote the use of renewable energies
6  Increasing soil organic carbon storage through measures such as
reducing cultivation, adopting no-tillage, planting catch crops,
developing organic agriculture and strengthening grassland protection
7 Promoting permanent grassland protection and formulating a grassland
strategy to ensure and strengthen the innovative management of grassland
&  Formulating peat soil protection policies and
reduction of the use of peat soil for gardening
9 Preservation and sustainable management
of forests and utilization of wood
70 Implementing the National Strategy for Food Waste Reduction and

Germany’s National Sustainable Development Strategy to increase
the supplies of climate-friendly and healthy food in public catering

Total

Table 1.

Note: Adapted from Klimakabinetr morgen: KlimaschutzmafSnahmen des Bundesagrarministeriums,

Estimated
emissions
reduction

(10,000 tonnes

CO2-¢eq per year)

190-750

200-240

40-120

30-100

90-150

100-300

300-850

300-790

1250-3300

by Federal Ministry of Food and Agriculture, retrieved from https://www.bmel.de/Shared-
Docs/Pressemitteilungen/2019/190919-Klimakabinett.html Copyright 2019 by BMEL.

4.

Science and technology
innovation support for
agricultural mitigation
of climate change

In 2015, the United Nations Climate
Change Conference (COP 21) reached the
Paris Agreement. In order to implement the
agreement and promote the reduction of
GHG emissions in the agricultural sector
and adapt to climate change, the BMEL
launched four research projects to encourage
industry-research cooperation, innovation
in practical and economical mitigation
and adaptation technologies, and promote
synergies between climate protection and
food security, climate change mitigation and
adaptation, climate protection and other

environmental protection.

The Directive on the promotion of innovation
in animal husbandry (BMEL, 2016a) aims
to improve and develop technical measures
to reduce emissions and adapt to various
production stages of livestock husbandry,
to formulate feed strategies and exploit the
potential of variety cultivation in addressing
climate change. Further, the directive targets
the sustainable and stable development
of livestock  husbandry, significantly
reducing emissions during its development
and enhancing the adaptation to climate
change. In terms of the mitigation of
GHG emissions, support measures include:
1) improving animal nutrition, optimising
feed management to reduce GHG emissions

and enhancing its input/output ratio;

2) enhancing animal breeding and reducing
methane emissions, such as reducing GHG
emissions by increasing feed digestibility or
increasing adaptive capacity; 3) improving
official management; 4) perfecting the
environmental conditions inside livestock
housing; 5) optimising manure management
in the farms (manure management in
houses and during storage and processing);
6) encouraging the implementation of new
technologies and knowledge transfer for
energy and nutrient recovery; 7) developing
an evaluation index system; etcetera (BMEL,

20164).

The Directive on the promotion of innovation
in crop production (BMEL, 2016b) aims to
significantly reduce GHG emissions in crop
production through the development of
emissions reduction and adaptation technol-
ogies, to increase crop resistance to biotic and
abiotic stress, and enhance climate change
adaptation. Support measures include: 1)
drawing up technical measures to reduce
NH3 and N2O emissions; 2) planting catch
crops specifically with roots and/or nitrate/
nitrogen leaching; 3) promoting agricultural
knowledge transfer and providing decision-
making  support, providing effective
GHG emission reduction programmes,
and improving the farmers management
capacity in terms of emissions reduction;
4) establishing an evaluation index system
for emissions reduction; 5) setting up an
effective market mechanism and incentive
system (BMEL, 2016b).

25


https://www.bmel.de/SharedDocs/Pressemitteilungen/2019/190919-Klimakabinett.html
https://www.bmel.de/SharedDocs/Pressemitteilungen/2019/190919-Klimakabinett.html

The Directive on the promotion of innovation
in the soil sector (BMEL, 2016¢) aims to
reduce GHG emissions and promote soil
carbon sinks through the development of
innovative soil management and fertili-
sation technologies as well as to maintain
soil productivity and improve adaptation
to climate change. Support measures
include: 1) optimising the application of
chemical fertilisers, such as reducing GHG
emissions in the industrial chain during
fertiliser transportation and application,
before, during and after application and
improving fertiliser use efficiency; 2)
reducing and eliminating soil compaction;
3) optimising biotic and abiotic soil
characteristics to reduce GHG emissions;
4) identifying, protecting and promoting
soil carbon sinks, developing optimised
management technologies to protect and
enhance soil organic matter for an extended
period, monitoring carbon content, and
analysing organic carbon reserves and
changes under different management
options (BMEL, 2016¢).

The Measures to reduce greenhouse gas
emissions in the area of raw material plant
production for material and energy use
(BMEL, 2016d) aims to reduce GHG
emissions in the production of renewable
raw materials and energy crops through
technology research and development and
avoiding land-use changes caused by the

production of biomass raw materials.
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Support measures include: 1) Research
and development of technologies for the
production of renewable raw materials and
energy crops in different soil-climate zones,
including the selection of crops, design of crop
rotation systems, efficient use of inorganic
and organic fertilisers and other resources,
use of by-products, production of GHG
emissions and microbial processes for carbon
storage, and investigation and analysis of
farmland management measures and crucial
technologies on reducing GHG emissions;
2) adopting comprehensive measures for the
production of renewable raw materials to
protect soils with high organic carbon content
(such as permanent grasslands and swamps
after flooding); 3) evaluation and promotion
of emission reduction technology and
measures, including analysis and optimisation
of the overall economic and environmental
efficiency, models and calculation methods
of GHG emission reduction measures, and
consideration of these measures’ impacts on
other resources (such as water and biodi-
versity), contributions to climate protection,
suggestions and consultation on GHG

emission measures (BMEL, 2016d).

5.
Good practices in agricultural
mitigation of climate change
Germany has explored a lot of good
practices in reducing GHG emissions in
livestock husbandry, manure management,
crop planting, and management, which
have been widely promoted and applied as

summarised in Table 2.

Emissions
reduction
measures

Reducing
animal CH4

emissions

Reduc-

ing GHG
emissions
from manure
management
and promot-
ing biogas
recycling

Reducing
N20
emissions
from
agricultural
soils

Protecting
wetland
grassland

Reducing
GHG
emissions by
changing the
consumption

methods

Best practice

Improving control over the environment of livestock housing, enhancing animal
welfare and health, and reducing the emissions of animal products per unit
Promoting low protein feed to reduce the N content in animal manure
Increasing the milk production and reducing methane emissions from cows
Ensuring that farms have adequate pastures, and reduce GHG

emissions during feed production and transportation

Encouraging manure anaerobic fermentation and biogas recovery

Storing animal manure outside the facility to reduce methane emissions

Covering liquid faeces to reduce CH4 and N2O emissions

Promoting the sealed storage of liquid faeces to reduce CH4 and NH3 emissions
Reducing the solid content of liquid faeces to reduce CH4 emissions

Increasing the nitrogen content of biogas slurry and using it as a substitute for fertiliser
Reducing ammonia emissions by using acidified manure

Carrying out the deep application of biogas slurry fertiliser or

covering it after fertilisation to reduce N2O and NH3 emissions

Calculating fertiliser application based on soil and

historical yield to reduce nitrogen surplus in the soil

Applying slow release fertilisers and adding nitrification inhibitors
into fertilisers in order to improve their utilisation efficiency
Promoting tillage after surface fertiliser application or

deep fertiliser application to reduce nitrogen loss

Avoiding fertilisation in autumn and winter and

improving the nitrogen fertiliser utilisation rate

Reduction of cultivation, introduction of no-tillage and promotion
of strip farming and crop cover in order to reduce soil erosion
Increasing soil carbon storage through crop rotation,

planting catch crops and applying green manure

Enhancing the large-scale utilisation of crop straws to increase soil organic carbon storage
Planting legumes and reducing the application of nitrogen fertilisers
Promoting organic agriculture, cutting down nitrogen fertiliser
application and increasing soil organic carbon storage

Avoiding wetland drainage, protecting and restoring wetlands, and reducing soil CO2 emissions
Prohibition of recultivation of grassland as farmland and

increase of organic carbon storage in the soil

Reducing the use of peat soil as a horticultural substrate

Purchasing food based on the intake of animal products
recommended by the German Nutrition Society
Encouraging dietary changes, climate protection,

and reducing the consumption of animal products
Reduction of food waste

Reduction of the consumption of bottled water
Controlling air cargo

Exploring climate labels

Table 2. Best practices in agricultural mitigation of climate change
Note: Adapted from Scientific Advisory Board on Agricultural Policy, Food and Consumer Health Protection &
Scientific Advisory Board on Forest Policy, 2016; Naumann & Frelih-Larsen, 2010; BMUB, 2017; Yi et al., 2018



6.

Comparison of Chinese and
German agricultural emission
reduction policies and

some suggestions

Through exchange, we believe that German
agricultural policies and technologies in
response to climate change have played
a vital role in reducing carbon dioxide
emissions, mitigating and adapting to
climate change, and thus can be helpful for
China.

Germany has formulated a series of policies
and measures for tackling climate change
in the agriculture sector, set the targets
for reducing national net GHG emissions
by 2020, 2030, and 2050 by 40%, 55%,
and 100% respectively in comparison to
1990 levels, proposed policy measures,
emission reduction targets and potential
for each specific measure to reduce GHG
emissions (BMUB, 2014, 2016; BMEL,
2019), and also put forward medium and
long-term emission reduction targets in
the form of legislation. China’s National
Climate Change Programme (National
Development and Reform Commission
[NRDC], 2007), released in 2007, is
China’s first policy to address climate
change, including agricultural mitigation

and adaptation measures.

LTy
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China’s 12th Five-Year Plan (National People’s
Congress [NPC], 2011) and 13th Five-Year
Plan (NPC, 2016) for controlling GHG
emissions, and the report Enbanced Actions on
Climate Change: China’s Intended Nationally
Determined Contributions, submitted to the
United Nations by China (NDRC, 2015),
have proposed different GHG control targets
at different times. CO2 emission intensity in
2020 and 2030 is to be reduced by 40-45%
and 60-65% respectively in comparison to
2005. In these policy documents, guidelines
and relevant targets for reducing GHG
emissions in the agriculture sector are also
explicitly stipulated. The determination and
efforts of China and Germany in combating
climate change are clearly reflected in the
integrity, coherence and operability of the

above-mentioned policy measures.

In the Climate Protection Programme 2030
issued by the German government, the
principle of adopting measures to reduce
GHG emissions in the agriculture sector
(BMU, 2019b) is proposed, that is, without
restricting  agricultural competition or
reducing  agricultural  competitiveness,
creating synergies between mitigation and
adaptation strategies, improving resource
utilisation and meeting the goals of other
policiesand measures. Chinaisacountry with
a large population, minimal cultivated land
and water resources, and a fragile ecosystem.
Ensuring food security, eliminating poverty,
protecting the environment, and promoting
sustainable agricultural development are top

priorities for China.

All  emission reduction policies and

measures formulated and implemented
by the government should increase food
production capacity, the farmers’ income,
enhance the farmers’ adaptive capacity,
and improve the utilisation efficiency
of pesticides, fertilisers, and irrigation
water while reducing agricultural GHG
emissions and promoting agricultural soil
carbon sinks. Also, the agricultural sector’s
principles for combating climate change
in both countries are consistent, and
both strive to reduce agricultural GHG
emissions on the premise of promoting
sustainable agricultural development and

ensuring the interests of farmers.
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At present, China has issued policy
documents such as the Opinions of the
General Office of the State Council on
Accelerating the Resource Utilization of
Livestock and Poultry Manure and the
Opinions of the General Office of the State
Council on Innovative System Mechanisms
to Promote the Green Development of
Agriculture to carry out particular actions
such as zero growth in the consumption
of chemical fertilisers and pesticides, and
the utilisation of livestock and poultry
manure resources, which have contributed
to treating agricultural non-point source
pollution, while some GHG emission
reduction policies can also increase the
farmers’ savings and income. However,
some emission reduction measures may
require increased investments, such as
the use of highly efficient fertilisers and
returning straw to the field. The Chinese
government should continue to strengthen
the existing policy support and explore
the formulation of regulations on the
limited use of fertilisers, the application
of high-efficiency and low-emission
fertilisers, the utilisation of low-emission
fertilisation technology, and the recycling
of agricultural waste such as crop straw and
livestock manure; further, relevant policies
for consumers on climate change should
be explored and China’s agricultural
climate mitigation strategies to promote
green agricultural development should be

formulated.
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In the past 30 years, China has researched
controlling CHg4 emissions from paddy
fields, N2O emissions from cropland,
strengthening the prevention and control
of grassland disasters and farmland
conservation, and improving soil carbon
storage capacity. However, there are still
some deficiencies in fundamental and
applied research. China should continue
to systematically review technical measures
and introduce advanced technologies and
practices to reduce GHG emissions and
increase carbon sequestration in soil,
carry out demonstrations, clarify technical
measures and best practices for emission
reduction applicable to different planting
systems and climate zones, formulate
technical  regulations for  emission
reduction, explore carbon labelling for
agricultural products grown in modern
agricultural demonstration zones and
projects, enhance consumers’ awareness of
their contribution to climate change and
climate change mitigation, and improve
climate change mitigation technologies,
knowledge dissemination, and science

popularisation.
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I.

Introduction

The Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change (IPCC)
reported that global greenhouse gas (GHG)
emissions in 2010 were 49 * 4.5 billion tonnes of
carbon dioxide equivalent (CO2-eq), of which
methane (CH4) and nitrous oxide (N20)
emissions accounted for 16% (7.8 + 1.6 billion
tonnes COz2-eq) and 6.2% (3.1x 1.9 billion
tonnes COz2-eq) respectively of total GHG
emissions. Agriculture is the primary source of
CH4 and N20 emissions, and those from crop
cultivation and the livestock sector (CH4 and
N20) account for about 10-12% of total global
GHG emissions (Smith et al., 2014). China's
total GHG emissions in 2014 were 12.3 billion
tonnes COz2-eq, with agricultural production
activities being a significant contributor to
these GHG emissions. Agricultural GHG

emissions accounted for 6.7% of total

emissions, with 41.5% and 59.5% respec-
tively of China's total CH4 and N20
emissions (People’s Republic of China
[PRC], 2018). China attaches immense
importance to combating  climate
change and has therefore introduced and
implemented a number of policies and
measures to reduce GHG emissions and
integrated mitigation policies into the
12th Five-Year Plan (2011-2015) and 13th
Five-Year Plan (2016-2020) for National
Economic and Social Development. In
2009 and 2015, China made commit-
ments on GHG control targets for 2020
and 2030. The agricultural sector has also
formulated relevant measures to control
agricultural non-point source pollution
and GHG emissions and to promote the

green development of agriculture.
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2.
China's agricultural production
status and GHG emissions

2.1

China's agricultural production status
During 1980-2018, China’s total grain
production increased significantly by 105%. In
particular, rice (52%), wheat (138%) and maize
(311%) showed remarkable increases. Between
1982 and 2018, meat and milk production
increased by 4.4 and 26 times respectively and
egg production 10.2 times (National Bureau
of Statistics of China [NBS], 1985, 2019). The
rapid development of China’s agricultural
production is closely related to high input
use. In 2018, China's chemical fertilisers
consumption was 5653 million tonnes
(equivalent to pure quantity), of which 20.65
million tonnes were nitrogen fertilisers and
22.69 million tonnes compound fertilisers.
In China, the application of nitrogen and
phosphorus (P2Os) fertilisers increased by
57.4% and 102.5% respectively; the application
of potassium (K20) and compound fertilisers
increased by 6.6 and 11.6 times respectively
during 1986-2018 (NBS 1987, 2019). In 2017,
the amounts of nitrogen, phosphorus (P205)
and potassium (K20) application per unit
of cropland in China was much higher than
the global average. It was 3.1, 3.2 and 3.3 times
the world average and 1.8, 5.2 and 2.4 times
the average German application (Statistics
| Food and Agriculture Organization of the
United Nations [FAOSTAT], 2019). Due to
excessive fertilisation and the rapid develop-
ment of animal husbandry, water, air and soil
pollution are severe, and a large amount of
GHGs was emitted.
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2.2

GHG emissions from

agricultural activities

China has submitted five national inventories
to the secretariat of the United Nations
Framework Convention on Climate Change
(UNFCCC). Greenhouse gas emissions
are gradually increasing, but the growth
rate was decreasing in 2012-2014. Without
considering the carbon removal in Land Use,
Land-Use Change and Forestry (LULUCF),
China's total GHG emissions in 2014 were
12.3 billion tonnes CO2-eq. Agriculture is an
essential source of GHG emissions. GHG
emissions from the agricultural sector in
China for the years 1994, 2005, 2010, 2012 and
2014 accounted for 14.9%, 9.8%, 7.9%, 7.9%
and 6.7% of total national GHG emissions
respectively (Figure 1a). GHG emissions from
the agricultural sector (938 million tonnes
of CO2-eq) were highest in 2012 during
the period of 1994-2014 and were reduced
to 830 million tonnes of COz2-eq in 2014
(Fig. 1b). The reduction in GHG emissions
from agriculture in 2014 is mainly due tw
reduced livestock numbers. Fertilisation,
livestock breeding, rice cultivation, and
manure management are the main sources
of agricultural GHG emissions. In 2014,
the four emission sources (energy, industry,
agriculture, and waste) accounted for 43%,
26%, 20%, and 10% of total agricultural GHG
emissions respectively (PRC, 2018). Reducing
farmland fertilisation and increasing fertiliser
use efficiency, improving animal manage-
ment, and improving water and fertiliser
management of paddy field are the leading
measures to reduce GHG emissions from the

agricultural sector in China.
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Figure 1. 1. GHG emissions from different sectors in China,

a) composition of the GHG emissions in China;
b) composition of the GHG emissions from the agricultural sector in China.

Adapted from 7he People’s Republic of China Second Biennial Update Report on Climate
Change, by People’s Republic of China (PRC), 2018, retrieved from
http://english.mee.gov.cn/Resources/Reports/reports/201907/P020190702568751604320.pdf
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3.
Policies and measures to miti-
gate climate change in China

3.1
Climate change policies and
measures at the national level

In 2007, it was the first time that China
formulated China’s National Climate
Change Programme (National Develop-
ment and Reform Commission of
China [NDRC], 2007). Work plans on
greenhouse gas emission control were
issued in the 12t/ Five-Year Plan 2011 and
the 13th Five-Year Plan 2016. The National
Plan on Climate Change 2014-2020 was
issued in 2014 (NDRC, 2014). China
submitted  their  intended  nationally
determined contributions (INDCs) to the
UNFCCC in 2015 and committed to the
emission reduction targets for 2030 (Table
1; NDRC, 2015). In each of these policies,
mitigation actions in the agricultural sector
are important components. Significant
measures to mitigate climate change in
agriculture include 1) improving water and
fertiliser management and reducing CH4
emissions from rice paddies; 2) improving
fertilisation technology to reduce chemical
fertiliser use and N2O emissions from
cropland; 3) promoting the utilisation
of agricultural waste resources, reducing
GHG emissions and fossil fuel utilisation;

4) enhancing protection of cropland and
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grassland from degradation, and soil
organic carbon sequestration of farmland
and grassland; 5) encouraging energy-
saving agricultural and fishery machinery,
fishing boats, and reducing fossil fuel
consumption and CO2 emissions during
agricultural production; and 6) enhancing
research base and management techniques
for intensive livestock farming to develop
excellent ruminant breeds (Table 1).
The Opinions on Adopting Innovative
Systems and Mechanisms and Promoting
Green Agricultural Development not only
emphasise the comprehensive utilisation
of agricultural waste in the agricultural
production process, but also focus on
the green production of inputs, green
circulation of processing and distribution,
low consumption and low carbon emission
in marketing and packaging, and finally
highlight rational food consumption
(General Office of the CPC Central
Committee and General Office of the State
Council [CPCCC and State Council],
2017). This process promotes a low-carbon
recycling lifestyle, such as saving and

reducing food waste.
g

3.2

Policies and measures to

mitigate climate change in

the agricultural sector

In the past five years, a series of policies
and measures have been formulated for
agricultural non-point pollution control,
overall utilisation of agricultural waste, and
the improvement of cropland productivity.
The development goals and actions were
proposed simultaneously (Table 2). Actions
to reduce agricultural GHG emissions and
promote soil carbon storage include increa-
sing the quality of arable land, applying
scientific fertilisation and methods, and
promoting the comprehensive utilisation
of livestock, poultry waste and straw. The
implementation of these measures will
improve soil carbon storage and reduce
GHG emissions from the management of

cropland and livestock manure.

4.
Progress on the mitigation
of climate change

Since 2015, the Ministry of Agriculture
(renamed to the Ministry of Agriculture and
Rural Affairs in 2018) has been implemen-
ting zero growth measures for fertilisers
in accordance with central government
guidelines. Significant progress on the
reduction of fertilisation application has been
achieved. The efficiency of fertilisers was
significantly improved. In 2019, the nitrogen

use efficiency of chemical fertilisers for rice,

cornand wheat in China was 39.2%, showing
an increase of 4 percentage points compared
to the 2015 level. The main reasons for the
increase in fertiliser utilisation efficiency are:
1) chemical fertiliser reduction and efficiency
improvement have become critical practices
for promoting the green development of
agriculture in various regions; 2) the extension
of fertiliser-saving technologies. Soil testing
and formula fertilisation, fertigation, deep
application of fertiliser using machinery,
and organic fertiliser replacement have been
widely adopted. In 2019, the application
area of soil testing and formula fertilisation
technology in China was 129 million ha, and
the technical coverage rate reached 89.3%;
3) green and highly efficient products were
widely used. The application area of new
fertilisers such as slow released fertilisers
and water-soluble fertilisers reached 16.3
million ha, and organic fertiliser application
areas exceeded 36.7 million ha (Ministry
of Agriculture and Rural Affairs [MARA],
2019). According to the China Statistical
Yearbook 2019, fertiliser output in 2018
was 56.53 million tonnes (NBS, 2019), a
decrease of 2.06 million tonnes from 2017.
According to the estimates on CO2 emission
factors for nitrogen fertiliser production,
2.116 t CE/t N (Chen et al., 2015), the
zero-growth action on chemical fertilisers
reduced CO2 emissions from fertiliser

production by 11.7 million tonnes CO2-eq.
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Policies

China’s National
Climate Change

Programme *

‘Work Plan for the Control of
Greenhouse Gas Emissions
during the 12th Five-Year
Plan Period (2011-2015) ®

The National Plan on
Climate Change 2014-2020

was issued in 2014 €

Enhanced Actions on
Climate Change:

China’s Intended Nationally
Determined Contributions ¢

‘Work Plan for the Control

of Greenhouse Gas Emissions
during the 13th Five-Year
Plan Period (2016-2020) ¢

Opinions of the general
office of the state council
on accelerating the resource
utilization of livestock and

poultry breeding wastes

Opinions on Adopting
Innovative Systems and
Mechanisms and Promoting
Green Agricultural

Developments

Year
of issue

2007

2011

2014

2015

2016

2017

2017

Targets

20% reduction of energy con-
sumption per unit of GDP
(carbon intensity) by 2010
compared to 2005 levels

17% reduction in carbon intensity
by 2015 compared to 2010 levels

40-45% reduction in carbon intensity
by 2020 compared to 2005 levels

Reaching the peak of carbon dioxide emis-
sions around 2030 and efforts to reach the
peak early; reduction of CO2 emission in-
tensity by 60-65% compared to 2005 levels

Lowering carbon intensity by 18%
by 2020 compared to 2015 levels

Achieving a comprehensive utilisa-
tion rate of livestock and poultry ma-
nure of more than 75% by 2020

By 2020, total grain production capacity will
be stable at more than 550 million tonnes;
the quality of cultivated land will increase
nationwide by an average of 0.5 grades
compared to 2015; the use of fertilisers and
pesticides for major crops will achieve zero
growth, and the utilisation rate of fertilisers
and pesticides will reach 40%. The overall
utilisation rate of straw and animal waste will
reach 85% and 75% respectively. By 2030,
the utilisation rate of chemical fertilisers

and pesticides will continue to decline, and
agricultural waste will be fully recycled.

Measures

Selecting and breeding high-yield and low-emission varieties, improving water
and fertiliser management, and controlling farmland methane emissions® boce

Promoting soil testing and formula fertilisation, replacement of chemical fertiliser
with organic fertiliser, implementing zero growth of chemical fertiliser use, and
reducing nitrous oxide emissions from cropland »% <4 <¢

Developing energy-saving agricultural and fishing machinery, and fishing boats "<

Strengthening farmland conservation, promoting the return of straw to field and re-
duced tillage, improving soil quality, and increasing soil organic carbon storage %<8

Establishing a long-term mechanism for grassland ecological compensation, imple-
menting the return of grazing land to grassland, promoting grass-animal balance, curb-
ing grassland degradation, and enhancing grassland soil organic carbon storage > <4 <&

Researching and developing livestock breeding management technologies *

Establishing a circular agricultural system, promoting the comprehensive utilisation

of livestock waste and crop straw, and improving the mechanism for a comprehensive

recycling system for straw and animal waste <« fs

Carrying out pilot demonstrations of low-carbon agriculture projects ©¢

Establishing a mechanism for a green and low-carbon agricultural
production system, establishing a low-carbon, low-consumption,
circular, and efficient processing and distribution system ¢

Table 1. Policies and measures to address climate change in China
Note: Data retrieved from

a heep://www.china.com.cn/policy/txt/2007-06/04/content_8340931.htm (2007);
b http://www.gov.cn/zhengce/content/2012-01/13/content_1294.htm (2012);

¢ http://www.cec.org.cn/huanbao/xingyexinxi/qihoubianhua/2014-11-17/130019.html (2014);

d hetp://www.china.org.cn/china/Off_the_Wire/2015-06/30/content_35947874.htm;
e http://www.gov.cn/zhengce/content/2016-11/04/content_5128619.htm (2016);
f hetp://www.gov.cn/zhengce/content/2017-06/12/content_5201790.htm (2017);
g http://www.gov.cn/zhengce/2017-09/30/content_5228960.htm (2017).
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http://www.gov.cn/zhengce/content/2012-01/13/content_1294.htm
http://www.cec.org.cn/huanbao/xingyexinxi/qihoubianhua/2014-11-17/130019.html
http://www.china.org.cn/china/Off_the_Wire/2015-06/30/content_35947874.htm
http://www.gov.cn/zhengce/content/2016-11/04/content_5128619.htm
http://www.gov.cn/zhengce/content/2017-06/12/content_5201790.htm
http://www.gov.cn/zhengce/2017-09/30/content_5228960.htm

Policies

National Sustain-
able Agricultural
Development Plan
(2015-2030) *

Action Plan for
the Protection
and Improvement
of Cultivated
Land Quality ®

The Action Plan
for Zero Growth
in Fertilizer Use

by 2020 ¢

Guiding Opinions
on Formulation

of the Implemen-
tation Plan of
Comprehensive
Utilization of Straw
during the 13th

Five-Year Plan ¢

Action Plan for
the Utilization
of Livestock and
Poultry Waste
(2017-2020) °©

Year
of issue

2015

2015

2016

2016

2017

Targets and Actions

Improving the quality of cultivated land; by 2020, the basic
fertility of cultivated land across the country will improve
by o.5 grade a, b; the organic matter content of cultivat-

ed land in the country will increase by 0.2 percentage
points on average b; raising the country's cultivated land
foundation fertility by more than 1 level in 2030 %

Scientific and rational use of agricultural inputs to improve the in-
put use efficiency. By 2020, the coverage rate of national soil testing
and formula fertilisation practice will reach more than 90%, and the
utilisation rate of chemical fertilisers will be increased to 40% <
Striving to achieve a zero growth rate of fertiliser application a (in-
cluding a zero growth rate of fertiliser application for main crops °)

Improving the utilisation level of organic fertiliser resources.
By 2020, the rate of returning nutrients from livestock manure
and crop stalks to the field will reach more than 6o% "<
Improving fertilisation methods. Mechanical fertilisa-

tion accounts for more than 40% of the main crop area.

The fertigation area will reach 10 million ha ¢

Promoting the overall utilisation of livestock and poultry
waste; by 2020 and 2030, the overall utilisation rate of ma-
nure will reach 75% and 90% respectively. Almost all live-
stock and poultry waste from large farms is utilised *.

Promotion of straw utilisation as fertiliser, feed, energy and raw
materials. The overall straw utilisation rate will be over 85% by 2020

Determining the scale of livestock and poultry farms based

on land carrying capacity; accelerating the transformation and
upgrading of animal husbandry, precise management of large-
scale farms; developing 200 demonstration counties during
2016-2020 to promote comprehensive waste utilisation across the
country; building a circular development mechanism, promot-
ing energy production using livestock and poultry manure,

and applying biogas residues and sludge to the farmland.

Table 2. Policies and actions to mitigate climate change in the agricultural sector

Note: Data retrieved from a http://www.gov.cn/xinwen/2015-05/28/content_2869902.htm (2015);

b http://www.moa.gov.cn/nybgb/2015/shiyigi/201712/t20171219_6103894.htm (2015);

¢ http://www.moa.gov.cn/nybgb/2015/san/201711/t20171129_5923401.htm (2015);
d hetp://www.china-nengyuan.com/news/101942.html (2016);
e hetp://www.moa.gov.cn/nybgb/2017/dbg/201801/t20180103_6134011.htm (2017)

Pilot projects of straw utilisation have
been implemented in 100 counties of ten
provinces. The overall national utilisation
rate of straw reached 83%, and the overall
utilisation level was significantly improved
(Ministry of Ecology and Environment
[MEE], 2019). In 2018, the country's
straw utilisation amounted to 700 million
tonnes, of which 56.5% straw was returned
to the cropland, 23.3% straw was used as
livestock feed, and 15.2% straw was burned
as energy source. The area of straw returned
to cropland increased from 30 million ha in
2009 to 50 million ha in 2017 (ECYAM,
2011, 2019). Based on the carbon sequestra-
tion factor of the cropland soil for returning
straw to the field (0.44 Mg C/halyr),
calculated using data from long-term experi-
ments (Li et al., 2018), it is estimated that
soil organic carbon storage could increase by
80.6 million tonnes CO2-eq in 2017 due to
straw return to the field.

Since 2016, China has vigorously developed
biomass energy and promoted the transfor-
mation and upgrading of rural biogas
production. At the end of 2017, the number
of household biogas digesters was 40.58
million, of which 26.74 million household
biogas digesters were in operation. The
quantities of biogas produced by the
household biogas digesters amounted to

9.75 billion m?. Agricultural biogas plants

produced 2.15 billion m? of biogas. The total
number of biogas users was 28.61 million
(Table 3). Assuming that the thermal value
of biogas is 5,500 kcal/m3, biogas produced
using agricultural waste can replace nearly
9.35 million tonnes of standard coal each
year. Considering the reduction of CH4
emissions from lagoon treatment of manure
changed to anaerobic biogas digesters,
power generation through biogas instead
of fossil fuels, and according to calcula-
tion methods for different scale projects
of the Clean Development Mechanism
under the Kyoto Protocol (United Nations
Framework Convention on Climate Change
[UNFCCC], 2013, 2012, 2017) and
China's cases (Dong & Li, 2011, 2012; Li &
Dong, 2013), the greenhouse gas emission
reduction of household biogas digesters and
agricultural biogas plants in China was about
54 million tonnes CO2-eq. In addition, the
agricultural biogas plants treated 185.60
million tonnes of animal manure and 5.61
million tonnes of straw in 2017. 8.43
million tonnes of commercial biogas slurry
and biogas residues were produced. One
hundred and seventy-eight million tonnes
of biogas slurry and biogas residues were
directly returned to the cropland (4.63
million ha), effectively reducing the amount
of chemical fertilisation and increasing soil

organic carbon storage.
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Biogas projectcs Biogas

Households use of Electricity

(rooo projects) production (Mm?) biogas (1000 households) generation (MWh)

Very large 0.066 266.56
biogas plants

Large-scale 7,565 1206.91
biogas plants

Medi- 10516 381.89
um-scale

biogas plants

Small-scale 91.585 515.23

biogas plants

Household 26773.50 9757.95
biogas

digesters

Total - 11909.20

24.40 210510
641.20 482140
265.90 51500
926.20 7190

2677350 -

2860.68 75134

Table 3. Agricultural biogas plants, household biogas digesters and emission reduction
Note: : Adapted from National Rural Renewable Energy Statistics, 2017

s. Policy recommendations

s.I Reducing farmland

nitrogen surplus

Excessive fertilisation is severe in China.
From 2000 to 2016, the average N surplus
of farmland was 18.10-21.60 million tonnes
N per year (Liu, 2018). At 156-204 kg N/
halyr, the nitrogen surplus was well above
the target of the German Fertiliser Ordinance
for 2030, i.e. the annual nitrogen surplus of
arable land must not exceed 50 kg N/ha/yr
(Kuhn, 2017). It is reccommended that China

calculates the amount of organic nitrogen
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in manure and straw that is returned to
farmland, formulates a nutrient manage-
ment plan based on soil fertility and crop
yield potential in different regions, limits the
fertiliser application rate for each area and
each crop, increases nitrogen fertiliser utilisa-
tion, and reduces the farmland nitrogen
surplus, thereby reducing N2O and NH3
emissions from farmland and N losses such

as leaching and run-off.

5.2

Providing subsidies for measures
to reduce emissions and increase
carbon sequestration in soil

A large number of experiments have
proven that the application of controlled-
release fertilisers, fertilisers with nitrifi-
cation inhibitors, and deep application
of fertilisers can effectively reduce N20O
emissions from cropland. Returning straw
to the field and applying organic fertilisers
can significantly increase soil carbon
storage and reduce CO2 emissions from
fertiliser production. It is recommended
that the government formulate policies,
improve subsidy methods, and provide
subsidies to farmers taking action to
reduce emissions and increase carbon
sequestration in soil. This can encourage
farmers to participate in the fight against

climate change.

53
Development of monitoring
and evaluation tools

The Chinese government attaches great
importance to addressing climate change in
the agricultural sector. It has formulated and
implemented a series of policies and actions
to reduce emissions and increase carbon
sequestration. Accounting methods for
agricultural GHG emissions and assessment
tools for emission reduction were developed.
Unfortunately, there are no monitoring,

reporting and verification tools in China to

evaluate the progress of mitigation actions

and their effects. It is recommended that
China assess the impact of technologies on
emission reductions and develop monitoring,
reporting and verification guidelines for
individual or integrated technologies in order
to track the progress of emission reduction
measures and increase the transparency of
emission reduction effects in order to better

implement the Paris Agreement.
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5.4
Mitigation activities in the agricul-
tural sector should be a priority to
be included in the voluntary carbon
emission reduction market in China

Agricultural projects for GHG emission
reduction have the potential to reduce
water, soil, and atmospheric pollution.
Some projects can simultaneously reduce
farmers' cost of inputs and increase
farmers' income. Agricultural soil fertility
enhancement projects can increase soil
productivity, soil health, and biodiversity.
Therefore, it is recommended that priority
be given to agricultural emission reduction
and soil carbon sequestration projects in the
voluntary carbon emission reduction market
to enable farmers to achieve environmental
benefits, which can also raise farmers'

awareness of climate change.

5.5
Improving GHG mitigation
measures for the processing,

storage, transport and consumption
of agricultural products

Currently, policies, measures and actions to
reduce emissions and increase soil organic
carbon are mainly focused on the agricul-
tural production process. It is necessary to
formulate low-carbon, low-consumption,
circular, and efficient policiesand measures for
the systems of processing, storage, and distri-
bution of agricultural products. Reducing
post-harvest losses and food consumption
waste are also important ways to reduce
GHG emissions. It is recommended that
specific measures be taken to reduce losses
during harvesting, grain purchasing, storage,
transport, processing and consumption, and

to promote the resource use of food waste.
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I.

Nitrogen use efficiency and
GHG emissions from livestock
production - relevance

The current agricultural practice contributes
significantly to environmental damage,
resulting in adverse effects on health
and health-related costs: air pollution,
particulate  matter  pollution, nitrates
in groundwater, climate change, loss of
biodiversity, and much more. The current
way of doing agriculture creates enormous
costs and health hazards, the burden of
which is, at present, externalised to society.
A large share of the deleterious effects of
agricultural activities on the environment
and health are due to high losses of
nutrients, ineficient nitrogen use efficiency,
and open material cycles.

For nearly a century, humankind has
caused unprecedented changes to the
nitrogen cycle by more than doubling the
transformation of non-reactive atmospheric
di-nitrogen (N,) into reactive nitrogen
(N,) forms, which cascade through the
environment (Galloway et al., 2003).
Already now, large parts of food, feed and
fibre production rely on mineral fertiliser
input with a substantial worldwide increase
in the demand for agricultural products
due to population growth, changes in
human diets and the need for renewable
materials. Agricultural production and
productivity must heavily increase to meet
this demand (Hunter et al., 2017; FAO,
2018b), opening up enormous business

opportunities for the agricultural industry.

At the same time, the high N, input leads
to high N, losses to the environment and
the environmental and health burdens
associated with these losses. As a result
of human activities (Steffen et al., 2015),
N, is one of the three surpassed planetary
boundaries. Several thresholds for human
and ecosystems health have been exceeded
due to excess N, emitted to the environment
(Lelieveld et al., 2015; Pozzer et al., 2017;
EEA, 2017; Ward et al., 2018).

In contrast with many other pollutants,
nitrogen can change form and go a long way
once released into the environment. As it
moves through the biogeochemical pathways,
the same nitrogen atom can cause a sequence
of adverse effects. This phenomenon is called
nitrogen cascade (OECD, 2018). Nitrogen
management requires strategies that do not
result in unintended nitrogen impacts in
other areas (pollution swapping), and — if
possible - seize opportunities to reduce other
nitrogen impacts (synergy effects). There is an
urgent need for research to deliver strategies
for solving the nitrogen dilemma: secure high
N inputs required by the increased demand
for food, feed and fibre and at the same time
reduce N losses to the environment. Despite
the massive importance of solving this N
dilemma, N has received less attention than
climate change so far. Sustainable livestock
production must aim at low GHG and low

nitrogen emissions.

Agricultural production is currently at the
cusp of unimagined new opportunities.
Progress in technology, robotics, sensor
technology, digitisation, data science and
communication opens up highly promising
prospects. These novel technologies offer
high potentials for solving the dilemma
of increasing agricultural production
while decreasing environmental burdens.
Currently, nitrogen use efficiency (NUE)
is only about 20%, with the remaining
80% contributing to pollution problems

(Sutton et al., 2013).

The factors that lead to low NUE in the
agri-food chain include:

1) lack of market-ready precision farming
technologies that increase productivity
while reducing N losses, 2) lack of
adoption of best management practices of
already existing technologies, associated
with a lack of a holistic perspective that
integrates the different aspects of N,
management practices, 3) human choices
for unbalanced diets, especially with too
much livestock protein and excessive food
waste across the developed world, and
4) the lack of comprehensive and easy to
use guidelines in all domains of human N,
management. Therefore, a key strategy to
mitigating N, losses to the environment
is to focus on improving and maximising

NUE at multiple levels.
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2.

Nitrogen use q}ﬁciency
and GHG emissions from
livestock production —
options for improvement

Livestock feeding.

Ammonia emissions result from the
degradation of urea by the ubiquitary enzyme
urease, which results in NH," formation.
Urea is mainly excreted in the urine and is
much more prone to ammonia losses than
organic nitrogen excreted in the faeces. N,O
emissions from manure directly correlate
with N excretion. Crude protein content
and composition in the animal diet is the
primary driver of urine excretion. Excess
crude protein is excreted and can be lost in
the manure management chain. Adaptation
of crude protein in the diet to the animals’
needs is, therefore, the first and most efficient

measure to mitigate nitrogen emissions.

Livestock housing.

Mitigation options for livestock housing
can be grouped into the following types: (i)
Floor based systems and related management
techniques (including scrapers and cleaning
robots); (i) Litter based systems (use of
alternative organic material); (i) Slurry
management techniques at pit level; (iv) Indoor
climate control techniques; (v) End-of-pipe
techniques (hybrid ventilation + air-cleaning
techniques). There are several pathways to
optimise existing and develop new mitigation
techniques. Emission reduction techniques
at animal housing level should aim to affect

one or more of the following critical factors
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or driving forces of the emission processes:

draining capacity of the floor for direct
transportation of urine to the manure storage;
residence time of open urine/manure sources;
emitting surface area of open urine/manure
sources; urease activity in urine puddles; urine/
manure pH and temperature; indoor air
temperature; air velocities at emitting surfaces
(urine puddles and manure surface in the
pit); air exchange between pit headspace and

indoor air; exhaust of indoor air.

Manure storage and processing.

Sustainable agriculture must aim at
optimal use of manure nutrients. Nutrients
may be lost via nitrate leaching and via
gaseous emissions (NH;, N,O, NO,, N,).
Besides nutrient losses, methane emissions
to the atmosphere must be reduced as far
as possible. Slurry composition is not ideal
with regard to fertiliser properties and low
emission handling. In particular, the high
dry matter and carbon content pose several
problems during storage, and during and
after slurry application. Manure shall be
stored in outdoor, covered storage tanks.

Storage capacity depends upon the length

of the vegetation and must enable storage
up to the time when crops have nitrogen
demand. Slurry separation can be a useful
tool to reduce dry matter content and
increase the content of readily available
nitrogen in the manure. Anaerobic
digestion improves the fertiliser value of
manure and sharply decreases methane

emissions during slurry storage.

Manure application.

There has been considerable research
and development of slurry application
methods associated with lower ammonia
emissions. The use of trailing shoe and
injection technology can dramatically
reduce ammonia emissions and odour
and thus reduces indirect nitrous oxide
emissions. Slurry acidification as a means
of reducing ammonia emissions is also
very effective and in recent years has been
demonstrated to be a practical option with
significant implementation in Denmark.
Pre-processing, such as slurry separation,
may also improve the ability to use the slurry
nutrients more efficiently, but impacts on

N flows will depend on the subsequent

use of the liquid and solid fractions.
Rapid soil incorporation of manures by
tillage significantly reduces ammonia
emission. Nitrification inhibitors can
be used to reduce direct N,O emissions
and nitrate leaching associated with
manure application to land, but have
the potential to increase ammonia
emissions, and positive effects on yield
or crop N uptake are small if seen at all.
Anaerobic digestion of manures enhances
the proportion of readily available N in
the manure, which enhances crop N
uptake and reduces N leaching. However,
anaerobic digestion also results in higher
slurry pH, which may increase ammonia
volatilisation during storage and after
application. It is therefore essential to
store anaerobically digested slurry in
covered stores and apply it with low
trajectory technologies. NUE can be
maximised through the development of
a nutrient management plan including
fertiliser use depending on crop require-
ments, considering application rate,
timing and method according to local soil

and environmental conditions.
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3.

Summary of key publications
on nitrogen use efficiency
and GHG emissions from

livestock production

This summary includes the

following publications:
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Options for Ammonia Mitigation:
Guidance from the UNECE Task
Force on Reactive Nitrogen
Agriculture and Forestry, Water,
Ecosystems and Biodiversity.
Austrian Assessment Report,

Needs and Opportunities for
Adaptation and Mitigation
Evaluating the potential of
dietary crude protein manipu-
lation in reducing ammonia
emissions from cattle and pig
manure: A meta-analysis
Greenhouse Gas and Ammonia
Emissions from Different

Stages of Liquid Manure
Management Chains: Abatement
Options and Emission

Nutrient flows and associated
environmental impacts

in livestock supply chains:
Guidelines for assessment
Comparison of ammonia emissions
related to nitrogen use efficiency of
livestock production in Europe
The value of manure - Manure as

co-product in life cycle assessment

Bittman et al. (2014):
Options for Ammonia
Mitigation: Guidance from
the UNECE Task Force

on Reactive Nitrogen

The purpose of this document is to guide
the Parties to the Convention in identifying
ammonia (NH,) control measures for
reducing emissions from agricultural
sources, taking account of the whole
nitrogen cycle, and focusing on livestock
feeding strategies. 'This guidance will
facilitate the implementation of the basic
obligations of the Protocol mentioned in
chapter 3, as regards NH, emission, and
more specifically will contribute to the
effective implementation of the measures
listed in Annex IX, and to achieving the
national NH; emission ceilings listed in
Table 3 (amended version of December

2005).

The document addresses the abatement of
NH, emissions produced by agricultural
sources. Agriculture is the primary source
of NH,, chiefly from livestock excreta in
livestock housing, during manure storage,
processing, treatment and application
to land, and from excreta from animals
at pasture. Emissions also occur from
inorganic nitrogen (N) fertilisers following
their application to land and from crops
and crop residues, including grass silage.
Emissions can be reduced through

abatement measures in all the above areas.

The first version of the guidance document
(EB.AIR/1999/2) provided general guidance
on the abatement of NH, emissions. This
version was revised in 2007 (ECE/EB.AIR/
WG.5/2007/13). The current version is
further revised and addresses the provisions
in the proposal for revision of Annex IX
of the 1999 Protocol to Abate Acidification,
Eutrophication and  Ground-level Ozone
(Gothenburg Prorocol). Following a brief
introduction to livestock production and
development, this guidance document
follows the order of the provisions in the

proposal for revision of Annex IX.

This document groups strategies and
techniques for the abatement of NH,

emissions and N losses into three categories:

a. Category I strategies:
These are well researched, considered to
be practical, and there are quantitative
data on their abatement efficiency,

at least on the experimental scale.

b. Category 2 strategies:
These are promising, but research on
them is at present inadequate, or it
will always be difficult to quantify
their abatement efficiency. That does
not mean that they cannot be used as
part of an NH3 abatement strategy,

depending on local circumstances.

c.  Category 3 strategies:
These are ineffective or are likely to
be excluded on practical grounds.

Based on the available research, Category 1
techniques can be considered as already
verified for use in abatement strategies.
Category 2 and Category 3 techniques
may also be used in abatement strategies.
However, for these categories, independent
verification should be provided by Parties
using them in order to demonstrate the
reductions in NH, emissions that they
report. It should be noted that the cost of
a technique is not part of the definition of
these categories. If a particular technique
is well researched and effective, it may be
classed as category 1. Information on costs is
provided to support decisions on the use of

the techniques.

Separate guidance has also been prepared
under the Integrated pollution prevention
and control (IPPC) Directive to reduce a
range of polluting emissions from large pig
and poultry units. The Reference Document
on Best Available Techniques (BAT) for
Intensive Rearing of Poultry and Pigs, the
BREF (BAT reference) document, may
be found at http://eippcb.jrc.es/reference/
irpp.html. There is an only partial overlap
between the BATs and the present
guidance document, since they have only
been defined for the pig and poultry
sectors, and have not been defined for
cattle, sheep or other livestock, nor the

land application of manure or fertilisers.
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Options for NH; reduction at the various
stages of livestock manure production and
handling are interdependent, and combina-
tions of measures are not merely additive
in terms of their combined emission
reduction. Controlling emissions from
applications of manures to land is particu-
larly important, because these are generally
a significant component of total livestock
emissions and because the land application is
the last stage of manure handling. Without
abatement at this stage, much of the benefit
of abating during housing and storage may
be lost. Because of this interdependency,
Parties should as far as possible exploit
models with an assessed overall mass-flow of
ammonia nitrogen, such as GAINS, in order

to optimise their abatement strategies.

The costs of the techniques will vary from
country to country. Due to economies of
scale, some of the abatement techniques may
be more cost-effective on large farms than on
small farms, which is particularly the case when
an abatement technique requires the purchase
of capital equipment, e.g., reduced-emission
slurry applicators. In such cases, the unit costs
increase as the volumes of manure decrease.
A higher cost burden for smaller farms may
also be the case for immediate incorporation
of manures. Both for slurry application and
manure incorporation, the costs for small farms
will often be reduced by hiring a contractor

with access to suitable equipment.
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Many measures may incur both capital

and annual costs. In addition to theoretical
calculations based on capital and operating
expenditure, actual data on costs (e.g., as
charged by contractors) should be used where
available. In addition to calculating the direct
costs, the benefits of measures should be
calculated as far as possible. In many cases, the
benefits to the farmer (e.g., reduced mineral
fertiliser need, improved agronomic flexibility,
reduced emissions of other pollutants, fewer
complaints due to odour) will outweigh the
costs. A summary of the main interacting
factors affecting net costs and benefits of

ammonia mitigation has been provided in the

Informal note from the Task Force on
Reactive Nitrogen (No. 11) to the 46th Session
of the Working Group on Strategies and
Review. Comparison of the net cost to the
farmer (i.e., cost minus benefit) with other
environmental benefits (e.g., improved
air, water quality and soil quality, reduced
biodiversity loss, reduced perturbation
of climate) is beyond the scope of this

document.

Wherever possible, the techniques listed in
this document are clearly defined and assessed
against a ‘reference’ or unabated situation.
The ‘reference’ situation, against which
percentage emission reduction is calculated,
is defined at the beginning of each chapter.
In most cases, the ‘reference’ used to
construct baseline inventories is the most
commonly practised technique or design

presently found on commercial farms.
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The livestock sector is an essential contributor
to the global food and agricultural economy;,
accounting for 40% of the value of world
agricultural output and providing 10-15% of
total food calories and one-quarter of dietary
protein. In most of the developing country
regions, it is the fastest-growing segment of
the agricultural sector. The livestock sector
is increasingly expected to provide safe and
plentiful food and fibre for growing urban
populations, livelihoods for almost one
billion poor producers as well as global public
goods related to food security, environmental
sustainability and public health.

While livestock provides various useful
functions to society and the global demand
for dairy, meat and egg products is expected
to continually increase for the next decades,
there is also increasing pressure on (intensive)
livestock production systems to produce more
environmentally friendly. The livestock sector
is a major land user globally and has been
implicated for deforestation and biodiversity
loss. It is also the main user of freshwater,
mainly through animal feed production,
while freshwater resources become scarce
in some areas. Livestock production is the
primary source of atmospheric ammonia
(NH,) and the greenhouse gases methane
(CH,) and nitrous oxide (N,O). The
emissions mainly originate from the nitrogen
in the manure of animals. Emissions of NH,
from livestock production are related to the
type, number and genetic potential of the
animals, the feeding and management of the
animals, and to the technology of animal

housing and manure management.
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Livestock production systems can broadly
be classified in (i) grazing systems, (ii)
mixed systems and (iii) landless or industrial
systems. Grazing systems are entirely
land-based systems, with stocking rates less
than one livestock unit per ha. In mixed
systems, a significant part of the value of
production comes from other activities than
animal production while part of the animal
feed is often imported. Industrial systems
have stocking rates higher than ten livestock
units per ha, and they depend primarily on
external supplies of feed, energy and other
inputs. Less than 10% of the dry matter
fed to animals is produced on the farm.
Relevant indicators for livestock production
systems are animal density in animals per ha
(AU/ha) and kg milk/ha/year. A common
and useful indicator for the pressure on the
environment is the total N or P excretion of

the livestock per ha per year.

In each livestock category, a distinction can
be made between conventional and organic
farming. Further, there is often a distinction
between intensive and extensive systems,
which may coincide with the distinction
between conventional and organic farming,
but not necessarily. Intensive livestock
production systems are characterised by
a high output of meat, milk, and eggs
per unit of agricultural land and unit of
stock (i.e., livestock unit), which usually
coincides with a high stocking density per
unit of agricultural land. This is generally
achieved by high efficiency in converting

animal feed into animal products.

Because of their capacity to rapidly
respond to a growing demand, intensive
livestock production systems now account
for a dominant share of the global pork,
poultry meat and egg production (respec-
tively 56, 72 and 61%) and a significant

share of milk production.

Traditionally, most animal products
consumed by humans were produced
locally on the basis on locally produced
animal feeds. Increasingly, many animal
products consumed by humans in urban
areas are produced based on animal
feeds imported from elsewhere, which
holds especially true for pig and poultry
products. Thereby, areas of animal
feed production and pig and poultry
production become increasingly discon-
nected from the site of animal product
consumption. This disconnection has been
made possible through the development of
transport infrastructure and the relatively
low price of fossil energy; the shipment of
concentrated feed is cheap relative to other
production costs. Transportation of meat
and egg products has also become cheaper.
However, the uncoupling of animal feed
production from animal production has
significant consequences for the proper
disposal and management of animal

manure.

Increasingly, production chains are
organised and regionally clustered in order
to minimise production and delivery
costs. Animal feed is the primary input to
livestock production, followed by labour,
energy, water and services. Input costs vary
substantially from place to place within
countries as well as across continents.
Access to technology and know-how is
also unevenly distributed, as is the ability
to respond to changing environments
and to market changes. There are also
institutional and cultural patterns that
further affect production costs, access to
technologies and transaction costs. The
combination of these factors determines
that livestock production systems become

larger, specialised, and intensive.
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Livestock production systems are dynamic
systems because of continuous develop-
ments and changes in technology, markets,
transport and logistics. Such developments
lead to changes in livestock production
systems and its institutional organisation and
geographical locations. Increasingly, livestock
products become ‘global commodities’, and
livestock production systems are producing in
an ‘open’, highly competitive, global market.
These developments are facilitated by the
increasing demand for animal products
because of the increasing urban population
and the increasing consumption of animal
products per capita, although there are
substantial ~ regional and  continental
differences. The additional demand for
livestock products concentrates in urban
centres. With high rates of consumption,
rapid growth rates and a shift towards
animal-derived foods, urban centres increa-
singly drive the sector. The retail, processing
industry and suppliers of animal feed and
technology greatly influence the sector, while
the farmers, the livestock producers, become
increasingly dependent on the organisation

within the whole food chain.

The rapid developments in livestock
production systems have a strong effect
on the emissions of NH;, N,O and CH,
from these systems into the atmosphere
and the leaching of N to waters. Emission
abatement strategies have to take such
developments into account and should
anticipate them in order to make these

strategies effective and efficient.
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Management is commonly defined as
a coherent set of activities to achieve
objectives. This definition applies to
all sectors of the economy, including
agriculture. Nitrogen management can
be outlined as a coherent set of activities
related to nitrogen use in agriculture to
achieve agronomic and environmental/
ecological objectives. 'The agronomic
objectives relate to crop yield and quality
and animal performance. The environ-
mental/ecological objectives relate to
nitrogen losses from agriculture. Taking
account of the whole nitrogen cycle
emphasises the need to consider all aspects
of nitrogen cycling, also in NH, emissions
abatement, to be able to consider all
objectives in a balanced way and to

circumvent pollution swapping.

Nitrogen is a constituent of proteins (and
enzymes) and involved in photosynthesis,
eutrophication, acidification, and various
oxidation-reduction processes. Through
these processes, nitrogen changes in form
(compounds), reactivity and mobility.
Primary mobile forms are the gaseous forms
di-nitrogen (N,), ammonia (NH,), nitrogen
oxides (NO and NO,), nitrous oxide
(N,O) and the water-soluble forms nitrate
(NO;’), ammonium (NH,") and dissolved
organically bound nitrogen (DON).
In organic matter, most nitrogen is in the
form of amides, linked to organic carbon
(R-NH,). Because of the mobility in both
air and water, reactive nitrogen is also

called double mobile.

Depending on the type of farming systems, N management at farm level

involves a series of management activities in an integrated way, including:

Fertilisation of crops * Manure management, including
Crop growth and crop manure storage and application
residue management * Ammonia emissions

Growth of catch crops abatement measures
Grassland management * Nitrate leaching and runoff

Soil cultivation, abatement measures

drainage and irrigation ¢ Nitrous oxide emissions
Animal feeding abatement measures

Herd management, including ¢ Denitrification abatement
animal housing measures
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In order to be able to achieve high
crop and animal production with
minimal N losses, all activities have
to be considered in an integrated

and balanced way.

Nitrogen is essential for plant
growth. In crop production, it is
often the most limiting nutrient,
and therefore must be available
in sufficient amount and in a
plant-available form in the soil to
achieve optimum crop yields. To
avoid excess or untimely N applica-
tions, guidelines for site-specific
best nutrient management practices

should be adhered to, including:
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* Nutrient management planning and

record-keeping, for all essential nutrients

Calculation of the total N requirement
by the crop based on realistic estimates
of yield goals, N content in the crop and
N uptake efficiency by the crop

Estimation of the total N supply from

indigenous sources, using accredited

methods

- mineral N in the upper soil layers
at the planting stage (by a soil test)

- mineralisation of residues
from previous crops

- net mineralisation of soil organic
matter, including the residual effects
of livestock manures, applied over
several years and, on pastures,
droppings from grazing animals

- deposition of N from the atmosphere

- biological N, fixation by

leguminous plants

Computation of the needed N
appli-cation, taking account of the
N requirement of the crop and the
supply by indigenous N sources

¢ Calculation of the amount of nutrients

in livestock manure applications that
will become available for crop uptake.
The application rate of manure will

depend on

- he availability of livestock manure

- the demands for nitrogen, phosphorus
and potassium by the crops

- the immediately-available nitrogen,
phosphorus and potassium
content in the manure

- the rate of release of slowly-available
nutrients from the manure

- the nutrient sufficiently supplied
at the lowest application rate (to
ensure no nutrient is oversupplied)

- Estimation of the needed fertiliser N
and other nutrients, taking account
of the N requirement of the crop
and the supply of N by indigenous

sources and livestock manure

¢ Application of livestock manure and/

or N fertiliser shortly before the onset
of rapid crop growth, using methods
and techniques that prevent ammonia

emissions

Where possible, application of
N fertiliser in multiple portions
(split dressings) with in-crop

testing, where appropriate

Nitrogen management which takes account
of the whole nitrogen cycle aims atidentifying
measures for reducing all unwanted N
emissions, including NH, emissions,
cost-effectively, i.e., to a level where the
value of marginal damages to human health
and biodiversity is (approximately) equal
to the marginal cost of achieving further
reductions. Preferred measures for reducing
NH, emissions are those that decrease other
unwanted N emissions simultaneously
while maintaining or enhancing agricul-
tural productivity (measures with synergistic
effects). Conversely, measures aimed at
reducing NH, emissions, which increase
other unwanted emissions (antagonistic
effects) should be modified to such extent
that the antagonistic effects are nullified.
Similarly, abatement measures avoid to
increase other types of farm pollution (e.g.,
P losses, pathogens, soil erosion) or resource
use (e.g., fuel), reduce the quality of food
(e.g., increased antibiotics, hormones or
pesticides) or the health and welfare of farms

(e.g., by limiting barn size).

The effectiveness of nitrogen management
can be evaluated in terms of (i) decreases of
nitrogen losses, and (ii) increases of N use
efficiency. Nitrogen use efficiency (NUE)
indicators provide a measure for the amount
of N retained in crop or animal products,
relative to the amount of nitrogen applied or
supplied. Management has a large effect on

nitrogen use efficiency.
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Austrian Assessment Report 2014 (AAR14),
Eitzinger et al. (2014): Agriculture and Forestry,
Water, Ecosystems & Biodiversity. Austrian
Assessment Report, Volume 3, Needs and
Opportunities for Adaptation and Mitigation

Climate change represents a substantial
challenge for the management, use and
protection of terrestrial and aquatic
ecosystems as well as the sustainable
use of key water resources. Numerous
feedbacks exist between agriculture,
forestry, and water management sectors
as well as the conservation of ecosystems
and biodiversity. Almost all options to
reduce greenhouse gas (GHG) emissions
or to adapt to climate change in these
sectors also have other socioeconomic
or ecological consequences than the
intended ones. Such feedbacks can also
affect the GHG reduction potentials
of climate change mitigation measures.
One example is the GHG emission
reductions associated with a substitution
of bioenergy for fossil fuels, which are
substantially influenced by direct and
indirect systemic feedbacks in land use,
such as changes in forest areas that may

result from changes in cultivated areas.
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A multitude of options exists in the
agricultural sector to reduce GHG
emissions, in particular in ruminant
feeding, manure management, reduction
of nitrogen losses and increased nitrogen
efficiency. Increased production of agricul-
tural bioenergy can help to reduce GHG
emissions, especially when implemented
following an integrated optimisation of
food and energy production as well as
a cascadic use of biomass. Short-term
adaptation options include changes in soil
management such as mulching or reduced
tillage; selection of heat- or drought-tol-
erant breeds or cultivars; or changes in
the timing of sowing or soil management
measures; as well as improved crop rotation
schemes. Medium-term options include
improved irrigation infrastructures and
technologies; breeding of drought or
heat resistant cultivars; development of
monitoring systems for pests or infectious
diseases; increased storage capacities; and

other risk minimisation strategies.

Due to the high carbon stocks in forests,
the forestry sector is a crucial factor for
land-use related GHG mitigation strategies.
Forestry can contribute to climate change
mitigation through carbon sequestration as
well as through the provision of low-carbon
resources (e. g., materials, energy). Systemic
interdependencies between the forests
production and sequestration functions, as
well as its delivery of other ecosystem services,
need to be considered. Socioeconomic, as
well as ecological and climate effects, can
be improved through an integrated optimi-
sation of forest production and biomass use
cascades. For forestry, adaption to climate
change is a particular challenge due to the
long lifespan of trees and the long-term
legacies of forest management measures.
Changes in mean values of precipitation and
temperature, including their effects on forest
pathogens, as well as extreme events such as
drought or storms, need to be considered.

Few options exist to reduce GHG
emissions in water management. Adaption
to climate change can help to address a
multitude of challenges in that sector,
which is most efficient if based on

integrated, interdisciplinary concepts.

These include land-use changes in
watersheds; protection against low and
high water runoff in rivers; rubble and
sediment management; as well as measures
for drinking water supply and wastewater
treatment.

Climate change increases the pressures
on ecosystems and biodiversity, which
are already affected by a multitude of
factors such as land-use change or toxic
chemicals. Removal of migration barriers,
e.g., through the creation of a habitat
network, is a adaptation option. Many
nature conservation measures can also
help to increase carbon sequestration, e.
g., through the protection or restoration
of bogs and wetlands or a reduction of
land-use intensity in suitable forest or
wetland areas.

Demand-side options, e. g., changes in
food consumption or reductions of food
wastes, can help to reduce GHG emissions
substantially. In particular, a reduction of
the share of animal products in diets, as
well as an increased share of regional and
seasonal products as well as preferred use
of low-GHG products, can contribute to

demand-side related GHG mitigation.
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Sajeev et al. (2018):

Evaluating the potential of dietary crude protein
manipulation in reducing ammonia emissions
Jfrom cattle and pig manure: A meta-analysis

Dietary manipulation of animal diets by
reducing crude protein (CP) intake is
a strategic NH, abatement option as it
reduces the overall nitrogen input at the
very beginning of the manure management
chain. This study presents a comprehensive
meta-analysis of scientific literature on
NH, reductions following a reduction
of CP in cattle and pig diets. Results
indicate higher mean NH; reductions of
17 £ 6% per % point CP reduction for
cattle as compared to 11 £ 6% for pigs.
Varjability in NH, emission reduction
estimates reported for different manure
management stages and pig categories
did not indicate a significant influence.
Statistically significant relationships exist
between CP reduction, NH, emissions
and total ammoniacal nitrogen content
in manure for both pigs and cattle, with
cattle revealing higher NH, reductions

and a more evident trend in relationships.
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This is attributed to the greater attention
given to feed optimisation in pigs
relative to cattle and also due to the
specific  physiology of ruminants to
efficiently recycle nitrogen in situations
of low protein intake. The higher
NH,; reductions in cattle highlight the
opportunity to extend concepts of feed
optimisation from pigs and poultry to
cattle production systems to further
reduce NH, emissions from livestock
manure. The results presented help to
accurately quantify the effects of NH;
abatement following reduced CP levels
in animal diets distinguishing between
animal types and other physiological
factors. This accurate quantification is
useful in the development of emission
factors associated with reduced CP as an

NH, abatement option.

Sajeev et al. (2018):

Greenhouse Gas and Ammonia Emissions from
Different Stages of Liquid Manure Management Chains:
Abatement Options and Emission Interactions

Farm livestock manure is an essential
source of ammonia and greenhouse gases.
Concerns over the environmental impact
of emissions from manure management
have resulted in research efforts focusing
on emission abatement. However,
questions  regarding  the  successful
abatement of manure-related emissions
remain. This study uses a meta-analytical
approach comprising 89 peer-reviewed
studies to quantify emission reduction
potentials of abatement options for liquid
manure management chains from cattle
and pigs. Analyses of emission reductions
highlight the importance of accounting
for interactions between emissions. Only
three out of the eight abatement options
considered (frequent removal of manure,
anaerobic digesters, and manure acidifi-
cation) reduced ammonia (3—60%), nitrous
oxide (21-55%), and methane (29—74%)
emissions simultaneously, whereas in all

other cases, trade-offs were identified.

The results demonstrate that a shift from
single-stage emission abatement options
towards a whole-chain perspective is vital
in reducing overall emissions along the
manure management chain.

The study also identifies some key
elements like proper clustering, reporting
of influencing factors, and explicitly
describing assumptions associated with
abatement options that can reduce
variability in emission reduction estimates.
Prioritisation of abatement options
according to their functioning can help
to determine low-risk emission reduction
options, in particular options that alter
manure characteristics  (e.g., reduced
protein diets, anaerobic digestion, or slurry
acidification). These insights supported
by comprehensive emission measurement
studies can help improve the effectiveness
of emission abatement and harmonise
strategies aimed at reducing air pollution

and climate change simultaneously.
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FAO (2018): Nutrient flows

and associated environmental
impacts in livestock supply
chains: Guidelines for assessment

The methodology in these guidelines
aims to introduce an internationally
harmonised approach to assess the
potential environmental impacts associated
with nutrient use in livestock supply
chains while considering the different
nutrient flows in the various production
systems involved. These guidelines aim
to increase the understanding of nutrient
flows in livestock supply chains and
their impact assessment concerning
eutrophication and acidification. These
guidelines are a joint effort of the Livestock
Environmental Assessment and Performance
(LEAP) Partnership, a multi-stakeholder
initiative committed to improving the
environmental performance of livestock
supply chains while ensuring its economic
and social viability. LEAP builds up
consensus on comprehensive guidance
and methodology for understanding the
environmental performance of livestock
supply chains in order to shape evidence-
based policy measures and business

strategies.

74

Leip et al. (2019):

The value of manure -
Manure as co-product in
life cycle assessment

Livestock production is vital for food
security,  nutrition, and  landscape
maintenance, but it is associated with
several environmental impacts. In order
to assess the risk and benefits arising from
livestock  production, transparent and
robust indicators are required, such as
those offered by life cycle assessment. A
central question in such approaches is how
the environmental burden is allocated to
livestock products and to re-used manure for
agricultural production. In order to create
an incentive for its sustainable use, manure
should be considered as a co-product as long
as it is not disposed of, wasted, or applied
in excess of crop nutrient needs, in which
case it should be treated as waste. This paper
proposes a theoretical approach to define
nutrient requirements based on nutrient
response curves to economic and physical
optima and a pragmatic approach based on
crop nutrient yield adjusted for nutrient
losses to atmosphere and water. The
allocation of the environmental burden to
manure and other livestock products is then
based on the nutrient value from manure for
crop production using the price of fertiliser
nutrients. Leip et al. (2019) illustrate and
discuss the proposed method with two case

studies.

Groenestein et al. (2019): Comparison of

ammonia emissions related to nitrogen use
efficiency of livestock production in Europe

Both the increasing global demand for food
and the environmental effects of reactive
nitrogen losses in the food production chain
amplify the need for eflicient use of nitrogen
(N). Of all N harvested in agricultural plant
products, 80% is used to feed livestock.
Because the most significant atmospheric
loss of reactive nitrogen from livestock
production systems is ammonia (NH,),
the focus of this paper is on N lost as NH,
during the production of animal protein.
The focus of this paper is to understand the
key factors explaining differences in nitrogen
use efficiency (NUE) of animal production
among various European countries. Therefore
Groenestein et al. (2019) developed a
conceptual framework to describe the NUE
defined as the amount of animal-protein
N per N in feed and NH,N losses in the
production of milk, beef, pork, chicken meat
and eggs in The Netherlands, Switzerland,
the United Kingdom, Germany, Austria and
Denmark. The framework describes how
manure management and animal-related
parameters (feed, metabolism) relate to NH,
emissions and NUE.

The results illustrate that the animal product
with the lowest NUE has the largest NH,
emissions and vice versa, which agrees with
the reciprocal relationship between NUE and
NH, within the conceptual framework. Across
animal products for the countries considered,
about 20% of the N in feed is lost as NH,.

The significant smallest proportion (12%) of
NH,N per unit of N feed is from chicken
production. The proportions for other
products are 17%, 19%, 20% and 22% for
milk, pork, eggs and beef respectively. These
differences do not significantly vary due to the
differences among countries. For all countries,
NUE was lowest for beef and highest for
chicken. The production of 1kg N in beef
required about 5 kg N in feed, of which 1 kg N
was lost as NH;N. For the production of 1 kg N
in chicken meat, 2 kg N in feed was required,
and 0.2 kg was lost as NH,. The production
of 1 kg N in milk required 4 kg N in feed with
0.6 kg NH,N loss, the same as pork and eggs,
but those needed 3 and 3.5 kg N in feed per kg
N in product respectively. Except for beef, the
differences among these European countries
were mainly caused by differences in manure
management practices and their emission
factors rather than animal-related factors,
including feed and digestibility influencing
the excreted amount of ammoniacal N
(TAN). For beef, both aspects caused essential
differences. Based on the results, we encourage
the expression of N losses as per N in feed or
per N in the product in addition to per animal
place when comparing production efficiency
and NUE. We consider that disaggregating
emission factors into a diet/animal effect and
a manure management effect would improve
the basis for comparing national NH, emission

inventories.
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Abstract

With the rapid development of large-scale
livestock production in recent years,
manure production is large and concen-
trated, and the sustainable development of
livestock production has become a global
focus. The Chinese Ministry of Agriculture
and Rural Affairs (MARA) recommends
seven treatment and utilisation modes and
encourages the application of cost-effective
modes according to the resource and
environmental characteristics of different
regions. However, there are different views
on the selection of manure treatment and
application options, especially in sensitive
areas with limited land for manure (slurry)
recycling. This paper analyses the charac-
teristics and applicability of the main
approaches to livestock manure treatment
and utilisation in China. Subsequently, it
recommends establishing a mechanism of
integrated crop and livestock production
based on nutrient balance and the
strength of third-party services, and to
promote mechanisation and smart systems
for manure land application towards a
sustainable development of livestock

production in China.
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1.

Introduction

Livestock manure has been the primary
source of organic fertiliser in China's
agricultural production. However, with the
rapid development of large-scale livestock
production in recent years and as a result
of the large and concentrated amount of
manure, inhibited by seasonal restrictions,
inconvenient application and other factors,
many manure resources have become
significant sources of pollution, such as
odours and fine dust particles (PMz2.5)
(Menzi et al., 2010; Basset-Mens et al., 2007;
Steinfeld et al., 2010; Herrero & Thornton,
2013). Meanwhile, nitrogen in livestock
manure is discharged into the atmosphere
through ammonia (NH3), nitrous oxide
(N20), and nitrogen oxides (NOX), and
leached into the water through soluble
forms of nitrate. These emissions contribute
to the greenhouse effect, eutrophication,
acidification and loss of biodiversity (Guo et
al., 2010; Liu et al., 2011; Herrero et al., 2013;
Bai, 2015; Wei, 2016; Dangal et al., 2017).

In recent years, the Chinese government has
attached great importance to the resource
utilisation of livestock manure and proposed

a series of regulations and activities.

In 2017, the central government invested in
a county-wide project to recycle livestock
manure. Currently, $85 major livestock
counties in China have promoted livestock
manure recycling (General Office of the
State Council [GOSC], 2017). In addition,
the Ministry of Agriculture and Rural Affairs

(MARA) has also promoted a campaign
to replace chemical fertilisers with organic
fertilisers in 150 large fruit, vegetable, and tea
counties (Ministry of Agriculture [MOA],
2017b). In 2017, the overall utilisation rate of
livestock manure in China reached 70%.

However, there are still some challenges in
manure treatment and utilisation selection,
especially in sensitive areas with limited land
for manure (slurry) recycling, which will
result in severe nutrient losses. The objectives
of this study are: (1) to analyse the character-
istics and applicability of the main manure
treatment and utilisation modes in China,
(2) to clarify the critical issues and links of
treatment and utilisation of livestock manure
in China, (3) to put forward suggestions
for key problems, providing a reference for
the rapid scale development of livestock in

developing countries like China.

2.
Manure treatment model
of Chinese livestock farms

The Ministry of Agriculture and Rural
Affairs has summarised seven main modes
of manure treatment and utilisation in
China, including full manure collection and
land application, specialised biogas plants,
composting of solid manure, high-rise
manure fermentation  bedding, litter
recycling, wastewater fertilisation and up-to-

standard discharge of wastewater (Figure 1).

81



High -Rise Manure

Fermentation Bedding

Composting of \ 4 )
Solid Manure 3 ’

Specialized 2
Biogas Plants
o '\

I

Full Manure Collection
and Land Application

Figure 1.

Seven modes of manure treatment and utilisation.
Adapted from Action plan for the utilization of
livestock manure (2017-2020), by Ministry of
Agriculture of the People’s Republic of China,

July 7 2017, retrieved from
http://www.moa.gov.cn/nybgh/2017/dbq/201801/
t20180103_6134011.htm (in Chinese)

3.

Characteristics of standard
discharge and manure

land application

The treatment modes are generally divided
into two categories: in category one, the
requirements of fertiliser utilisation are achieved
through fermentation and composition of
manure; in category two, the requirements of
environmental discharge are achieved through
the advanced treatment of manure. Each
mode has its characteristics and must meet

and comply with the applicable conditions.
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3.1
Characteristics of

standard discharge

In the process of anaerobic and aerobic
treatment of liquid manure, most nitrogen
is converted to a form that cannot be reused
as fertiliser (N,) due to nitrification and
denitrification. Although N,, asa component
of the air, will not cause pollution to the
atmospheric environment, N, emissions into
the air do not produce recycling benefits,
which is a waste of resources to some extent.
At the same time, studies have shown that
during these processes, most of the carbon
in faeces and urine is also lost, thus reducing
the input of soil organic matter (Hou et al.,
2017). In the process of standard discharge
anaerobic treatment and aerobic treatment,
gas collection or transformation facilities
are equipped to collect nitrogen-containing
gas to achieve the purpose of nitrogenous

fertilisation and recycling.

3.2
Characteristics of

manure land application

The challenge of the ‘last kilometre’
regarding manure land application remains
to be solved. In the short term, there is no
comparative advantage between manure and
chemical fertiliser due to the low fertiliser
efficiency, slow effect, peculiar smell and
unstable nutrient content of manure. In
particular, the transport and application of
liquid manure is inconvenient, which results
in much lower competitiveness of liquid
manure compared to chemical fertilisers.
On the other hand, the separation of crop
and livestock production restricts the
utilisation of manure (slurry). At present, the
separation of crop and livestock production
is prevalent in China and other countries.
Solid waste is relatively easy to handle, while
liquid manure is the main problem for a large
part of landless farming. These farms can
only separate solid-liquid manure and then
deep-treat the separated liquid fraction to
irrigation water standard before application
in the field, which not only increases costs
but also leads to nutrient losses.

Besides, there are still some restricting factors
on the path of returning manure (slurry) to
the field, which mainly manifests in the slow
development of social service organisations,
such as the limited ability for effectively
connecting crop and livestock production
and its small quantity. Meanwhile, facilities
and equipment are not adapted to land
application, and there is no operation guide
for integrated crop and livestock production

in different regions and crops.

To promote manure land application, the

MARA has formulated relevant documents,
which firstly recommend controlling heavy
metals and the use of antibiotics from the feed
source (MOA, 2017¢; Ministry of Agriculture
and Rural Affairs [MARA], 2018). The
second recommendation is process control:
Aerobic composting and anaerobic fermen-
tation can significantly reduce the content
of antibiotics in the manure (Wang et al,,
2013; Yin et al.,, 2019a, 2019b). The third
is scientific use. Manure land application
should be carried out following the Technical
guide for measuring the land carrying capacity
of livestock and poultry manure issued by the
MARA (MOA, 2018).
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4

Suggestions
Jfor manure
utilisation

4.1
Determining the manure

treatment model based on

regional characteristics

The recycling use mode of livestock
manure should be chosen based on
local and natural features, agricultural
practices, and economic development
level. Through representative demons-
tration, a typical pattern of manure
treatment and utilisation with regional
characteristics took shape. At present,
China is still in traditional breeding
production. For small and medium-sized
farm households in concentration areas
with a low economic level and enough

land
should be the first choice to fully make

farmland, manure application
use of nitrogen, phosphorus and other
nutrients and organic matter resources in
the animal manure. This can improve the
physical and chemical properties of the
soil, increase its productivity, and thus
increase crop yields. For farms located
in the suburbs of some economically
developed cities without enough farmland
to absorb livestock manure, the standard
discharge mode can compensate for the
lack of land created by the manure land

application mode.
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4.2
Promoting integrated crop and
livestock production based on
nutrient balance management

The utilisation of livestock manure is a
green link connecting the two industries of
livestock and crop. The model of integrated
livestock and crop production for achieving
recycling has become a social consensus.
It is thus suggested to learn from the
comprehensive European and American
nutrient management plans to promote the
implementation of nutrient management
systems. According to the requirements of the
Technical guide for measuring the land carrying
capacity of livestock and poultry manure, the
livestock farms are required to be equipped
with sufficient farmland. Meanwhile, a
standing account for the utilisation of
livestock manure has been established. The
Ministry of Agriculture and Rural Affairs
(MARA) and the Ministry of Ecology and
Environment (MEE) jointly established a
service and supervision system based on
nutrient balance management to achieve
the three appropriate (the right amount, the
right application time and the right fertili-
sation method), which can improve the use
efficiency of manure and ensure the yield and

quality of crop and environmental safety.
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Strengthening third-party services and promoting mechanisation

and informatisation of manure land application

At present, the difficulty of the implemen-
tation of integrated crop and livestock
production based on nutrient balance is to
carry out the feasible mechanism, technology
and facilities. As an efficient organisational
model, third-party services have achieved
excellent results in some regions of China,
playing a decisive role in reducing non-point
source pollution and improving soil fertility.
In farming areas with suitable conditions
for recycling and dense regions of livestock
production, regional organisations for
livestock manure application services were
set up, and the government can conduct

guiding subsidies on transport vehicles,

fertilisation machinery, service fees, etcetera
to reduce the farmers' fertiliser costs. By
doing so, farmers can be free from heavy
manure application, which might increase
their enthusiasm for using livestock manure.
In order to improve the efficiency of manure
land application, it is necessary to study and
popularise the equipment for transportation
and land application of manure suitable for
different areas and types of fields. Through
carrying out the information management
of manure land application, the whole
process is recorded in order to ensure the
scientific and accurate utilisation amount of

manure.
i
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I.

Introduction

Climate change manifests itself both in
rising temperatures and in structural
changes in precipitation patterns and overall
water availability. The climate has already
changed in Europe and worldwide, and the
consequences are manifold effects in time
and space. The global annual near-surface
temperature has increased in recent decades
by almost1°C above pre-industrial levels. The
last decade has been the warmest on record
due to anthropogenic climate change. One
approach to describing these climate shifts
is the concept of climate analogues, which
compares the projected future climate of
a city with the current climate of another
city. For example, with unabated climate
change in 2071-2100, Berlin is likely to have
the climate of Zaragoza today. As a rule, one
can say that precipitation levels will increase
in Northern Europe and decrease in the
South. Another effect of climate change is
the increasing probability and intensity of
extreme weather events. Thus, such weather
extremes as the drought in Germany
and other European regions will be more

probable and last longer in the future.

The quantity and quality of crop production
depends on many factors, such as climate,
weather, specific location, farmer manage-
ment, available inputs and technologies
used. One technology that can increase
crop production without expanding
agricultural  land, hence decreasing
land-use change that has adverse effects on
the environment, is plant breeding. This
technology can have several benefits for
food security, in particular by increasing
the yield potential and improving the
quality and bioavailability of crops.

In this article, I first provide an overview
of the effects of climate change impacts
already observed and predicted in Germany
and Europe (Chapter 2)." Then, I look at
how plant breeding can help to adapt crop
production to these changes and thus
stabilise or increase food security (Chapter
3). The article closes with a conclusion and

policy recommendations (Chapter 4).

1 Please note that this part of the article

is based on Liittringhaus et al. (2019).
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2.
Climate change impacts on
crop production in Europe

The global annual near-surface (land and
ocean) temperature has increased by about
0.9°C in the decade from 2008 to 2017
compared to pre-industrial levels in the
mid-19th to early 20th century (NASA’s
Goddard Institute for Space Studies
[NASA/GISS], 2019). In the same period,
land temperatures in Europe increased
by 1.6 to 1.7°C (European Environment
Agency [EEA], 2018). Along with rising
temperatures, climate change increases
the probability of occurrence and the
intensity of extreme weather events
such as droughts and floods (Otto et al.,
2012, 2018). In particular, high-tempera-
ture climate-related extremes such as
heatwaves have become more frequent and
intense (EEA, 2017a; Kovats et al., 2014).
However, due to changes in global climate
circulation patterns (e.g., blocked weather
conditions due to a slower jet stream),
low-temperature extremes may also occur
more frequently and for longer periods
(Kornhuber et al., 2017; Rahmstorf &
Coumou, 2011; Kretschmer et al., 2018;

Pfleiderer et al., 2019).

Precipitation patterns have also changed
due to climate change. These effects are
very heterogeneous across space (EEA,
2017a). For Europe, these are the most

striking points:
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e Annual precipitation levels in
Northern Europe have increased by
up to 70 mm per decade since the
1960s as winters have become wetter
and summer rains have also increased
by up to 18 mm per decade

¢ Incontrast, annual precipitation levels
in Southern Europe have decreased
by up to 9o mm per decade. In this
region, the mean precipitation during
the summer months has decreased by

up to 20 mm per decade

In addition, it is predicted that climate
change will continue without effective
measures to reduce emissions and that the
changes already observed would continue.
Figure 1 gives an overview of how annual
temperatures and precipitation patterns
will most likely change in Europe. It
shows the projected changes for the years
from 2071 to 2100, compared with the

period one hundred years earlier®.

2 These projections are a model ensemble:
they represent the mean value of several
models under a high emission scenario, using
the so-called Representative Concentration
Pathway (RCP) 8.5 high emissions scenario.
This scenario projects an increase in global
mean temperature of 1.4 to 2.6°C (mean 2.0°C)

between 2046 and 2065 (see EEA, 2015).

€ 1

Figure 1.

Projected changes in annual mean temperature (left) and annual precipitation (right)
for 2071-2100 (assuming RCP8.5) compared to 1971-2000.

Reprinted from European Environment Agency (EEA), 2015, retrieved from
https://www.eea.europa.ecu/data-and-maps/figures/projected-change-in-annual-mean

Copyright 2015 by European Environment Agency.

It is clear that the annual mean temperature
will rise everywhere in Europe; and as far as
precipitation is concerned, the rule of thumb
is that the North will become wetter and the
South drier. In general, longer dry periods
are projected in Europe, too (EEA, 2017b).
Heat waves will particularly impact Southern

Europe, increasing the likelihood of systemic

failures, as multiple sectors will be affected
(e.g., health and agriculture). Thus, economic
activity will be more adversely impacted in
these regions than in other parts of Europe.
Furthermore, there is great confidence
in model projections that the decline in
all ecosystem services will be particularly

pronounced in Southern Europe.
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Considering the above-mentioned wide
range of changes, it is evident that climate
change has significant repercussions on
agriculture. Figure 2 illustrates the effects
of climate change on crop yields by 2080
compared to the period from 1961-1990
and shows their heterogeneity within
Europe. It compares two climate simulation
models that drive a crop model. The crop
model forecasts yield increases in the green
shaded areas, while red and orange coloured
areas symbolise expected yield declines.?
Depending on the climate model®, yield
declines are projected to be very high in
the far West of the continent, the Iberian
Peninsula, Italy, and the Balkans, whereas
yield increases are forecasted mainly for
Scandinavia and some parts of Central and

Eastern Europe.

In the following, I will explain the impacts
of climate change on agricultural crop
production systems according to their
practical relevance for farmers and other

sectoral stakeholders.

3 For a more detailed view on how projected
wheat yields under climate change vary
between different combinations of specific
climate and crop models, please see
chapter 4 of Liittringhaus et al. (2019).

4 Depending on the climate model used,
climate change and subsequent impact
findings may differ. See also chapter 4 in
Liittringhaus et al. (2019), which provides

insights concerning this still given ‘uncertainty’.
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2.1

Growing season length, crop life

cycle timing and habitat shift

An important aspect that has already
been — and will continue to be — altered
by climate change is the length of the
growing season, which is a limiting factor
especially in Northern Europe. Recent
developments show that the thermal
growing season of crops is expanding
with rising temperatures and fewer frost
days due to global warming. Since 1992,
this period has increased by more than
ten days, with the delay of the senescence
being more pronounced than the advance
of its onset (Jeong et al., 2011). This
expansion will continue, and by 2050, the
date of the last spring frost is projected to
have advanced by s to 10 days (Trnka et
al., 2011). This so-called spring advance
is more present in parts of Northern and
Eastern Europe. Olesen et al. (2007)
predict that net primary plant production
may steeply increase by 35-54% in Europe’s
Northern regions due to a longer vegeta-
tive period (and also due to higher CO2

concentration).

A change in the growing season modifies
the phenology of the plants, i.e. the timing
of the crops’ life cycle, which is shown, for
example, by earlier flowering dates. During
the past 50 years, the flowering of several
crops has advanced by about ten days
(EEA, 20172). This development is counter-
acted, however, by an earlier maturation

of crops due to increased temperatures.
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Figure 2. Simulated crop yield changes by 2080.

Reprinted from Climate change, impacts and vulnerability in Europe 2016: An indicator-based report,
by European Environment Agency (EEA), 2017. Copyright 2016 by European Environment Agency.

Thus, the growth phases (e.g., the grain-filling
phase) are shortened, and possible yield-en-
hancing effects of earlier planting dates are
jeopardised. This results in lower biomass
production and/or harvest indices (EEA,
2017a). To take advantage of the potential
benefits of these changes, farmers could grow
other crops or varieties with higher thermal
requirements or postpone planting dates to

create longer growth periods overall.

Another adverse effect of climate change
on plant growth and health is the higher
probability of extreme weather events,
especially during critical growing stages
of a crop such as the flowering stage. This
trend is expected to continue particularly
in Central and Southern Europe (see e.g.,
Powell & Reinhard, 2016; Rahmstorf &
Coumou, 2011; Rosenzweig et al., 2001;

Rétter & van de Geijn, 1999).
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Another aspect of climate change is the
so-called habitat shift or habitat expansion
of crops. This means that warmer tempera-
tures and fewer frost days will allow
thermophile crops to expand northwards
or to higher altitudes. For example,
farmers can grow maize in northern parts
of Europe, where the growing period is
currently too short and temperatures are
too low for these thermophilic crops. A
similar agronomic change induced by
climate change is that, for instance, farmers
in parts of Southern Europe can shift some
of their cultivation activities into the winter
months to avoid heat waves and droughts in
summer (EEA, 2017a). In other European
regions, however, such as western France
and parts of South-Eastern Europe, this
shift will be difficult because the time
horizon in which plants can be optimally
planted is more limited. In consequence,
these regions’ vulnerability is predicted to
increase. Moreover, the negative effects of
climate change cannot be overcome by this
adaptation option if farmers grow two crops

per year on one field.

These phenomena are also observed in pests
and diseases, which in turn has enormous
repercussions on the interaction between
crops and on pests and diseases. Studies
suggest that the regional composition,
distribution, density, phenology, and plant
structure (e.g., the increasing plant height)
of damaging weeds will change significantly
due to climate change (McDonald et al,
2009; Peters et al., 2014; Kovats et al., 2014).
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As crops, but also pests and diseases,
change in the wake of climate change, the
damage niche also changes. The damage
niche describes the area in which both the
crops and the infested pests and diseases
predominate and the pests and diseases also
damage plant production. Farmers must
therefore apply new management strategies
and technologies in order to grow the most
suitable crops or varieties, and also follow
the latest developments in integrated plant

protection’.

2.2

Water availability and

irrigation demand

Globally, climate change will put further
pressure on agricultural water management,
which is already under pressure from
population growth, economic development
and environmental concerns (Iglesias &
Garrote, 2015; Field et al., 2014; Jeong et al.,
2011). Kovats et al. (2014) estimate that by
mid-century irrigation will not be sufficient
in some European regions to compensate for
the damage caused to crops by water stress.
However, too much water — induced region-
ally by extreme weather events (such as
heavy precipitation) and, in addition, locally
by sea-level rise — also tends to threaten
agricultural  production. These impacts
lead to waterlogging and salinisation in
particular, which are often very site-specific
(Iglesias & Garrote, 2015)°. Due to changes
in overall water availability in the soil, it is
very likely that the need for irrigation will

also increase.

When talking about climate change impacts

on crop production, it is of particular interest
to understand how precipitation patterns,
i.e. the timely and regional distribution
of rainfall, change throughout the year.
The same can be said for the occurrence
of extreme weather events. In this context,
it is necessary to consider the total water
availability, consisting of precipitation,
evapotranspiration and soil moisture. As
scientists agree that the global mean
temperature has risen, and will continue
to rise, evapotranspiration is also expected
to increase. This in turn reduces the total
near-surface water availability (i.e. the
hydrological balance) for crops (Solomon
et al., 2007); and this water balance will
deteriorate further if total precipitation
decreases in certain regions. Again, this
interrelation underlines the dramatic
consequences climate change will have on
water availability, even though it is very
challenging to predict single precipitation

events accurately.

Another vital aspect is the spatiotemporal
interaction between groundwater and
climate. The hydraulic memory of ground-
water systems varies, and it is therefore
difficult to estimate the effects of climate
change on them (Cuthbert et al., 2019).
Furthermore, it is challenging to measure
the effectiveness of certain mitigation
activities, as the response time might be
longer than a human lifespan (i.e. about
100 years). The authors conclude that in
arid regions, groundwater systems are less
responsive than in humid regions. Hence,
water scarcity is likely to last longer and

with greater intensity in drier regions.

5 Integrated plant protection describes a holistic
approach that includes preventive measures as well
as various non-chemical (e.g., mechanic procedures),
and chemical plant protection measures
(Freier et al., 2017).

6 Another important point is water quality,
which might diminish due to rising temperatures

and environmental degradation.
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To highlight this aspect, the following
case study findings are added. Deike (2018)
explains the effects of climate change on
water availability in the agricultural life
cycle with a focus on Germany. According
to the author, precipitation in the first half
of the year will decrease on average in many

regions of Germany:

*  More persistent aridity from January
to March rarely impacts yield develop-
ment, as crops do not need much
water at this time because of their low
evapotranspiration and growth stage.
Nevertheless, water reservoirs cannot
be filled, so that future droughts or

aridity cannot be compensated as well

e If aridity coincides with an early start
of vegetation in spring, weakened
crops cannot recover very well because
weeds also start to compete for water

resources

e Earlysummeraridity, especially in April
and May, is of particular importance
for the yield development of the crops,
which is mainly determined in the

early development phase of the plants

*  On the contrary — and again on average
— more precipitation falls in the second
half of the year. They make harvesting
more difficult, e.g. of oilseed rape, but
crops harvested later (e.g., maize) can

benefit from this.
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2.3

Elevated COz2 levels

Despite the predominantly negative effects
of global warming (especially in the long
term), some changes could be beneficial for
crop production. One of these is a rising
atmospheric CO2 content, which can
increase yields under certain conditions
due to the CO2 fertilisation effect. Figure 3
shows the steadily increasing concentration

of this greenhouse gas.

More particularly, there is much evidence
that higher CO2 concentrations increase
photosynthesis processes in C3 plants but
less in C4 plants” (Van Meijl et al., 2017;
Ramesh et al., 2017; Fuhrer, 2003). In C3
crops, higher CO2 levels improve water use
efficiency and cause plants to transpire less
(Kruijt et al., 2008), which can translate
into a lower water demand. Other authors
conclude that water use efficiency is increased
in both carbon pathways, but not necessarily

photosynthesis (Keenan et al., 2013).

This alone shows that there is still much
uncertainty about the yield effects of
COz2 fertilisation. One reason for this is
the limited understanding of how plants
will respond in the long term. The CO2
concentration influences several — possibly
counteracting — plant physiological processes
(Van Meijl et al., 2017). Nevertheless,
Tubiello et al.

crop yields will increase by 10-20% for C3

(2007) summarise that

and by up to 10% for C4 plants by 2100

compared to CO2 concentrations in 2007.
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Figure 3. Annual mean CO2 concentration (in parts per million).

ReprintedAdapted from Trends in Atmospheric Carbon Dioxide.
Mauna Loa COz2 annual mean data, by Tans & Keeling, 2020,
retrieved from https://www.estl.noaa.gov/igmd/ccgg/trends/data.heml

Ribeiro et al. (2012) conclude that even
desired traits such as dwarf varieties for better
agronomic properties could be reversed with
increased COz2 content due to the changed
hormonal growth control. As mentioned
above, it is difficult to separate the different
effects on plant growth and interactions
from other effects of climate change. For
example, the potential positive effects
of COz2 fertilisation can be significantly
hampered if adverse weather conditions such
as heat hinder proper plant development
(Tubiello et al., 2007), and thus net effects

are uncertain or could be harmful.

7 C3 and C4 plants have different
paths of photosynthesis. C3 plants
are the most common and have a very
efficient photosynthesis under cool
and humid climate. Examples of this
group are wheat, rice, soya, sunflower,
oilseed rape, potato, sugar beet and
dry bean. In opposite to that,

C4 plants, such as maize, sugar cane
and sorghum are most efficient under
hot and sunny climate

(see van Meijl et al., 2017;

Jaggard et al., 2010).
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2.4
Erosion

Following the increased occurrence and
intensity of weather extremes, the impacts
of climate change (e.g., heavy rains and/
or droughts) may also increase soil erosion
and reduce soil fertility (Kovats et al., 2014).
Indeed, the model results of Panagos et
al. (2017) show that soil erosion caused by
rainfall in Europe will increase by 18% by
2050 and that 81% of European territory
will experience increased erosion. Especially
for the Western Alps, parts of the French
Actlantic coast, Eastern Croatia, parts of

Slovakia, and Southern Germany, such an

i
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increase is predicted due to higher rainfall
intensity and other erosive events. As far as
wind erosion is concerned, Mediterranean
countries are expected to have the least
impacts, while areas around the North
Sea will be more affected by wind erosion
(Borrelli et al., 2014); and in regions such
as the Mediterranean and Central-Eastern
Europe, which are already — currently —
centres of desertification, extreme weather
conditions such as droughts and forest fires
will further increase the risk of desertifica-
tion (EEA, 2017a).

3.
Possible adaptation and
mitigation pathways
created by plant breeding

According to the Mbow et al. (2019), one
option for more productive use of land,
water, nutrients and other resources is
the genetic improvement of crops for
high yields, tolerance and adaptation to
climate change. Therefore, plant breeding
and the new technologies implemented in
this sector can help to reduce pressure on
the soil and also contribute to mitigating
climate change (Mbow et al, 2019;

Matthews, 2019).

In the following, possible ways in which
plant breeders can contribute to climate
adaptation and mitigation are outlined.
Please note that all of these pathways are
highly interconnected and influence each
other. Furthermore, the extent to which
these breeding-induced benefits can be
exploited depends on general plant care

and local conditions.

Closing the yield gap — this means reducing
the gap between the yields achievable under
comprehensive management and the actual
farm yields achieved by an average farmer.
On the one hand, side plant breeding has
increased the genetic yield maximum of the
plants — and still has potential to increase it
further. On the other hand, plant breeding
can create varieties that produce high yields
under various environments and limited
input use (Voss-Fels et al., 2019). Further-
more, new traits facilitating crop production
(e.g., dwarf varieties or the synchronisation
of ripening times) have helped farmers to
achieve higher yields. For example, the
Vereinigung  der  Pflanzenziichter und
Saatgutkaufleute Osterreichs (2011) analysed
that German wheat breeding increased
the achievable yields by 0.34-038 dt/halyr
between 1966 and 2007. This is equivalent to
about 0.5% of the average yield attained in
2010 in Germany (Statista, 2018). Increasing
land productivity through improved yields
can reduce global land-use changes and thus

contribute to climate change mitigation.
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Breeding for crop production under

climate change conditions — as explained
in chapter 1, climate change will alter
plant production systems. Plant breeding
contributes to adapting crop plants to
these changes. Increased drought and
heat tolerance are, for example, achieved
by creating crops with larger root systems
(Mbow et al., 2019). This improves the
water uptake of the plants, as they can reach
lower water reservoirs and draw water from
a larger area. Thereby, also more nutrients
might be absorbed. However, plant

breeding is not only helpful under adverse
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climate conditions. Another field of work is
the selection and creation of varieties that
are well adapted to new environments, such
as maize varieties that produce well in areas
that used to be too cold for cultivation (see
chapter 2a). Furthermore, plant breeding
can optimise the life cycle of crops under
new climatic conditions, which ultimately
results in higher and more stable yields.
Depending on a region’s climate, a variety’s
growing period can also be shortened to
avoid water stress events during crucial stages
of plant growth, or a variety could even be

bred to allow for several harvests per year.

Improving nutrient and water use
efficiency — these breeding objectives
contribute to both climate change adapta-
tion and mitigation. For example, genetic
improvements pursued in Germany since the
1960s on winter wheat achieved a reduced
demand for fertiliser and water (Voss-Fels et
al., 2019). Fertiliser emissions to the environ-
ment can also be reduced through increasing

the nitrogen use efficiency.

Enhancing nutrition and food security
- breeding has improved the quantity
and quality of crop production. As yields
increase, food security is improved through
greater availability of food. In addition,
plant breeding can stabilise or even increase
the micronutrient content of crops under
unfavourable climate change conditions.
This is done, for example, by reducing the
sensitivity of crops to atmospheric CO2, since
research has shown that increased CO2 levels
reduce the micronutrient content of crops
(Mbow et al., 2019). Consequently, breeding
can improve food security and global health
by providing inputs that ensure high-quality
food production under climate change
conditions. Another aspect is the prolifer-
ation of local protein crops, a strategy that
is supported by the German government. In
order to reduce protein imports and adverse
climate change effects by the clearing of land,
e.g. for soya plantations, plant breeding can
improve the agronomic qualities of protein

crops such as legumes.

In order to maximise these potential
breeding-induced benefits for climate
change mitigation and adaptation, it is
necessary to harness the vast global genetic
material available and also to include
landraces, wild relatives of crops, and
orphaned and neglected crops (e.g., millet,
beans, cassava) in breeding programs
(WRR, 2019; Searchinger, 2014) in search
for desired traits such as increased resistance
to biotic stresses or heat tolerance.

The speed and quality of future genetic
improvements will also depend on existing
breeding technologies. For example, the
application of hybrid and CRISPR/Cas
breeding in wheat has produced wheat
varieties that are resistant to powdery
mildew and have higher and more stable
yields (Zhao et al., 2015). The CRISPR/Cas
technique made it possible to introduce the
powdery mildew resistance found in barley
into wheat. Without the new technique,
i.e. with conventional breeding, this would
probably have taken 10-20 years longer
(Wang et al., 2014; Acevedo-Garcia et al.,
2016).

As climate change is a rapidly evolving
phenomenon, plant breeding must also
be accelerated, but due to its complexity
and the need to test new varieties under
real field conditions, this is a challenging
undertaking. So far, other technologies
such as high-throughput phenotyping and
genomic markers have already reduced

breeding time and costs.
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4.
Conclusion

The current and future effects of climate
change make it clear that agricultural
systems must adapt and reduce emissions.
Climate change has led to systematic
problems such as irreversible environmental
degradation and will continue to do so in
the future. The impacts vary regionally and
are very complex, as many climate systems
are interlinked and influence each other.
Therefore, the entire climate system must
be taken into account when projecting
the effects of climate change on plant
production. Regardless of the region- and
crop-specific projections of climate change
impacts, it is clear that crop production
will be confronted with many more
extreme weather events in the future. Such
extremes as the rainfall deficit in Germany
in 2018 and 2019 will occur more frequently
and with greater impact. Moreover, the
persistence of these events will increase.
This means that crop production will be
more volatile in the future. Furthermore,
climate change will influence the growing
season length and the life cycle of crops.
Since 1992, the thermal growing season has
already been extended by ten days, and this
trend is continuing. The phenology of crops
has also changed, as can be seen for example
in earlier flowering dates. Additionally,
habitat shifts or habitat expansions occur
when thermophilically growing crops move
northwards. One example is the expansion
of the ecological niche of maize due to rising

average temperatures .
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Farmers’ management, political regula-
tions and the quality and quantity of input
factors (such as fertilisers and seeds) must
be taken into account when analysing the
future of crop production. Plant breeding
positively  influences the phenotypic
characteristics of the varieties and crops
used. Therefore, this sector plays a crucial
role in climate change adaptation and
mitigation by improving primary crop
production, food security and resource
efficiency. Increasing yields under different
conditions remains the main priority of
plant breeders. With the right policies,
yield increases can reduce the expansion
of agricultural land and thus protect
natural ecosystems. Nevertheless, it is a
challenge to adapt to the rapidly changing
climate and to anticipate not only climatic
conditions, but also consumer preferences
and international trade flows. Such a
globalised challenge requires international
cooperation in the exchange of genetic
material and experience with different
varieties or crops within different climatic
zones and cropping systems. National
or international funding of research and
development within the sector should also
be maintained — this way, the breeding
benefits for climate change adaptation and

mitigation can be optimised.
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Abstract

Global pork production has increased
five-fold between 1961 and 2017. The
rise in pork production has come with
substantial environmental costs, including
nutrient overload, air pollution, as well as
greenhouse gas emissions from manure and
the production of protein-rich feed crops.
Most emissions are generated at the site of
production, but increasing quantities of
pig feed, mainly soybeans imported from
a few major producing countries, are also
responsible for substantial emissions. Here,
I compare greenhouse gas emissions from
pork production and feed imports in China
and the EU since 1990. I highlight the
implications of the recent trade disruptions
between China and the United States and the
effect of African swine fever on trade flows of
pig feed, pork meat, and related emissions,
which are embodied in the changes in trade.
In Brazil, the major global soybean exporter,
emissions associated with soybean production
have likely increased due to the additional
demand for soybeans as a result of the trade
disruptions. The expected growth in future
demand for pork meat and the limited scope
for further improvement of emission intensity
in production justify greater attention to the
emissions embodied in trade. The shift from
production-based to  consumption-based
emissions accounting can create incentives
to replace emission-intensive imports with
domestically produced goods or with imports

that have lower emissions.
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I
Introduction

Global pork production has increased
steadily in recent decades. Two of the
most important consumers and producers
of pork are China and the EU; together,
they consume and produce about 65% of
the 120 million tonnes of global pork meat
production (FAO, 2019; OECD, 2019).
Pigs are monogastric, like humans, with
a single-chambered stomach; they do not
rely on enteric fermentation in multi-cham-
bered stomachs like ruminants, and
therefore do not feed on starchy grass.
Instead, pigs are reared fastest with energy
provided predominantly by energy-rich
crops, such as maize, and with protein
supply mainly from soybeans. As a result
of growing pig stocks, the consumption of
soybean-based protein for feeding pigs has
increased dramatically. The lion’s share
of the soybean proteins in commercial
pig production in China and the EU is
imported from the United States, Brazil,
and Argentina, which together produced
82% of the world’s soybeans in 2017. In
total, China and the EU imported 75%
of the globally traded soybeans in 2017
(FAO, 2019).

Here, I review the greenhouse gas (GHG)
emissions associated with pork production in
the EU and China, including the emissions
in the production process and the emissions
embodied in traded feed. I will focus on
soybeans from Latin America, where the
expansion of soybean cultivation has led to
widespread deforestation. Land-use change
in response to soy expansion occurs directly
through the expansion of soybeans on
previously forested land, but also through
indirect land-use change (LUC) when areas
previously used as cattle pastures are converted
to soybean cultivation, which in turn leads to
deforestation through the displacement of
livestock pastures into the forest. In addition,
the increasing demand for soybeans in
anticipation of higher future profits arguably
contributes to land speculation in Brazil,
which may stimulate further deforestation. I
examine the changes in emissions embedded
in the traded soybean as a result of the
potential impact of recent changes in trade
volumes and flows in response to the trade
war between China and the United States, as
well as the trade effects that may be caused by
the decline in China’s pig population due to
African swine fever (ASF).
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2.
Changes in pork production
and consumption

Globally, there were about 1 billion
domesticated pigs in 2017 with a total
value of gross production of almost 300
billion USs. China has been home to 45%
of these pigs, and another 15% are in the
EU. The two regions also have some of the
highest per capita consumption of pork,
with 31 kilograms (kg) per capita and year
in China and 35 kg in the EU (OECD,
2019). While per capita pork consump-
tion in the EU has remained stable since
1990, it has doubled in China over this
period. Overall, Chinese consumption
amounted to 46% and EU consumption to
17% of total world pork production in 2018
(USDA, 2019).

Pork production in the EU has increased
from 20 to 24 million tonnes between
1990 and 2017 (Figure 1). Large, industrial
production complexesdominate pig produc-
tion structures in the EU; there have been
no major productivity increases or changes
in production structures. In China, on the
other hand, productivity and efficiency of
pork production rapidly increased, mainly
due to fundamental changes in production
structures. Traditional pig production on
small farms, which was characterised by
integrated crop-livestock systems before
the household responsibility system was
introduced in 1978, has changed rapidly
since then due to the increasing demand

for pork (Bai et al., 2018; Wang et al., 2017).

18

Increasing demand and supply-side
incentives from the Chinese government
led to a rapid transition from small-scale
production systems to industrial pig
production, which relies on purchased
grain and oil crops to feed livestock. In
1980, only 2.5% of China’s livestock was
produced in large-scale, industrial farms;
by 2010, this proportion had risen to 56%
(Bai et al., 2018). Government policies
over the past two decades have contributed
to a shift from land-intensive ruminant
production, which feed on grass and
grazing, to the production of monogastric
animals, mainly pigs and chickens (Bai et
al., 2018; FAQ, 2019).

At present, the pig production systems
in the EU and in China are largely
comparable. Both regions produce most
of their pork in large units, which rely
heavily on domestically produced maize
and protein feed supplied from abroad.
The production systems are very eflicient
in terms of animal protein production,
yield high profits and, at least before
the outbreak of ASF, ensured a steady
supply of cheap and uniform pork meat
to consumers. In contrast to China, the
EU, with its smaller domestic market, is
also a major exporter of pig meat and pig

by-products, including to China.

Million tons
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Figure 1. Strong increase of pork production in China

Adapted from Statistics / Food and Agriculture Organization of the United Nations,
by FAO, 2019, retrieved from http://faostat.fao.org

Copyright 2019 by Daniel Miiller
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3.
Environmental effects

of pork production

The production of pork involves substantial
environmental costs, including ammonia
(NHs) pollution, nitrate leaching into
waterways, greenhouse gas emissions from
manure releasing nitrous oxide (N20) into
the atmosphere, and from the production
of pig feed. In Germany, for example,
95% of all NH3 emissions come from the
agricultural sector, predominantly from pig
production (German Environment Agency
(UBA), 2019). In China, the increase in
pig production is responsible for the rise in
NH3 emissions from 3.9 teragram (Tg) in
1980 to 7.6 Tg in 2010 (Bai et al., 2018).
Moreover, nutrient leaching from pig farms
contributes to an excess of nitrogen (N) in the
soil, which reacts to nitrate (NO3) through
oxidation and endangers water quality. While
the environmental challenges in industrial
pig production loom large, I will focus here
on the greenhouse gas (GHG) emissions
associated with the production of pork and
pig feed.

In 2005, pork production emitted approxi-
mately 668 million tonnes of carbon dioxide
equivalents (CO2-eq) worldwide. Pork
emissions are likely to increase substantially, as
the demand for pork is projected to grow by
one-third between 2005 and 2030 (MacLeod
et al., 2014). In the Netherlands, France
and Germany, the emission intensity (the
emissions in CO2-eq per kilogram of mear)

is between 3 and 5 CO2-eq per kg of pork.
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The direct GHG emissions associated with
imported feed, i.e. the emissions in the
production process without taking land-use
change into account, account for between
25 and 40% of this (e.g., van Grinsven et
al,, 2019). In China, the emission intensity
is in the range of 2.9 kg CO2-eq/kg pork
in 2009 (Lin et al., 2015), without taking
into account the emissions embodied by
trade. The emission intensity in China is
much higher in small-scale pig production
systems, which were predominant in the past
with 10.8 CO2-eq/kg pork in 1979, but
improved rapidly with the systemic change
in Chinese agriculture that began after 1978
(Lin et al., 2015). In other words, the shift
from traditional to industrial pig production
systems has greatly increased the emission
efficiency and thus reduced greenhouse gas
emissions per unit of produce.

These emission estimates are based on life
cycle assessments, which take into account
emissions from domestically produced feed,
but fail to account for the emissions from
land-use changes, including deforestation,
which are included in feed imports. Yet, the
large quantities of soybean-based products in
the diet of industrially produced monogastric
animals were partly responsible for the rise in
global soybean prices in the 1990s and 2000s,
which in turn stimulated investment into soy
production and the expansion of soybean

cultivation in the central producing regions.

4-
Soybean production
The soybean is a legume with high protein

and oil content. Almost 90% of the world’s
soybean production is processed into soybean
oil and soybean meal (or soybean cake).
The flour or cake has a protein content of
about 50% and is used almost exclusively as
animal feed. In 2017, 535 million tonnes of
soybeans were produced worldwide (FAO,
2019). The largest producer in 2017 was
the United States with a production of 120
million tonnes (34% of global production),
followed by Brazil (115 million tonnes, 32%),
and Argentina (55 million tonnes, 16%).

Less important but still significant players
in the global soy business are Paraguay,
Bolivia and Uruguay, which together
produced another 15 million tonnes of
soy in 2017. Chinese soy production
amounted to 13 million tonnes in 2017,
or 4% of total global production (FAO,
2019). Overall, global soybean production
has more than tripled from 108 million
tonnes in 1990 to 353 million tonnes in
2017. In the same period, chicken produc-
tion also tripled, while pork production
increased by a factor of 1.7 (FAO, 2019).
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Nearly 60% of the increase in soybean
production since 1990 is due to increased
production in Brazil and Argentina, which
grew by 576% and 514% respectively
(Figure 2). China, on the other hand, has
increased its domestic soy production by
only 16% over the same period, despite the
strong growth in soybean demand. Since
2002, the year following China’s accession
to the WTO, its domestic soybean produc-
tion has actually fallen by 26% or 3.4
million tonnes (FAO, 2019). The reduction
in soybean acreage in China over this period
has also had negative consequences for the
N balance in soils due to the shift from
N-fixing crops such as soybeans to N-extrac-

ting crops such as maize and rice (Sun et al.,
2018).

Several enabling factors have led to an
increase in soybean production in South
America. The global success of the soybean
came with the introduction of the transgenic
variety Roundup Ready soy (RR soy), which
is resistant to a glyphosate-based herbicide
(one of these herbicides is called Roundup).
RR soy was originally developed and
patented by the U. S. agrochemical company
Monsanto. The transgenic soybean was first
approved in Argentina in 1995, then quickly
smuggled andillegally grown in neighbouring
countries, including Brazil, where transgenic
soybeans were not officially approved
until 2003 (Oliveira & Hecht, 2016).
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At present, soy cultivation is a highly
commercialised, large-scale and capital-
intensive farming model that relies almost
entirely on transgenic plant material. This
soybean production system mainly relied on
reduced or no-tillage methods and allowed
two harvests per year, mostly in rotation
with maize, and was well suited for tropical
and subtropical areas. Brazil, Argentina and
the United States, which almost exclusi-
vely plant transgenic soy, also have the
highest soybean yields, at over 3 tonnes
per hectare, while China’s yields averaged
1.8 tonnes per hectare between 2015 and
2017. The enormous productivity increases
in the main producing countries combined
with the lower production cost led to the

dramatic area expansion of soy cultivation.

The economic success of soybean cultiva-
tion has replaced traditional land-use
systems across large parts of South America,
including smallholder farms and forest-
dependent indigenous groups (Oliveira &
Hecht, 2016). It has also resulted in the
emergence of a highly efficient value chain
in which traders, processing facilities and
transportation means focus on soy trade.
At present, soybean-based exports are a
crucial source of export income for many
South American countries, particularly

Brazil and Argentina.
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Figure 2. Rise in global soybean production.

Adapted from Statistics / Food and Agriculture Organization of the United Nations,
by FAO, 2019, retrieved from http://faostat.fao.org

Copyright 2019 by Daniel Miiller

In 2017, the area harvested with soy
cultivation amounted to 57 million
hectares in South America, 46% of
the total global area (FAO, 2019).

In recent decades, soy production in both

Brazil and Argentina has expanded from
south to north, replacing cattle pastures or
native forest areas in the Amazon region or
the dry forests of the Cerrado and Chaco
biomes (Graesser et al., 2018).
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5
Trade in soybean products

Soybeans are an export crop. Of the 120
million hectares of soybean cultivation area
worldwide, about 50 million ha are destined
for export; this is the largest area and
the highest proportion of all major crops
destined for international trade (Levers
& Miiller, 2019). Most of the soybeans
traded internationally go to China. In
2017, China imported a total of almost
96 million tonnes of soybeans, represen-
ting 28% of global production and 64% of
the volume of soybeans traded worldwide
(FAO, 2019). 94% of these imports (91.5
million tonnes) were imported from only
three countries: the United States, Brazil
and Argentina (Figure 3). China predomi-
nantly imports raw soybeans, which are
processed in China into soybean oil,
mainly for human consumption, but by far
the largest share is converted into soybean
cakes, which are used as animal feed.

China’s soybean imports have increased
steadily since the trade liberalisation linked
to China’s accession to the WTO in 2001.
The United States and Brazil were the main
supplier during the 2000s. Since 2013, the
largest share of China’s soybean imports has
come from Brazil, and in 2017, imports
from Brazil amounted to 53% (52 million

tonnes) (Figure 3).
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The EU imported 10% of all internatio-
nally traded soybeans in 2017, but unlike
China imported an additional 40% of
internationally traded soybean cake, also
for use as animal feed (FAO, 2019). In
2017, the EU imported 31 million tonnes
of soybean equivalents' (38% from Brazil,
28% from Argentina and 16% from the
United States; Figure 4). Import volumes
peaked in 2009 at 40 million tonnes and
then started to decline. During this period,
the EU increased its own soybean crop
area from 0.35 to 0.89 million hectares
and almost tripled domestic production to
2.7 million tonnes (FAO, 2019); domestic
production in the EU, however, covers less

than 10% of domestic consumption.

1 Processed products that are traded,
such as soybean cake, must be made
comparable to the primary crop.
This has been done by converting
the traded products into primary
equivalents based on their
calorie content. For example,
one kg of soybean cake contains
78% of the calories of the raw

soybean (Kastner et al., 2011).
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Figure 3. Imports of soybean equivalents of China. (above)
Figure 4. Imports of soybean equivalents of the EU. (below)

Adapted from Statistics / Food and Agriculture Organization of the United Nations,
by FAO, 2019, retrieved from http://faostat.fao.org

Copyright 2019 by Daniel Miiller

Source: FADSTAT 2019; trade flow data from T. Kastner following Kastner et al. (2011): Ecol Econ
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§5.I

Emissions from soybean imports

The expansion of soybean cultivation in
South America has contributed to the
high deforestation rates in the region,
particularly during the 2000s (Macedo et
al., 2012). More recently, soy expansion
has mainly taken place on often degraded
cattle pastures, but there is strong evidence
that soy expansion has also displaced cattle
pastures further north, where pasture
expansion contributes to deforestation
(Barona et al., 2010; Gollnow & Lakes,
2014). Therefore, soybean expansion is
held responsible for direct and indirect
deforestation and thus for high CO2

emissions caused by deforestation.

To quantify the emissions footprint of
imports of soybean equivalents, we need to
relate the volume of imports to the demand
for land at the point of origin. Multiplying
China’s soybean imports by the average
soybean yields in the respective exporting
countries reveals that China’s soybean
imports in 2017 required about 15 million
hectares of soybean cultivation in Brazil,
2 million ha in Argentina and 10 million
ha in the United States. EU imports in
2017 were equivalent to 3.4 million ha in
Brazil, 2.7 million ha in Argentina and 1.4
million ha in the United States. However,
from the point of view of emissions, it
matters where in the exporting countries
the soy imports come from and whether
these imports have led to deforestation

associated with soy production.
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It has recently become possible to trace
imports back to their place of origin with
data that link imports to jurisdictional
regions of origin (e.g., districts) by tracking
the supply chains of commodities (Godar
et al., 2016). Such data are available from
hteps://trase.earth; however, at the time of
writing, these data only included soybean
value chains for Brazil with data on jurisdic-
tional deforestation rates and associated
CO2 emissions. Moreover, only data on
deforestation since 2006 are available
(the years 2001 to 2005, when deforesta-
tion rates in Brazil were much higher, are
unfortunately not available). Fortunately,
the Trase data include the Amazon and the
Cerrado biomes, which are the two biomes
that account for the largest part of defores-
tation in Brazil.

Supply chain data show that emissions
from deforestation associated with Brazil’s
soybean exports have fallen to below 20
million tonnes CO2-eq per year since
2013 (Figure 5). Emissions associated with
soybean exports to China have stabilised
in recent years, despite the substantial
export increase. This suggests that less
soybean production is associated with
direct deforestation. The sharp decline in
deforestation caused by soy cultivation
after 2008 suggests that the Amazon Soy
Moratorium, a voluntary commitment not
to purchase soy on land deforested after
2006, has effectively reduced deforestation

in the Amazon.
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Figure 5. Emissions from deforestation associated with soy exports of Brazil.

Adapted from Trase, by Trase, 2019, retrieved from https://trase.carth

Copyright 2019 by Daniel Miiller

This commitment has been signed by all
major soybean traders (Gibbs et al., 2015).
Deforestation rates due to exported soy
decreased to one-third of 2008 levels in
the Amazon, while in the Cerrado (not
shown here), they decreased much less.
Nevertheless, deforestation rates and
emissions in the Trase data are a very
conservative estimate, as they only take
into account deforestation directly caused

by soybean expansion in the last five years.

However, most forests are initially converted
to pasture (about 80% between 2000 and
2014, see Zalles et al., 2018). The conver-
sion of pastures into soybean cultivation
may take longer than the five years chosen
by Trase, even for land that is suitable for
soy and well connected to the road network
(Tiago Reis; personal communication).
Furthermore, indirect land-use changes
and land speculation are not included in
the Trase data.
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6.
Trade and production shocks

6.1

The trade war between

China and the United States

In mid-2018, the U.S. administration
introduced tariffs on Chinese goods worth
US$ 250 billion. The Chinese government
responded with 25% tariffs on many U.S.
goods, including soybeans. In return, U.S.
soybean exports to China fell by 50% in
2018, from 33 million tonnes in 2017 to
16.6 million tonnes in 2018 (Fuchs et al.,
2019; He et al., 2019). In the following, I
will outline the consequences of the trade
war and African swine fever for China
using data from news reports, as the official
statistical sources only contain data up to
2017.

As a result of the trade war, China is
directing more attention on South
American soybean producers at the expense
of soy imports from the United States.
Combined with the outbreak of African
swine fever in mid-2018 (ASF; see below),
China’s soy imports decreased from 97
million tonnes in 2017 to 85 million
tonnes in 2019; a growing amount of this
soybean will be used to produce additional
poultry, a main alternative to pork (Anand,
2019). To compensate for the import
reductions from the U.S., China increased
its imports from Brazil from 52 million
tonnes in 2017 to 66 million tonnes in
2018, corresponding to 75% of all Chinese
soybean imports in 2018 (Su, 2019).
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The increase of 14 million tonnes
represents an additional demand for land
of 4.5 million hectares, assuming average
Brazilian soybean yields of 3.1 tonnes per
hectare between 2015 and 2017. Among
other things, an agreement was signed
with Argentina, the world’s largest exporter
of soybean meal. Under this agreement,
Argentina can produce soybean meal in
its crushing industry for export to China
(Bronstein & Heath, 2019).

The increase in soybean imports may cause
further soy expansion in Brazil, including the
direct replacement of forests with soybean
cultivation and indirect deforestation by
replacing pasture land. To approximate the
emissions footprint of China’s additional
demand for Brazilian soybeans, I calculated
the average emissions per tonne of soy
imported from China in 2017 for the
Cerrado (0.31 tonnes of CO2-eq per tonne
of imported soy), assuming the Amazon Soy
Moratorium effectively prevents defores-
tation in the Amazon. Then, I multiply the
emission factor by the 4.5 million hectares
of additional land demand (see above).
This results in an increase in area-related
emissions from 6.7 to 8.1 million tonnes
CO2-eq, arise of 18%. This is a conservative
estimate, as it excludes indirect land-use
changes and the recent increase in defores-

tation, arguably partly due to soy expansion.

It should again be noted that these
emissions stem from direct deforestation
caused by soybeans up to five years after
deforestation, and not for indirect land-use
changes and speculation.

It remains to be seen whether the
forthcoming U.S. elections in 2020 will
pose further risks for trade relations. The
Trump administration may be inclined to
further trade intervention, coupled with
massive farm subsidies to offset the losses of
U.S. farmers, to please conservative voters
as well as farmers in America’s agricultural

heartland.

6.2

African swine fever

ASF is a virus causing haemorrhagic fever
in pigs, with a high mortality rate. China
reported the outbreak of ASF in August
2018 and, one year after the outbreak,
pig stocks have shrunk by at least 39% or
about 170 million pigs in autumn 2019
(the numbers vary, and the actual decline
may well be much greater), but the bottom
seems to have been reached (Siu, 2019).
As a result of the epidemic, pork prices in
China reached record highs (up to CNY
50 (around €6.41) per kg carcass weight
in October 2019, which is roughly three
times the price for pork meat in Germany
and the United States. Domestic demand
for pork declined due to rising prices,
and consumers partly replaced pork with
alternative animal proteins, e.g. from

poultry, beef and fish.

The ASF has two key effects on global trade
flows: the lower number of pigs in China
reduces the domestic demand for soy-based
feed and thus Chinas soybean imports.
Secondly, ASF causes increased imports of
pork and pig offal from other countries,
especially from the EU. Rising meat
imports can be linked to higher emissions
in producer countries as producers expand
their stocks. Thirdly, fewer pigs mean less
demand for soybeans and therefore fewer
soybean imports from Latin America, with
additional emissions in soy-producing
countries.

In response to ASE China has already
increased its beef imports from Brazil
by 50% in 2019 (Azevedo, 2019). More
importantly, the rising demand for pork
from China appears to offer new opportu-
nities for the Brazilian agribusiness. For
example, China has already approved 25
plants for pork production for export to
Brazil (Fortune, 2019). Increased pork
production in Brazil could facilitate a
new wave of deforestation; soybean-maize
rotations become more profitable, because
both crops can be converted into cash: the
soybean serves as a source of protein for
the pigs, the maize provides the energy.
The higher profitability of the soy-maize
system makes deforestation more likely and
will probably stimulate land speculation
in the Amazon and Cerrado. In short, the
emissions associated with pork consumption
may increase substantially through direct

and indirect land-use changes.
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Discussion

Industrial pork production is concentrated
in a few countries, with China and the EU
being the main producers. Both players
rely on substantial imports of protein feed
from a few key producers, in particular
the U.S., Brazil and Argentina. The global
integration of value chains, however, renders
the pig industry vulnerable to disruptions in
trade relations. Besides, the large industrial
production complexes make the pig industry
vulnerable to outbreaks of infectious diseases,
as the African swine fever epidemic shows.
In recent years, China has experienced
both a trade shock and a disease shock, and
both shocks have fundamentally altered
trade flows, production relations and the

associated greenhouse gas emissions.

LTy
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The trade war with the United States
shifted China’s soy imports away from the
United States, especially to Brazil. Higher
demand for Brazilian soy contributes to
rising emissions from direct and indirect
land-use changes in Brazil. Expectations
of continued high demand from China
improved the profit expectations of the
Brazilian agribusiness, which were further
strengthened by the Bolsonaro government’s
pro-agribusiness policy. It has already been
suggested that the improving economic
environment for commercial farming is at
least partly responsible for the peak forest
fires in Brazil in 2018 and the increase in
deforestation in much of the Amazon and
Cerrado (Fearnside, 2018).

While it is difficult to quantify the causal
links between rising commodity imports
and land-use changes in exporting
countries, rising soy exports are likely to
contribute to a further expansion of land
use to previously forested areas in Brazil.
If this is the case, the trade dispute has led
to globally relevant additional greenhouse

gas emissions.

Monitoring the emissions associated with
imported feed is important, as the expected
future increase in demand for pork,
particularly in China, will also increase the
demand for feed. It is currently unclear
where this additional feed will come from
and the danger is that much of this will
be linked to additional deforestation in
Brazil, and increasingly also in other Latin
American soy producing countries, such as

Argentina, Paraguay and Bolivia.

The ASF outbreak

was another shock to pork production,

in summer 2018

consumption and trade in China. In response
to ASF, China began importing forgone
domestic pork production from other
producers. Since the United States had partly
fallen off the shelves due to the trade war,
imports of pork and pig parts were increa-
singly sourced from the EU. As the emission
intensity, i.e. emissions per unit of product,
is similar in China and the EU, replacing
domestic production with imported pig
meat has little effect on emissions as long as
consumption remains stable (and apart from
emissions from transporting the meat from
Europe to China, which may be particularly
relevant for chilled products). Further, rising
pork imports from Brazil could substantially
increase the pressure on Brazilian forests due
to their impact on the rising profits of the

soybean-maize rotation.
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In summary, changes in trade flows of
food commodities can fundamentally
affect global greenhouse gas emissions
and the distribution of emissions across
countries. Much of the emissions are
generated at the production site. However,
the emissions embedded in the traded
products remain unaccounted for at the
places of consumption. As I have shown
using Brazil as an example, the emissions
embedded in trade flows can be substantial.
Only recently has it become possible to
approximate the full emissions embodied
in meat on the basis of value chain data
that trace imports back to their production
site. These data open up opportunities
to better manage consumption, such as
by labelling products with their carbon
footprint or by imposing emission taxes
to internalise external environmental
costs. A transition from production-based
to consumption-based accounting, for
example in pork production, could help to
better steer consumption by internalising
the cost of the emissions footprint into the

end product.
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