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Foreword

The People's Republic of China faced significant challenges in meeting the food 
requirements for one-fifth of the world’s population. Yet, over the past four 
decades, China has managed to reduce poverty, achieve food security and 
become the largest agricultural economy in the world. 
 However, China still faces many agriculture and rural development 
challenges. 
 In the drive to achieve the UN Sustainable Development Goals (SDGs), 
China is adopting ambitious “green growth” agriculture policies, strategies, 
institutional frameworks and technologies. The World Bank and the Food and 
Agriculture Organization of the United Nations (FAO) are engaging with China’s 
green growth agrifood transformation through supporting better policies and 
better investments. 
 From 2020 to 2022, a Programmatic Advisory Service and Analytics 
(PASA) project on Transforming Rural China: Greening Agricultural 
Modernization was undertaken by the World Bank. The project aligns with the 
World Bank’s Country Partnership Framework and FAO Country Programming 
Framework in China. The objective of the PASA was to demonstrate how 
existing rural development pathways, alongside the farming policies and 
strategies, can be reoriented to accelerate progress towards greener 
agricultural development in China. 
 One of the valuable approaches in this context is climate-smart 
agriculture (CSA) – an approach that helps guide actions to transform agrifood 
systems towards green and climate resilient practices. It aims to tackle three 
main objectives: sustainably increasing agricultural productivity and incomes; 
adapting and building resilience to climate change; and reducing and/or 
removing greenhouse gas emissions, where possible.
 FAO proposed CSA at The Hague Conference on Agricultural, Food 
Security and Climate Change in 2010. Together with international institutions, 
countries, and political and economic unions, FAO, the World Bank, and the 
Global Environment Facility (GEF) have promoted CSA globally. Today, CSA has 
been adopted by both developed and developing countries and regions, and 
highly effective demonstration and extension projects have been carried out 
across the world.
 CSA is consistent with China's agricultural green transformation goals. 
During 2014 and 2019, with the support of the GEF and the World Bank, China 
implemented the Climate-Smart Staple Crops Production Project (CSSCP), 
which has achieved the project goals of carbon sequestration and emissions 
reduction, stable production and increased productivity, and improved 
agricultural quality and income.    
 Drawing on the wealth of experience in the adoption of CSA in China, 
the World Bank China Office, the FAO Plant Production and Protection Division 
and the FAO Investment Centre have joined forces to develop this pivotal 
publication. It is one of a three-part Country Investment Highlights series on 
China, under FAO Investment Centre Knowledge for Investment (K4I).

Foreword



This publication provides a timely overview of CSA in China, including the 
background and development status, practices and achievements, opportunities 
and challenges, and policy proposals and investment recommendations.
 We are confident this publication will inspire governments and decision-
makers in international and national financing institutions, as well as other 
donors and development partners, to take a fresh look at how supporting CSA 
can accelerate sustainable agriculture and galvanize rural transformation. 

Jingyuan Xia
Director
Plant Production and          
Protection Division
FAO

Mohamed Manssouri
Director 
FAO Investment Centre

Foreword 

Agricultural mechanization is a key driver of efficient farming systems. It can 
enhance productivity and enable the transition towards market-oriented 
agriculture, providing off-farm employment that is attractive to women and 
youth and catalyzing rural development. It can also spark an increase in on-
farm investments as well as investments along the agri-food value chain 
including smallholders and small and medium enterprises. In sub-Saharan 
African countries, in particular, this transition is barely underway. More work is 
needed to ensure that agricultural mechanization plays its part as it has done 
on other continents. Investments in digitalization are also important and can 
help to improve many of the services that agricultural mechanization provides 
to farmers and actors in the agricultural mechanization supply chain. 

For agricultural mechanization to be accessible to all and resilient to 
the effects of climate change, it is crucial to address challenges related to 
affordability, capacity development, rural infrastructure including information 
communication technologies, and conducive environments for mechanization 
interventions. Given that most farmers, smallholders in particular, are unable 
to invest in buying machinery and equipment, one business model particularly 
well suited to sub-Saharan Africa is the provision of hiring services.

For over a year, the FAO Investment Centre and the FAO Plant 
Production and Protection Division joined forces to draw on the wealth of 
experiences in Africa with different business models for mechanization hire 
services operating along agri-food value chains. We are grateful to the private 
providers who shared their experience during two workshops – one in Grand 
Lahou, Côte d’Ivoire, and another in Kampala, Uganda, – organized by FAO in 
close cooperation with the African Conservation Tillage Network (ACT).

Analysis of the workshops’ outcomes resulted in the identification of a 
typology of mechanization business models. This publication presents an 
overview of these business models, highlighting their characteristics and 
advantages according to the local context. We envision this publication 
guiding and supporting small mechanization businesses in the field and 
throughout the agri-food value chain. We also see it enabling the implemen-
tation of mechanization strategies, policies and investments helping to 
strengthen the private sector’s role and contribution.

The business model concept will help to operationalize the Framework 
for Sustainable Agricultural Mechanization in Africa (SAMA) and develop pro-
grammes and projects that support sustainable mechanization and job and 
wealth creation for sustainable livelihoods, especially in rural Africa.

This publication provides a timely overview of existing business 
models in mechanization. It also shows the potential to innovate and 
develop new business models that are applicable to different sub-Saharan 
contexts and, with the right investments, scalable. It should inspire 
governments, programme managers and decision-makers in 
international and national financing institutions as well as other donors to 
take a fresh look at supporting viable mechanization enterprises to 
accelerate sustainable agriculture and rural development.

Jingyuan Xia
Director 
FAO Plant Production and Protection Division

Mohamed Manssouri
Director 
FAO Investment Centre
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Executive summary

BACKGROUND AND DEVELOPMENT STATUS OF CHINA’S CLIMATE-
SMART AGRICULTURE
Climate-smart agriculture (CSA) is a comprehensive system that requires 
comprehensive consideration of factors such as the local climate, natural 
environment, economic and cultural environment and market demand. The Food 
and Agriculture Organization of the United Nations (FAO) formally proposed CSA 
at the Hague Conference on Agricultural, Food Security and Climate Change in 
2010. CSA places emphasis on achieving a sustainable increase in agricultural 
productivity and making contributions to poverty eradication, making agriculture 
more adaptable to climate change, reducing greenhouse gas (GHG) emissions, 
and improving the carbon sequestration capacity of agricultural production 
systems. CSA has been adopted by both developed and developing countries 
and regions. It has been widely recognized by international communities and 
academic institutions and has gradually become an international mainstream 
approach to sustainable agricultural development. 
 CSA is in line with China’s agricultural green transformation goals. The 
overall strategic goal of China’s agricultural green development is to accelerate 
the transformation of the agricultural development mode. It aims to transform 
from the extensive pursuit of high output and dependence on resource 
consumption, to paying equal attention to both quantity and quality, and focusing 
on competitiveness improvement, agricultural science and technology innovation, 
and sustainable development. The concept of CSA is in line with the needs of 
China’s ecological civilization construction and agricultural green development 
strategy and China’s agricultural development is placing more importance on 
climate change, disaster prevention and mitigation and GHG reduction.
 International institutions such as the Global Environment Facility (GEF), 
the World Bank, the Consultative Group for International Agricultural Research 
(CGIAR) as well as some regions, countries, and political and economic unions 
have attached great importance to CSA and contributed to the promotion and 
adoption of CSA since 2012. CSA demonstration and extension projects have been 
carried out all over the world and have proved to be highly effective. During 2014 
and 2019, with the support of the GEF and the World Bank, China implemented the 
Climate-Smart Staple Crops Production Project (CSSCP), which has achieved the 
project goals of carbon sequestration and emissions reduction, stable production 
and increased productivity, and improved agricultural quality and income. 

PRACTICES AND ACHIEVEMENTS OF CHINA’S CLIMATE-SMART 
AGRICULTURE
The Chinese government has paid a lot of attention to CSA during recent years. 
China has made specific efforts and achieved good results with CSA for climate 
change adaptation, increasing agricultural productivity, soil carbon sequestration, 
and GHG emissions reduction. These efforts involve: (i) strengthening farmland 
construction and resilience to climate change and natural disasters through well-
facilitated farmland construction, agricultural water conservancy projects and 
water-saving irrigation technologies, and farmland shelterbelt and agroforestry 
systems; (ii) enhancing agricultural productivity, carbon sequestration, and 
emissions reduction by structural adjustment and mode optimization; (iii) 
promoting carbon sequestration and emissions reduction in agricultural 
production by technical demonstration and extension through minimizing 
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fertilizer and pesticide application, water-saving technology, soil erosion 
prevention measures, conservation agriculture (CA), and agroforestry; and (iv) 
applying intelligent agricultural technology and equipment, including fertigation, 
drone technology, precision agriculture, and the internet of things. Additionally, 
case studies such as the CSSCP project funded by the Global Environment Facility 
(GEF) are analysed for practices and achievements of CSA in China.

OPPORTUNITIES AND CHALLENGES FACING CHINA’S CLIMATE-SMART 
AGRICULTURE
Achieving carbon neutrality and carbon peak have become China’s national 
strategy and common commitment worldwide for green and low-carbon 
development. This is a long-term political signal of China’s low-carbon transition 
economy. The Chinese government has already taken action to promote the 
implementation of carbon peak and carbon neutrality through policy formulation 
and implementation. Various ministries and commissions of the Chinese 
government have issued policies and guidance on carbon peak and carbon 
neutrality to promote the implementation of relevant strategies. CSA is 
indispensable in addressing carbon sequestration and emissions reduction in 
agriculture, which is an important starting point for promoting the carbon peak 
and carbon neutral strategy in China’s agricultural sector. 
 The core technologies of CSA include production enhancement, climate 
adaptation, and carbon sequestration and emissions reduction. In recent years, 
there have been outstanding achievements in increasing yield in China while 
being able to adapt to climate change; nevertheless, China still faces many 
challenges in innovation and the wide application of high-efficiency and low-
carbon agricultural technology. The main approaches for achieving carbon peaks 
and carbon neutrality in the agricultural system are developing green and low-
carbon agriculture with low energy consumption, low pollution and low emissions, 
and turning carbon sources into carbon sinks. This also means that agricultural 
development will undergo modernization and a green transformation. 
Accelerating the promotion of low-carbon technologies and building a carbon 
sequestration and emissions reduction technology model covering the whole 
process, and all aspects of agricultural production and rural life, are the core 
support for achieving carbon peak and carbon neutrality in the agricultural sector. 
 Nevertheless, these are many other challenges such as: how to adhere 
to the market-oriented approach, how to promote the research, development 
and application of energy-saving and low-carbon technologies, and how to 
promote the innovation and integration of digital technology in CSA.

POLICY PROPOSALS FOR CHINA’S CLIMATE-SMART AGRICULTURE
Formulating the development strategy and action plans for CSA in China
Developing CSA helps China to extensively engage in global governance, 
implement international climate change conventions, substantively integrate 
into the mainstream direction of international sustainable agricultural 
development, and strongly support reaching the carbon peak by 2030 and 
achieving carbon neutrality in China by 2060. Furthermore, China has a good 
basis for promoting energy conservation and reducing agricultural chemical 
applications and emissions in agricultural production, improving farmland 
carbon sequestrations through CA, strengthening the construction of 
farmland infrastructure to increase resilience to climate disasters, and adopting 
new technologies of modern intelligent agriculture. 
 Moreover, it is crucial to formulate development strategies and action 
plans for CSA at the national level through measures to: (i) focus on the national 
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rural revitalization strategy and sustainable development strategy; (ii) follow 
the goal of CSA for food security, climate adaptation and emissions reduction, 
and actively promote the political and institutional innovation in agriculture and 
rural areas, and optimize the management technologies; (iii) establish production 
and operation models that are resource-efficient, economically reasonable, 
enhance carbon sequestration and emissions reduction and that are well-
coordinated between departments; (iv) build an efficient, safe, low-carbon, 
circular, intelligent, standardized and integrated production technology system, 
and optimize the evaluation and incentive mechanism; and (v) establish a 
number of CSA demonstration zones to promote the formation of green 
production and lifestyles, which will take the lead in achieving carbon peak and 
the development of CSA in China.

Deepen the reform and innovations of supporting policies and systems 
for agricultural development 
It is important both to improve agricultural subsidy policies and guarantee their 
implementation as well as to reform and develop relevant policies for CSA, and 
ensure their implementation. There are lessons that can be taken from the 
European Green Deal to help promote the reform and innovation of agricultural 
policies in China. While enhancing national support for green rural development, 
it is critical to transform a large number of temporary, piloting, and demonstrative 
subsidies into long-term and stable institutional subsidies by (i) gradually 
weakening the reliance on administrative promotion, and strengthening the 
driving capability of marketization and socialization; (ii) gradually expanding the 
share of direct payments decoupled from current production and attaching 
importance to the decisive role of the market mechanism in resource allocation 
while also balancing the share of support to large-scale agricultural business 
entities and smallholders; (iii) formulating implementation guidelines and related 
safeguarding measures for the agricultural ecological compensation system and 
ecological product realization mechanism; (iv) clarifying the main entities and 
their responsibilities; (v) optimizing supporting policies related to accounting 
and verification, green labelling, trading platforms and regulatory accountability; 
and (vi) motivating the participation of farmers, enterprises and the public.
 It is also important to (i) build a departmental coordination mechanism 
and form a synergetic force for agricultural transformation; (ii) accelerate the 
development of coordination mechanisms among relative departments that will 
effectively solve the problems of decentralization and fragmentation of policy 
mechanisms and form a synergetic force for agricultural transformation; 
(iii) establish a cross-departmental coordination mechanism that will strengthen 
top-level design, and deploy target tasks, timetables and roadmaps in various 
fields; (iv) strengthen the coordination of funding, policy and other safeguards, 
and formulate the optimized strategic framework and guidelines for implementation; 
(v) establish a coordination mechanism between the central government and local 
governments that will increase support for the green and low-carbon transformation 
of agriculture in key regions and special areas; and (vi) formulate specialized 
supporting policies and assessment indicators accordingly. 
 Moreover, it is vital to coordinate the reform of fiscal, and financial and 
management systems, encourage financial institutions to innovate financial 
products and service methods, and guide society capital to extensively invest in 
the green transformation of agriculture and rural area.
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Establish the technical support and legal guarantee systems of CSA
The capacity development of technological innovation must be strengthened. In 
terms of fundamental research, focus should be on achieving breakthroughs in 
the climate change adaptation and resilience of crops, livestock, and grassland 
systems, the physiological and ecological mechanisms and regulation pathways 
of carbon sequestration and emissions reduction, and efficient use of resources; 
exploring and clarifying the technical approach and coordination mechanism of 
CSA’s goals for food security, climate adaptation and emissions reduction in the 
agrifood system; and constructing a monitoring and evaluation methodology. In 
terms of key technologies, focus should be on achieving breakthroughs in 
controlling GHG from agricultural production activities. In terms of technology 
integration and application, the focus should be on forming mechanized, 
standardized, and intelligent low-carbon green production technology models 
that can be adapted to different regions and industries.
 Technical standards and the evaluation systems must be improved. 
Steps should be taken to establish a complete system of green and low-carbon 
monitoring and evaluation mechanisms for agriculture and rural areas, and to 
optimize the standardization and technical specifications of carbon emissions 
reduction methodology in line with international standards.
 A legal safeguarding system is needed. It is necessary to establish and 
improve the legal system for promoting green transformation and CSA 
development and to accelerate the formulation of laws and regulations on green 
development in agriculture and rural areas that are suitable for China’s national 
contexts. Further clarification of related principles, goals, systems, policies, and 
responsibilities is required. Related actions of green development under the 
current legal framework should be explored and relevant regulations 
promulgated with legal effects.

Strengthen cooperation and experience sharing of CSA worldwide
The international community’s joint efforts in climate change response must be 
actively promoted. The Chinese government has announced that China will strive 
to reach the peak of carbon dioxide emissions (carbon peak) by 2030, achieve 
carbon neutrality by 2060, and will continuously contribute to global climate 
change adaption and mitigation.
 Cooperation with international organizations and developed countries 
must be strengthened. It is important for China to strengthen cooperation with 
international organizations and developed countries to explore sustainable, high-
yield, resilient and low-emission models for agricultural development, which is 
of great significance in green agricultural transformation in China.
 Chinese experience and wisdom should be shared. South–South 
Cooperation and the Belt and Road Initiative are important channels for sharing 
the Chinese experience in agricultural transformation and development with the 
world. It is important to actively promote green agricultural technologies for high 
yield and income, low-carbon technologies, climate-adaption technologies, as 
well as the agriculture and product “go global” strategies. It is also crucial to 
implement agricultural cooperation projects, establish information exchange 
mechanisms, set up capacity development activities, and build comprehensive 
demonstration zones in order to effectively make China’s experience and 
technology contribution available to global green agricultural transformation and 
modernization.
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Introduction

Climate-smart agriculture (CSA), a new agricultural development concept and 
model, has gradually become the mainstream approach for sustainable 
agricultural development worldwide. The Food and Agriculture Organization of 
the United Nations (FAO) formally proposed CSA at The Hague Conference on 
Agricultural, Food Security and Climate Change in 2010 (FAO, 2010). The aim was 
to improve the overall efficiency, resilience, adaptability, and emissions reduction 
potential of agricultural production through political and institutional innovations, 
transformation of production modes, and the optimization of management 
technology. Eventually, this aimed to achieve sustainable agricultural production, 
climate adaptation, and greenhouse gas (GHG) emissions reduction. CSA 
emphasizes tackling climate change, and this concerns the development of social 
economy and food security. It has been adopted by both developed and 
developing countries and regions, and thus has been widely recognized by the 
international community and academic institutions. The asset of CSA is its holistic 
approach and adaptability to specific country and territorial needs.
 CSA generally meets the strategic needs of China’s agricultural 
transformation and development, and it is basically in line with the goals and 
paths of China’s agricultural green development. The goal of China’s agricultural 
transformation is to accelerate the transformation of the agricultural development 
mode, shifting from extensive operations that mainly pursue output and rely on 
resource consumption to paying equal attention to both quantity and quality. In 
addition, The goal of China’s agricultural transformation focuses on improving 
competitiveness, agricultural science and technology innovations, and 
sustainable development. The goals of CSA are to continuously improve 
productivity of the agricultural system, improve adaptability and resilience to 
climate change, reduce GHG emissions and enhance carbon sequestration 
capacity. Obviously, both CSA and China’s agricultural green development attach 
much importance to resource and environmental concerns, high output, product 
quality and safety, resource conservation, and environmental sustainability and 
resilience. In recent years, China’s agricultural development has attached more 
and more importance to climate change adaptation and mitigation, disaster 
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prevention and mitigation, carbon sequestration and emissions reduction, and 
many other aspects.
 The CSA concept does not seem to have underpinned the process of 
agricultural development/transformation in China. However, demonstrations of 
the concept in limited areas have proven highly effective. Developing CSA is 
conducive for China to extensively participate in global governance and 
implement international conventions on climate change. Such participation will 
enable China to substantively integrate into the mainstream direction of 
international sustainable agricultural development, and strongly boost the 
chances of reaching the carbon peak by 2030 and achieving carbon neutrality 
by 2060. Furthermore, China has a good basis for promoting energy conservation 
and diminishing agrichemical (e.g. fertilizer and pesticide) application and 
emissions in agricultural production, promoting conservation agriculture (CA) 
(FAO, 2022a) (i.e. no tillage, soil organic cover and crop diversification) to 
increase farmland carbon sequestration, strengthening the construction of 
farmland infrastructure to increase resilience to climate disasters, and 
developing new technologies for modern smart agriculture. It is clear that 
China fully meets the needs and conditions for the CSA development. 
 The main challenges in China’s CSA development are the innovations of 
agricultural policies for incentives and subsidies, and innovations of technological 
models. First, it is necessary to solve the problems in agricultural subsidy policies, 
such as the complex channels and types, and conflicting objectives. Reform and 
innovation of agricultural support policies must be addressed. Second, it is 
necessary to establish production control standards and technological innovation 
systems that are compatible with policies and management systems, and to 
integrate these with modern intelligent equipment and information technology. 
At the same time, it is vital for China to extensively participate in international 
exchanges and cooperation, draw on and introduce advanced international 
concepts and technological models, and share the successful experiences and 
wisdom of China’s agricultural development.
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Chapter 1
Background and 
development status of 
China’s climate-smart 
agriculture 

This chapter first elaborates the synergetic goals of CSA and China’s agricultural 
green transformation: the features and development goals of CSA, its international 
development status, and support for China’s agricultural green transformation. 
Additionally, this chapter systematically summarizes the foundation and 
development status of China’s CSA, also including consideration of the 
importance placed by the Chinese government on disaster prevention and 
mitigation and ensuring the resilience of agriculture with stable and increasing 
productivity; the wide application of agricultural energy-saving and emissions 
reduction technologies; the improvement of agricultural carbon sequestration 
capabilities based on straw returning; sustainable intensification based on 
decreasing fertilizer and pesticide application; and pilot demonstrations for the 
climate-smart production of major crops in China. Finally, this chapter provides 
a complete introduction to the relevant policies and development strategies of 
China’s CSA, including the formulation of national CSA-related strategic plans; 
incentive mechanisms with ecological compensation as the core; and relevant 
technical subsidies and agricultural support policies.
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 1.1   CLIMATE-SMART AGRICULTURE (CSA) IS IN LINE WITH CHINA'S 
AGRICULTURAL GREEN TRANSFORMATION GOALS

1.1.1 The features and development goals of CSA
Ensuring food security and mitigating the impacts of climate change are the main 
challenges the world faces. According to the State of Food Security and Nutrition 
in the World 2021 (FAO et al., 2021), 720 to 811 million people faced hunger in 
2020, which means that an additional 118 million people faced hunger as a direct 
result of the COVID-19 pandemic. Furthermore, according to FAO estimates, 
about 660 million people may still face hunger in 2030. It is predicted that the 
global population will reach 9 billion in 2050, and 2.4 billion of the newly added 
population will live in poor developing countries. It is estimated that by 2050 food 
production will have to increase by over 50 percent to meet the pro jected 
demands from a growing population, diet shifts, and increasing biofuel 
consumption (OECD and FAO, 2021). Therefore, maintaining sustained and steady 
growth in agricultural productivity is vital to decrease poverty and ensure food 
security. However, climate change, characterized by rising atmospheric 
temperatures and frequent occurrence of extreme weather events, has brought 
varying degrees of impacts on global agriculture, especially on agricultural 
sustainability (IPCC, 2014). In recent decades, some countries and institutions 
have issued a series of policies to deal with climate change, increase farmers’ 
production and income, and develop sustainable agriculture. However, previous 
policies on climate change rarely covered agricultural production and they 
showed limited sustainability. 
 Based on this, FAO took the lead in proposing the concept of climate-
smart agriculture (CSA) at the Agriculture, Food Security and Climate Change 
Conference held in The Hague, the Netherlands, in 2010. CSA is a comprehensive 
system that requires comprehensive consideration of local climate, the natural 
environment, market demand, the economic and cultural environment, and other 
factors. It emphasizes realizing a sustainable increase in agricultural productivity 
and making contributions to poverty eradication, making agriculture more 
adaptable to climate change, diminishing GHG emissions, and improving the 
carbon sequestration capacity of agricultural production systems (FAO, 2013). 
The objectives of CSA mainly involve the following:

(1) Increasing agricultural productivity and income in a sustainable way: It is 
important to produce more and better food to improve nutrition security and 
boost income, especially for 75 percent of the world’s poor who live in rural areas 
and mainly rely on agriculture for their livelihoods. CSA comprehensively 
considers economic, social, and environmental factors to ensure food security. 
A sustainable increase in agricultural productivity and income guarantees food 
security in two ways: optimized productivity increases the food supply in 
households and local markets and increased income further ensures the food 
supply. The main strategies to increase sustainable agricultural productivity and 
income through CSA include improving resource use efficiency, diversifying 
production systems, and sustainably managing agricultural ecosystems, 
ecosystem services, and biodiversity in a way that can guarantee agricultural 
productivity for the future generations. Furthermore, it is essential to take a 
gender-responsive approach to CSA, which means that the particular needs, 
priorities, and realities of men and women are recognized and adequately 
addressed in the design and application of CSA so that both men and women 
can equally benefit (Asfaw and Maggio, 2016; Nelson and Huyer, 2016).
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(2) Adapting and building resilience to climate change: Resilience to climate 
change can be aided by decreasing vulnerability to drought, pests and diseases 
induced by climate change, and other climate-related risks and shocks, and 
improving capacity to adapt and grow in the face of longer-term stresses such as 
shortened seasons and erratic weather patterns. It is fundamental to establish the 
resilience of agrifood systems and producers to climate change and enable long-
term adaptation to climate change. The impact of climate change on agricultural 
production is increasing, which will seriously affect food availability and security. 
Shortages in the food supply will increase food prices (FAO, 2018b). The main 
strategies for enhancing the adaptability and resilience of agriculture to climate 
change include diversifying production systems, planning production activities to 
decrease risks and sensitivity, and adapting to changing conditions and sustainable 
management of agricultural ecosystems, ecosystem services, and biodiversity.

(3) Decreasing and/or removing greenhouse gas emissions: Decreases in 
greenhouse gas (GHG) emissions can be achieved by increasing energy 
productivity, avoiding deforestation from agriculture, and identifying ways to 
absorb carbon from the atmosphere. This emphasizes reducing both absolute 
emissions and the intensity of GHG emissions caused by agricultural activities 
and food production. The Paris Agreement on Climate Change calls for improving 
the ability to adapt to the adverse effects of climate change and enhancing 
climate resilience and low-GHG emissions development without threatening food 
production (Ramstad Wenger, 2021). The Intergovernmental Panel on Climate 
Change (IPCC) found that limiting global warming to 2.0 °C above pre-industrial 
levels would contribute to the achievement of the Sustainable Development 
Goals (SDGs). Climate change mitigation measures (Mayer, 2021) in agriculture 
are important initiatives for adapting to climate change. Key strategies to achieve 
the goal of minimizing or eliminating GHG emissions through CSA involve 
improving resource use efficiency, enhancing carbon sequestration capacity in 
agro-ecosystems, and replacing fossil fuel energy with renewable energy sources.

1.1.2 CSA has gradually become the mainstream approach of 
sustainable agricultural development worldwide
The United Nations 2030 Agenda for Sustainable Development (FAO, 2018b) 
systematically sets out 17 Sustainable Development Goals (SDGs) and 
comprehensively describes the implications of sustainable development. Climate 
change, agricultural production, natural resources, ecosystems, and food security 
are important components of the SDGs, which are well aligned with the goals of 
CSA. CSA aims to tackle three main objectives (FAO, 2021a): sustainably increasing 
agricultural productivity and income, adapting and building resilience to climate 
change, and decreasing and/or removing GHG emissions when possible. CSA 
offers the possibility of helping countries achieve the SDGs and the National 
Sustainable Development Strategy (NSDS). Developing CSA has gradually 
become a priority for countries striving to achieve sustainable development. The 
Global Alliance for Climate-Smart Agriculture (GACSA) was first established in 
New York in September 2014, with 18 countries (e.g. the United States of America, 
France, Nigeria, and the Philippines) and 32 international research institutions 
(e.g. FAO and CGIAR), and today it has almost 550 members. GACSA contributed 
to increasing dialogue, knowledge exchange and partnerships through an open, 
diverse and inclusive multistakeholder platform, designed to catalyse actions on 
enhancing agriculture, forestry, livestock and fishery practices and systems that 
increase productivity in a sustainable way, improve resilience and adaptation and 
reduce/sequester emissions.
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CSA has become one of the important political strategies and priority areas of 
agricultural development in many countries worldwide. In April 2015, the United 
States Department of Agriculture announced plans to establish climate-smart 
systems in agricultural and forestry organizations aimed at helping farmers, 
ranchers, forest owners, and rural organizations address climate change and 
promote energy conservation, emissions reduction, and carbon sequestration 
technologies. In January 2021, US President Biden issued an Executive Order 
on Tackling the Climate Crisis at Home and Abroad. This executive order laid 
out a series of actions for federal agencies to take regarding climate change 
mitigation and resilience, including directing the Secretary of Agriculture to 
collect stakeholder inputs on a climate-smart agriculture and forestry strategy. 
Italy’s climate-smart agricultural policies and development strategies are 
representative in Europe, with particular emphasis on “strengthening research, 
technological development, and innovation”, “promoting the competitiveness 
of small- and medium-sized enterprises in the agricultural sector and in the 
fisheries and aquaculture sector”, “promoting adaptation to climate change 
prevention and risk management,” and “protecting the environment and 
promoting the efficient use of resources”. (Borsetta et al., 2018; MiPAAF, 2015). 
Japan was an early participant in international climate-smart agricultural 
organizations. At the end of 2020, Japan released the 2020 Basic Plan for Food, 
Agriculture, and Rural Areas (MAFF, 2020), which pointed out the need to 
enhance agricultural productivity and improve the operational efficiency of 
agricultural supply chains through methods such as CSA and digital agriculture, 
and addressed various challenges encountered in climate change and organic 
production. In fact, the main Asian CSA practitioners in the early stages were 
some developing countries with poor agricultural groundwork, such as Viet 
Nam, Bangladesh, Pakistan, and Bhutan.

1.1.3 China’s agricultural green transformation needs the 
implementation of CSA
The overall strategic goal of China’s agricultural green development is to 
accelerate the transformation of the agricultural development model. It aims to 
transform from the extensive pursuit of high output and dependence on resource 
consumption to paying equal attention to both quantity and quality, and to focus 
on competitiveness improvement, agricultural science and technology innovation, 
and sustainable development. As a new agricultural development model and 
approach, CSA emphasizes adaptability, high efficiency, and emissions reduction, 
and eventually achieves triple wins of agricultural system resilience, increased 
production, and emissions reduction. The concept of CSA, which places greater 
focus on resources and environmental problems when addressing issues such 
as efficient output, product safety, resource conservation, and restoration, and 
environmental friendliness, is generally in line with the needs of China’s ecological 
civilization construction and agricultural green development strategy. Moreover, 
China’s agricultural development is paying more and more attention to climate 
change, disaster prevention and mitigation, and GHG emissions reduction. 
Therefore, CSA is generally in line with the strategic needs of China’s agricultural 
transformation and development, and its development goals and paths are 
basically in line with the green development of agriculture.

(1) The features and goals of China’s green agricultural transformation and 
development
Agricultural green development is a profound revolution in China’s agricultural 
development concept, which should be transformed from meeting the demand 
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for “quantity” to paying more attention to “quality”. For a long time, sustainably 
keeping crop yield high has been the main strategy to ensure national food security. 
Continuously increasing agricultural production is the basic goal of agricultural 
production development in China; however, long-term conventional cropping 
systems result in a monocropping structure, intensive use of productive soil, 
overuse of chemical inputs, high costs, and other problems. It is therefore imperative 
to establish a new agricultural system with sustainable intensification, coordinate 
the contradiction between “ecological sustainability” and “efficiency”, and combine 
conservation and ecological sustainability to optimize the productivity and 
competitiveness of the agricultural system, and to minimize biodiversity loss. 
However, as production increased, the net income from agricultural production 
showed a downward trend. After 2015, the input cost of grain production has 
exceeded the benefits, and the net profit has been negative (Figure 1).

Saving costs and increasing efficiency without damaging the environment are 
the keys to agricultural green development. These three factors are the key 
drivers of sustainable development in agriculture and can promote agricultural 
green development with scientific and technological innovations and 
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Figure 1
China’s agricultural production cost and profit showing dynamic changes (1991–2018)

SOURCE: Author’s compilation. Data sources from China National Bureau of Statistics. National Data from 
1991 to 2018. Cited 30 April 2021. https://data.stats.gov.cn
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improvements in human resources; optimize the agricultural output rate, resource 
use rate, and labour productivity; and realize the efficiency of agricultural savings.

The intrinsic attribute of agricultural green development is to place more 
attention on environmental sustainability. Agriculture is highly integrated with 
the environment and ecosystems; for example, rice fields, vegetable gardens, 
and orchards are all important agricultural ecological systems. Agriculture has 
developed rapidly during recent years; meanwhile, concerns are increasing about 
the ecological environment. To promote agricultural green development is to 
promote green production technology, speed up the management of outstanding 
problems in agricultural ecosystems, emphasize the green nature of agriculture, 
and link traditional knowledge to innovations.

The fundamental requirement of agricultural green development is to pay more 
attention to ecological conservation. Agricultural ecology is a community of life. 
For a long time, China’s agricultural production methods were extensive, the 
structure of agricultural ecosystems was unbalanced, and the function was 
degraded. To promote agricultural green development is crucial to accelerate 
the construction of ecological agriculture, promote a sustainable and circular 
economy agricultural development model, and make agriculture an ecological 
support for a green China.

Paying more attention to product quality is one of the important goals of 
agricultural green development. At present, most of the agricultural products in 
the food market are basic products, but there is an insufficient supply of high-
quality and branded products; this lack fails to meet the requirements of the 
consumption structure of the rapid upgrading of urban and rural residents. To 
promote agricultural green development is to increase the supply of high-quality, 
safe, and special agro-products, and to promote the supply of agricultural 
products meeting the demand for both quantity and quality.

Establishment of an agricultural green development technology system. The 
Ministry of Agriculture and Rural Affairs (MARA) issued the Guidelines on Green 
Development Technologies for Agriculture (2018–2030) (MARA, 2018a) and 
these guidelines proposed that by 2030, a comprehensive green-oriented 
agricultural technology system should be established by steadily increasing the 
rate of agricultural output and substantially increasing agricultural productivity, 
resource use efficiency and total factor productivity, and embarking on a path of 
agricultural modernization with high output, product safety, resource 
conservation, and environmental sustainability, thus establishing a strong engine 
for agricultural green development.

(2) Environmental resource conservation, carbon sequestration, and emissions 
reduction are at the core of realizing international commitments and green 
development
China’s agriculture is facing challenges such as high inputs, high consumption, 
overdraft of resources, and overexploitation, all of which have led to structural 
imbalances and functional degradation of the agricultural ecosystems and 
therefore threats to sustainability.
 China has a large population but limited water and land. The per capita 
agricultural land and freshwater resources are only one-third and one-quarter of 
the world average, respectively. The national average water shortage has been 
53.6 billion cubic metres for many years, of which there has been a shortage of 
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about 30 billion cubic metres of water in agriculture, especially in the dryland 
areas of Northern China. The effective use coefficient of farmland irrigation water 
is 0.53 in China, meaning that only 53 percent of the water is absorbed and used 
by crops (Liu et al., 2020). 
 China’s per capita agricultural land is only 0.1 hectare (ha, about 1.5 mu), 
and about 70 percent of the land is of low to medium output. The contribution of 
agricultural land fertility to grain production is only 52 percent, which is 20 percent 
to 30 percent lower than that of developed countries. In recent years, positive 
results have been achieved through the implementation of well-facilitated 
farmland construction and farmland quality protection and improvement actions, 
along with the development of water-saving agriculture. However, with the 
acceleration of industrialization and urbanization, the quantity and quality of 
cultivated land has decreased and the problem of insufficient and undistributed 
water resources remains acute.
 Agricultural non-point source pollution is an important problem that 
needs to be solved during agricultural green development. In 2019, MARA 
organized for experts to scientifically calculate and estimate the use efficiency 
rate of pesticides and released reports to the public. The use efficiency rate of 
pesticides in the three major food crops (grains, i.e. rice, maize, and wheat) in 
China was 39.8 percent, an increase of 1 percent over 2017, which is equivalent 
to reducing the use of pesticides by nearly 30 000 tonnes (Figure 2). However, 
the task of controlling and treating agricultural non-point source pollution 
remains challenging.
 Data from the Initial National Communication on Climate Change of the 
People’s Republic of China (MEE, 2004) show that methane and nitrous oxide 
(N2O) produced by China’s agricultural activities account for 50.2 percent and 
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Figure 2
Dynamic changes in the use of chemical fertilizer and pesticide in China (1950–2019)

SOURCE: Author’s compilation. Data sources from China National Bureau of Statistics. National Data from 
1950 to 2019. Cited 30 April 2021. https://data.stats.gov.cn
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92.5 percent of the country’s methane and nitrous oxide emissions, respectively, 
and GHG emissions from agricultural sources account for 17 percent of the 
country’s total emissions. Therefore, effectively exploiting the potential of carbon 
sequestration and emissions reduction in agricultural production and significantly 
improving agricultural soil health lie at the heart of green development.

 1.2  BASIS AND STATUS OF CSA DEVELOPMENT IN CHINA

1.2.1 Chinese government attaches great importance to disaster 
prevention and mitigation, and ensures the ability of stabilizing and 
increasing production in agriculture 

China’s agricultural production is vulnerable to climate change and natural 
disasters. From 1950 to 2019, the average annual disaster-covered areas in China 
were about 37 million ha and the average annual disaster-affected areas were 
about 17.5 million ha, which accounted for 27.8 percent and 13.1 percent of the 
total arable land, respectively (Figure 3). Drought and flood threats were the most 
frequent agrometeorological disasters and they seriously affected agricultural 
production. In 2013, the National Development and Reform Commission, together 
with the Ministry of Finance, the MARA, and another eight ministries, jointly 
issued the National Climate Change Adaptation Strategy (National Development 
and Reform Commission et al., 2013). This strategy clarified the direction of 
agricultural adaptation to climate change and particularly emphasized the need 
to strengthen agricultural monitoring and early warning, increase adaptation and 
mitigation to disasters, and enhance resilience in agricultural development. 

The capacity to predict agricultural disasters improves continually. China is 
paying more and more attention to agricultural disaster prevention and mitigation 
while ensuring stability and increases in agricultural output. Disaster forecasting 
and emergency response systems have been established in most parts of China. 
In addition, the training and education of relevant personnel have been gradually 
strengthened, and capacity at the grass-roots level has been improved, which 
greatly shortens the time for data and information analysis and transmission and 
improves the efficiency of information transmission and decision-making 
responses.

The reserves of disaster aid supplies have been strengthened. China officially 
began to implement the Ordinance on Relief of Natural Disasters (Chinese State 
Council, 2010) on 1 September 2010. This ordinance gives clear instructions to 
local governments on the work of disaster prevention and mitigation. China now 
has more than ten national storage facilities specifically for reserve materials. 
The capacity of local governments to prevent and mitigate disasters, stabilize 
production, and increase resilience has also been greatly strengthened.

The agricultural insurance system is being gradually optimized. China’s 
agricultural insurance industry has developed rapidly since 2007 and the central 
government’s financial subsidies have also been increased annually. At present, 
coverage through cropping insurance has been provided to all major grain-
producing areas in China and it basically covers the major crop production 
varieties in China. By 2012, the average annual growth rate of China’s agricultural 
insurance business had reached 95 percent, accumulated subsidy funds had 
reached 36.1 billion yuan, and the insured farmland area also exceeded 
67 million ha (1 billion mu), reaching 42 percent of the sown area.
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1.2.2 The application of agricultural energy conservation and 
emissions reduction technology is becoming more and more extensive
China has gradually developed and adopted various sustainable agricultural 
approaches and systems since the 1990s and has built many excellent ecological 
circular agricultural models in various parts of the country in accordance with 
local conditions, such as ecological agriculture (Cao, 2013), circular agriculture 
(Yin and Zhou, 2008), and precision agriculture (Zhao, 2010). For example, the 
pig-biogas-fruit circular agriculture model is widely used in South China; the 
pig-toilet-biogas-greenhouse ecological agriculture model is promoted in North 
China; the cellar-pig-toilet-biogas-greenhouse model is suitable for water-
deficient areas in Northwest China; the dike-pond ecological agriculture model 
is applied in the Pearl River Delta region; and there is a three-dimensional 
cultivation circular agriculture model that fully utilizes the comprehensive 
production capacity of the spatial structure (Zhang, 2004). In 2007, ten major 
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Figure 3
Disaster-covered areas and damage areas in China (1950–2019)

SOURCE: Author’s compilation. Data sources from China National Bureau of Statistics. National Data from 
1950 to 2019. Cited 30 April 2021. https://data.stats.gov.cn
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technologies for energy production and emissions reduction in agriculture and 
rural areas were proposed in China: use of crop residues, livestock and poultry 
manure for bioenergy production purposes; use of energy crops for bioenergy 
production; solar energy; small-scale power plants in rural areas; firewood-saving 
and coal-saving stoves; energy-saving farming systems in rural areas; agricultural 
input-saving; rural domestic sewage treatment; and energy-saving mechanisms 
for agricultural machinery and fishing boats.

China vigorously promotes conservation agriculture (CA) and circular economy 
approaches through integrated straw management. At present, the national 
promotion area of CA is close to 10 million ha and integrated straw management 
in the main grain production areas exceeds 70 percent. For integrated straw 
management, a series of soil conservation practices and circular economy 
technologies have been promoted: (i) use of straw to sustain soil fertility: e.g. 
keeping soil organic cover with crop residues and straw returning during no-
tillage practices, or composting chopped straw as organic fertilizer; (ii) use of 
straw as feedstock for bioenergy production: e.g. a large number of centralized 
biogas plants have been established in accordance with local conditions, and 
technologies of straw solidification moulding and gasification plants fed with 
straw for bioenergy and biochar production have been piloted; (iii) use of straw 
as livestock feed: e.g. straw silage and ammonization technologies; and (iv) use 
of straw as a raw material: e.g. using straw as a component for the litter in the 
production of edible fungi.

The Chinese government vigorously promotes agricultural chemical (fertilizer 
and pesticide) reduction actions to minimize agricultural non-point source 
pollution. China encourages farmers to increase the use of organic fertilizers, 
cultivate green manure crops, and adopt precision farming practices to improve 
nutrient use efficiency. Many studies have shown that the above-mentioned 
practices can achieve the same or even better fertilization effect. These results 
have also been widely used and promoted in actual agricultural production. In 
addition, China advocates the rational use of high-efficiency, low-toxicity, low-
residue pesticides and the adoption of advanced machinery and equipment for 
pesticide application. Some diversified and socialized professional plant 
protection service provision organizations have been established, implementing 
unified pest prevention and control and integrated pest management, along with 
promoting physical and biological pest control technologies.

Livestock and poultry manure use technology is widely used in China. Large and 
medium-sized breeding farms have grown rapidly in China and the discharge of 
livestock and poultry farming manure reached 4.5 billion tonnes in 2010. 
According to local contexts and other factors (e.g. natural conditions, economic 
conditions, breeding scale, and environmental carrying capacity), a scientific 
combination of multiple technologies and models has been adopted for manure 
disposal and use in a circular economy and agroecological approach. Manure 
use technologies include rural household biogas plants, large- and medium-scale 
biogas plants coupled with intensive livestock and poultry farms, and manure 
composting technology to produce organic fertilizer. 

China vigorously promotes energy-saving and emissions reduction technologies 
for agricultural production and rural life. This includes the use of energy efficient 
technology for agricultural machinery and of energy efficient technology (e.g. 
optimized stoves) for saving fuels (e.g. firewood and coal) in rural areas. In 
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addition, the replacement of traditional equipment with innovative firewood-
saving and coal-saving technology in rural areas has saved the firewood and coal 
equivalent of standard coal each year, thus helping farmers save more than 
CNY 20 billion in fuel expenses. This could decrease emissions of CO2 by 
204 million tonnes and sulphur dioxide (SO2) by 6.04 million tonnes. Therefore, 
the wide adoption of energy efficient technology and machines plays a critical 
role in achieving the objective of saving energy (and money), while contributing 
to GHG emissions reduction and environmental protection.

1.2.3 Agricultural carbon sequestration capacity has been improved 
through sustainable straw management in China
China’s annual straw output reached 1 billion tonnes, of which about 
900 million tonnes is collectable. The current use of crop straw mainly involves 
direct straw returning to the field, animal feed, fuel, and feedstock for bioenergy 
production. Among various use methods, direct straw returning to the field is 
widely recognized to be the most economical, environmentally friendly, and 
efficient measure. Straw returning can replenish certain nutrients to the soil; 
moreover, it can significantly contribute to sequestering carbon in the soil and 
to effectively improving soil quality and productivity, therefore contributing to 
food security and climate change mitigation. Straw returning mainly increases 
soil organic matter and in-soil water conservation thus improving soil fertility and 
reducing soil erosion. Effective straw returning can provide a rich carbon source 
for microorganisms in the soil, stimulate microbial activity, and improve soil 
fertility and biodiversity. 
 The increase of field soil carbon content in China during the past 30 
years is mainly a result of straw returning. The direct straw-returning technology 
includes stubble residue and straw mulching; the indirect straw-returning 
technology includes straw being used as a component of organic fertilizer (e.g. 
compost, manure and used mushroom-growing medium). In order to meet the 
needs of agricultural structural adjustment and agricultural green development, 
China’s central government provides open subsidies for agricultural machinery 
purchase to support straw returning and no-tillage management practices. 
Subsidies for the purchase of agricultural machinery have been applied to nine 
types of machinery, including subsoilers, stubble cutters, no-tillage seeders, 
straw-crushing and straw-returning machines, straw-briquetting machines, 
straw-puffing machines, straw-collecting machines, and straw-returning 
combined soil preparation machines. In 2019, the Chinese government arranged 
a total of CNY 1.3 billion in subsidies for the purchase of straw-crushing and straw-
returning machines, baling (squeezing) machines, and no-tillage seeders. The 
area under mechanized straw returning in China reached 64.3 million ha 
(815 million mu) in 2019.
 CA  (i.e. no-tillage, soil organic cover and crop diversification) can reduce 
GHG emissions by optimizing soil carbon sequestration capacity (FAO, 2022a; 
Farooq and Siddique, 2015). According to data released by the Department of 
Agricultural Mechanization of the Ministry of Agriculture and Rural Affairs 
(MARA), the proportion of farmland with straw returning of the three major crops 
(rice, wheat, and maize) in China was less than 25 percent before 2000. In 2010, 
the proportion of farmland with straw returning had reached 36.4 percent (rice), 
39.7 percent (wheat), and 23.5 percent (maize). At the end of 2016, China’s 
mechanized straw-returning area had exceeded 48 million ha, accounting for 
28.8 percent of the total sown area, which has played a critical role in improving 
China’s soil carbon sequestration (Zhang, 2016). Zhao et al. (2018) found that the 
average organic carbon storage of topsoil (0–20 cm) in China increased from 
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28.6 Mg C ha-1 in 1980 to 32.9 Mg C ha-1 in 2011, with an average annual net increase 
of 140 kg C ha-1; and this soil organic carbon sequestration was largely due to 
drastic changes in soil management practices induced by economic and policy 
incentives.

1.2.4 Sustainable agricultural intensification based on the reduction 
and minimization of agricultural chemical fertilizer and pesticide 
application
The process of agricultural intensification in China has accelerated continuously 
since the 1970s. Through the promotion and use of improved varieties, fertilizer, 
and pesticides, the land yield rate has increased markedly, and the problem of 
hunger has been basically solved. However, under the traditional agricultural 
intensification mode, the continuous increasing production has brought both 
increasing costs for resource inputs and increasing pressure on the ecological 
environment, which has made the agrifood system unsustainable. In 1980, the 
amount of chemical fertilizer used in China was only 12.69 million tonnes. In 2012, 
it reached 58.84 million tonnes, an increase of 4.6 times and an average annual 
increase of 14.4 percent. The national average apparent use efficiency rate of 
nitrogen fertilizer was less than 30 percent and the loss rate was more than 
50 percent. Because of excessive use of chemical fertilizer, more and more 
ecological problems began to appear in the environment and agricultural product 
quality. The annual amount of pesticide use exceeds 200 000 tonnes (scalar). 
However, only 20 to 30 percent of this amount is effective, while the remaining 70 
to 80 percent enters the water source and soil and becomes a serious source of 
pollution. At present, nearly 13.3 million ha (200 million mu) of farmland is polluted 
by pesticides nationwide, of which more than 50 million mu of farmland is 
moderately polluted. Because of the long-term excessive application of chemical 
pesticides such as herbicides, some agricultural land has even produced the 
“toxic soil” phenomenon, which has brought more serious ecological problems.
 In 2015, MARA clearly proposed the “one control, two reductions, and 
three basics” action for the first time. Among these, “two reductions” means 
decreasing and minimizing the total amount of fertilizer and pesticide application. 
After five years of implementation of the zero-growth action for the use of 
chemical fertilizer and pesticides, their use, and that of agricultural plastic film 
in China, has been effectively controlled. For the first time, the use of chemical 
fertilizer and pesticides has decreased year after year. According to calculations, 
in 2020 the use efficiency rate of chemical fertilizer was 40.2 percent for the three 
major grain crops (rice, wheat, and maize) in China, a increase of 5 percentage 
points over 2015. The use efficiency rate of pesticides was 40.6 percent, a increase 
of 4 percentage points over 2015.
 According to relevant documents from MARA, the area of organic 
fertilizer application in 2020 exceeded 36.7 million ha, an increase of about 
50 percent over 2015. The proportion of high-efficiency and low-risk pesticide 
exceeded 90 percent. Formulated fertilizer has accounted for more than 
60 percent of the total application for the three major grain crops. Mechanized 
fertilization area has exceeded 46.7 million ha and fertigation has covered 
9.3 million ha. In 2020, the area implementing green technologies for integrated 
pest management was nearly 66.7 million ha (1 billion mu). The green plant 
protection technology coverage rate for major crop diseases and pests was 
41.5 percent, an increase of 18.5 percent over 2015. There were 93 000 professional 
service organizations nationwide for unified pest prevention and control, and the 
coverage rate for diseases and pests of the three major grain crops reached 
41.9 percent, an increase of 8.9 percent from 2015.
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1.2.5 China has carried out pilot demonstrations for the climate-smart 
production of major grain crops
From 2014 to 2019, funded by the Global Environment Facility (GEF), China’s 
Ministry of Agriculture and Rural Affairs (MARA) and the World Bank jointly 
organized and implemented the China Climate-Smart Staple Crop Production 
(CSSCP) project. The CSSCP focused on the production systems of the three 
staple crops (rice, wheat, and maize) and 6 667 ha (100 000 mu) of demonstration 
areas were established in the main production areas, including Huaiyuan County 
in Anhui Province and Ye County in Henan Province, to carry out the wheat-rice 
and wheat-maize production systems with key technology integration and 
demonstration of issues such as emissions reduction and soil carbon increase, 
innovation and implementation of supporting policies, and expansion and 
improvement of public knowledge. The CSSCP project explored, integrated, and 
innovated the climate-smart agricultural approach system. This marked a new 
path for China’s green agricultural development, with the core purpose of “carbon 
sequestration, emission reduction, and stable grain harvest”. These provide 
examples of successful experiences and a technical model of the advantages of 
CSA in mitigating climate change and adapting crop production systems globally.
 The CSSCP project integrated the concept of carbon sequestration and 
emissions reduction into the entire production process, and optimized production 
systems and technology. The CSSCP focused on demonstrations of five key 
technologies: (i) precision formula balanced fertilization and mechanized high-
efficiency fertilization; (ii) precision application technology of pesticides and 
unified pest prevention and control; (iii) farmland levelling and optimized 
irrigation; (iv) CA and supporting farming system; and (v) comprehensive carbon 
sequestration practices for agro-forestry systems. The CSSCP aimed to optimize 
the use efficiency of fertilizer, pesticides, irrigation water, and other inputs, and 
the efficiency of agricultural machinery operations; promote water-saving, 
fertilizer-saving, pesticide-saving, land-saving, and energy-saving management 
practices; minimize carbon emissions from crop systems; and increase soil 
carbon storage. The accumulated carbon sequestration and emissions reduction 
in the project area reached 129 000 tonnes of carbon dioxide equivalents.
 The CSSCP is based on the selection of new crop varieties with high yield 
and strong stress resistance, optimized cropping structures, and improved 
agricultural infrastructure and other climate adaptability technologies. It 
optimized the overall efficiency, sustainability, resilience, and adaptability of 
agricultural production systems to the changing climate, ensured agricultural 
production under extreme weather, and ensured stable and increased crop 
production. The demonstration areas applied new technologies, products, and 
models, including CA, fertigation technology, drone direct seeding for rice, self-
propelled sprayers, electrostatic sprayers, paddy field duck (shrimp) mixed 
farming, biochar, and green manure planting. According to monitoring and 
calculations, the average annual crop yield in the CSSCP project area is 6.7 percent 
higher than in the non-project area, the output value has increased by 
CNY 9000 per ha (CNY 600 per mu), and the average net income of farmers has 
increased by 12.1 percent.
 The standard operating procedures compiled by the project team were 
incorporated into the agricultural industry standards, including the Climate-
Smart Wheat-Rice Production Technical Regulations, the Climate-Smart Wheat-
Maize Production Technical Regulations, and the Climate-Smart Crop Production 
Measurement and Monitoring Methods Regulations. Based on the project 
results and related international knowledge and experiences, a series of 
knowledge products were published such as the Theories and Modes of Climate-
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Smart Agriculture book series, which promoted knowledge exchange and 
resource sharing.

 1.3 CLIMATE-SMART AGRICULTURAL POLICIES AND STRATEGIES IN CHINA

1.3.1 Strategic plans at the national level
In 2013, the National Development and Reform Commission, together with the 
Ministry of Finance, the MARA and others, jointly issued the National Climate 
Change Adaptation Strategy (National Development and Reform Commission et 
al., 2013). This strategy clarified the direction of efforts to adapt agriculture to 
climate change: first, to strengthen agricultural monitoring, early warning 
systems, and disaster prevention and mitigation measures; second, to improve 
the adaptability and resilience of the planting industry; third, to guide the rational 
development of livestock, poultry, and aquaculture; and fourth, to strengthen the 
security of agricultural development. In 2016, the Thirteenth Five-Year Plan for 
Controlling Greenhouse Gas Emissions (Xinhua News Agency, 2016a) issued by 
the State Council clearly stated that low-carbon agriculture should be developed 
and ecosystem carbon sinks should be increased. In addition, in terms of policy 
and institutional innovation, China has begun exploratory pilots and 
demonstrations related to technology subsidies, incentive mechanisms, and 
policy guidance.
 In 2021, the Fourteenth Five-Year Plan for National Economic and Social 
Development of the People’s Republic of China and the Outline of Long-Term 
Goals for 2035 (Xinhua News Agency, 2021a) proposed developing a wide range 
of green production and lifestyles across the country by 2035, and carbon 
emissions will steadily decrease after reaching their peak. The plan also proposed 
that China should strengthen environmental protection management, develop 
water-saving agriculture and dryland farming, comprehensively implement the 
actions of pesticide and fertilizer reduction and minimization, control agricultural 
plastic film pollution and increase the film recycling rate, promote integrated 
straw management and resource use of livestock and poultry manure, and 
promote green agricultural transformation. The Fourteenth Five-Year Plan also 
clearly stated that China will actively respond to climate change, improve the 
dual-control system of total energy consumption and intensity, focus on 
controlling fossil energy consumption, implement a system with carbon intensity 
control as the mainstay and total carbon emissions control as a supplement, and 
improve the carbon sink capacity of the ecosystems.
 In 2015, MARA, the National Development and Reform Commission, and 
other departments issued the National Agricultural Sustainable Development 
Plan (2015–2030) (MARA et al., 2015). In 2017, the General Office of the Central 
Committee and the General Office of the State Council issued the Opinions on 
Innovating Systems and Mechanisms to Promote Green Agricultural Development 
(Xinhua News Agency, 2017a). In 2018, MARA issued the Technical Guidelines for 
Agricultural Green Development (2018–2030) (MARA, 2018a, 2018b) to vigorously 
promote the green development of China’s agriculture. China has now 
implemented five major actions for green development in the agricultural sector. 
The main contents include the following.

(1) The action of resource use of livestock and poultry manure. This action has 
established the resource use of livestock and poultry manure in major animal 
husbandry counties, implemented integrated planting and breeding projects, 
integrated and promoted the technical mode of resource use of livestock and 
poultry manure, improved the treatment capacity of livestock and poultry manure, 
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and strived to solve the problem of large-scale livestock and poultry farm manure 
pollution treatment and resource use issues.

(2) The action of replacing chemical fertilizer with organic fertilizer for fruits, 
vegetables, and tea. This action focuses on the dominant production areas, core 
production areas, and well-known brand production bases of fruits, vegetables, 
and tea, and promotes the replacement of chemical fertilizer with organic 
fertilizer, accelerates the resource use of livestock and poultry waste and crop 
straw, and achieves cost-saving, efficiency, and quality improvement.

(3) Integrated straw management action. This action promotes the use of straw 
as fertilizer, feed, fuel, raw material, and base material; strengthens the research 
and development (R&D) of new technologies, new processes, and new equipment; 
introduces subsidy policies such as for straw returning, storage and transportation, 
and processing and use; and establishes market-oriented operating mechanisms. 
In 2020, MARA and the Ministry of Finance jointly issued the Action Plan for 
Conservation Agriculture of Black Soil in Northeast China (2020–2025) (MARA, 
2020a) to further promote CA and integrated straw management in Northeast 
China. 

(4) Recycling of agricultural plastic film. This action comprehensively promotes 
decreasing the use of plastic film and promotes the use of thickened plastic film 
mulch as a substitute. It also promotes the establishment of recycling mechanisms 
for plastic film in various ways, such as trade-ins, handover by business entities, 
recycling by specialized organizations, and recycling by processing enterprises. 
Additionally, it encourages the development and promotion of agricultural film 
recycling technologies and machinery, supports the production and use of fully 
biodegradable agricultural film, and improves the monitoring network of residual 
mulch film pollution on farmland. In 2020, MARA, the Ministry of Industry and 
Information Technology, the Ministry of Ecology and Environment (MEE), and the 
State Administration of Market Supervision jointly issued the Agricultural Film 
Management Measures (MARA et al., 2020), which further promoted agricultural 
film recycling action.

1.3.2 China engages in exploring the incentive mechanism with 
ecological compensation at the core
In October 2008, the Third Plenary Session of the 17th Central Committee of 
China clearly stated in the Decisions of the Central Committee of the CPC on 
Several Major Issues to Promote Rural Reform and Development (Xinhua News 
Agency, 2008) that “the compensation system for agricultural ecological 
environment must be improved, along with the formation of an incentive 
mechanism that is conducive to protecting farmland, waters, forests, grasslands, 
wetlands, and other natural resources and biodiversity”. At present, China has an 
ecological compensation scheme for converting farmland to forests and 
watershed management. More and more pilot demonstrations have been carried 
out at the national and provincial (city, district) levels. It has actively explored 
methods, approaches, and measures for agricultural ecological compensation.
 The Fourteenth Five-Year Plan pointed out that it is crucial to improve 
the ecological protection compensation mechanism; enhance the transfer 
payment for key ecological function areas, important water system source areas, 
and nature reserves; and encourage beneficiary areas and protected areas, and 
upstream and downstream river basins, to implement horizontal ecological 
compensation, including financial compensation, industrial support, and other 
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forms. In 2016, the General Office of the State Council issued the Opinions of the 
General Office of the State Council on Improving the Ecological Protection 
Compensation Mechanism (Chinese State Council, 2016a), aiming to achieve full 
coverage of ecological protection and compensation by 2020 in important areas 
such as key ecosystems of forests, grasslands, wetlands, deserts, oceans, water 
bodies, cultivated land, and prohibited development areas, along with key 
ecological function areas. The compensation level is in line with the economic 
and social development status. Significant progress has been made in cross-
regional and cross-basin compensation pilot demonstrations. A diversified 
ecological protection compensation mechanism was initially established (and 
basically in line with China’s national contexts) to further promote the formation 
of green production methods and lifestyles.
 In terms of protecting the ecological environment and maintaining 
agricultural production capacity, China has a series of ecological protection 
projects and reasonable ecological compensation plans. Among them, critical 
policies related to agricultural production include “Conversion of farmland to 
forest and grassland” and “Rotation and fallow system”. In December 2020, the 
State Council promulgated the Regulations on Conversion of Farmland to Forests 
(Chinese State Council, 2020), which further standardized the detailed rules for 
conversion of farmland to forests, clarified the scope and related subsidy 
regulations, and further promoted the implementation of related policies. The 
Eleventh Five-Year Plan outline clearly stated that the policy of “Conversion of 
farmland to forest and grassland” should be implemented in areas with severe 
soil erosion and sandstorms. Since then, this has been continuously implemented 
in China as a routine measure and will be implemented in a large number of 
ecologically fragile areas and areas that are not suitable for agricultural production.
 In 2016, the Opinions of the General Office of the State Council on 
Improving the Ecological Protection Compensation Mechanism (Chinese State 
Council, 2016a) were issued by the General Office of the State Council. These 
opinions proposed establishing a green ecology-oriented agricultural ecological 
governance subsidy system and providing financial subsidies to farmers who 
implemented crop rotation and fallowing in groundwater funnel areas, heavy 
metal pollution areas, and severely ecologically degraded areas. In 2016, MARA, 
the Development and Reform Commission, the Ministry of Land and Resources, 
and another 10 departments jointly issued the Explore the Pilot Plan for the 
Implementation of the Cultivated Land Rotation and Fallow System (Xinhua News 
Agency, 2016b). This plan proposed that crop rotation would be piloted in 
Northeast China’s cold area and North China’s agricultural and pastoral zone, and 
that fallowing would be piloted in the groundwater funnel area, heavy metal 
polluted areas, and areas with severe ecological degradation.
 In September 2017, the General Office of the Central Committee and the 
General Office of the State Council issued the Opinions on Innovating Systems 
and Mechanisms to Promote the Green Agricultural Development (Xinhua News 
Agency, 2017a). These opinions proposed systemically establishing a green 
ecology-oriented institutional system and basically forming an agricultural 
development pattern that matches the carrying capacity of resources and the 
environment and is in harmony with production, the environment, and life. These 
opinions strive to achieve the maintenance of the amount and quality of 
agricultural land, rational extraction of groundwater, zero increase in the use of 
chemical fertilizer and pesticides, and full use of straw, livestock and poultry 
manure, and agricultural plastic film, to eventually achieve sustainable agricultural 
development, more prosperous lives for farmers, and more beautiful and 
habitable rural areas. In addition, the opinions present clear tasks and 
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requirements for optimizing the main functions and spatial layout of agriculture, 
strengthening resource protection and economical use, enhancing environmental 
protection and governance of production areas, maintaining and repairing 
agricultural ecosystems, and improving innovation-driven and restrained 
incentive mechanisms.

1.3.3 The Chinese government encourages innovative technology 
subsidies and agricultural support policies
China’s agricultural subsidy policy began in the 1990s. Since then, China has 
implemented more intensive price and circulation intervention policies for 
agricultural products such as grain and cotton, and gradually established an 
agricultural subsidy system focusing on direct subsidies for grain crops, for 
improved varieties, for the purchase of agricultural machinery and tools, and 
comprehensive direct subsidies for agricultural materials. In 2016, the Notice of 
the Ministry of Finance and the Ministry of Agriculture on Comprehensively 
Launching the Reform of the Three Subsidies in Agriculture (MARA, 2016) was 
issued. The three subsidies (crop quality seed subsidies, direct subsidies for grain 
farmers, and comprehensive subsidies for agricultural inputs) were combined 
into agricultural support and protection subsidies, and more attention was to be 
paid to the protection of agricultural land fertility and the appropriate scale of 
food production.
 In recent years, new agricultural business entities for production and 
management have gradually developed based on the rural land circulation 
policies, and they have become an important part of agricultural production and 
management in China. The Twelfth Five-Year Plan for National Agriculture and 
Rural Economic Development issued by the MARA in 2011 (MARA, 2011) proposed 
the development of various forms of moderate-scale operations in rural areas 
based on voluntary, profitable, and enhanced services in accordance with the law 
that would subsequently optimize the circulation and market of land contract 
management. This plan supports major professional households and large-scale 
producers, family farms (pastoral farms), farmers’ professional cooperatives, 
leading agricultural industrialization enterprises, and other business entities to 
develop various forms of moderate-scale operations. In 2014, the Central 
Committee and the State Council issued the Several Opinions on Comprehensively 
Deepening Rural Reform and Accelerating Agricultural Modernization (Xinhua 
News Agency, 2014). These opinions clearly propose encouraging farmers with 
capacity to accept transfer of the management rights of contracted land, 
therefore speeding up improvements in the market of land management and 
circulation, and supporting the development of new agricultural business entities. 
In 2016, the Notice of the Ministry of Finance and the Ministry of Agriculture on 
Comprehensively Launching the Reform of the Three Subsidies for Agriculture 
proposed adjusting 20 percent of the funds from the comprehensive subsidies 
for agricultural materials nationwide and focusing on supporting new business 
entities such as large grain farmers, family farms, farmer cooperatives, and 
agricultural socialized service providers and organizations. At the end of 2020, 
the Ministry of Finance and seven other departments jointly issued the Guiding 
Opinions on Further Strengthening the Management of the “All-in-one Card” of 
Financial Subsidy Funds for Benefiting the People and Agriculture (Ministry of 
Finance et al., 2020). These opinions clearly mentioned adjusting and optimizing 
the financial subsidy policy system for benefiting people and farmers, and 
establishing and improving a long-term monitoring mechanism to ensure that 
various relevant policies would be effective.
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In addition to direct subsidies for agricultural production, the Chinese government 
has implemented agricultural machinery purchase subsidies and minimum grain 
purchase price policies for a long time to support and protect food production. 
Since 2020, agricultural and rural departments and financial departments at all 
levels have accelerated the implementation of agricultural machinery purchase 
subsidy policies; strongly supported farmers in purchasing and using agricultural 
machinery; provided strong support for the mechanization of spring farming and 
summer production, management, and harvesting; and provided agricultural 
mechanization solutions and support for poverty alleviation.
 In 2016, the Ministry of Finance and MARA jointly issued and 
implemented the Administrative Measures for Agricultural Support and 
Protection Subsidy Funds (Ministry of Finance and MARA, 2016). These 
measures mentioned that agricultural support and protection subsidies are 
guided by green ecology and key actions will be taken to fully implement the 
subsidy funds, including verification of subsidy areas, establishment of a 
subsidy publicity system, “all-in-one card” issuance of funds, promotion of the 
construction of a farmers’ subsidy network, and strengthening of subsidy 
supervision. Additionally, in 2020, MARA proposed establishing special funds 
for organic fertilizer promotion and subsidy policies for organic fertilizer 
application.
 China’s agricultural subsidy policy has promoted the development of 
China’s agriculture and rural areas, but certain challenges have also emerged 
during the implementation. Therefore, agricultural subsidy reform in China still 
has a long way to go. First, the inefficiency of the policy implementation process 
has significantly diminished the policy’s effectiveness in agricultural subsidies. 
The barriers during implementation are still prominent, such as insufficient 
coordination and cooperation of subsidy policies, unbalanced structure of 
agricultural subsidies, irrational division of responsibilities between departments, 
scattered resources for subsidies, incomplete monitoring and evaluation system 
mechanisms, the disadvantages of managing inputs from multiple politicians, 
and unbalanced coordination. In turn, those barriers have led to excessively high 
transaction costs and low efficiency in the implementation of these subsidy 
policies. Second, subsidies are lacking for new agricultural business entities and 
related agricultural production services and few subsidies exist for agricultural 
technology extension, capacity building and technical skill training. 
 For the development of CSA in China, it is crucial to increase investment 
in sustainable agricultural production and adjust the agricultural subsidy policy, 
especially in adapting to climate change, stabilizing high yields, reducing 
emissions and increasing carbon sequestration.



©
 C

h
in

a 
A

g
ri

cu
lt

u
ra

l U
n

iv
er

si
ty

/X
io

n
g

ku
i H

e





   27

Chapter 2
Practices and 
achievements of China’s 
climate-smart agriculture

This chapter summarizes and analyses China’s specific efforts and achievements 
in CSA for climate change adaptation, increasing agricultural productivity, soil 
carbon sequestration, and GHG emissions reduction. These efforts involve (i) 
strengthening farmland construction and resilience to climate change and 
natural disasters through well-facilitated farmland construction, agricultural 
water conservancy projects and water-saving irrigation technologies, and 
farmland shelterbelt and agroforestry systems; (ii) enhancing agricultural 
productivity, carbon sequestration, and emissions reduction by structural 
adjustment and mode optimization; (iii) promoting carbon sequestration and 
emissions reduction in agricultural production by technical demonstration and 
extension through minimizing fertilizer and pesticide application, water-saving 
technology, soil erosion prevention measures, CA, and agroforestry; and (iv) 
applying intelligent agricultural technology and equipment, including fertigation, 
drone technology, precision agriculture, and the internet of things (IoT). 
Additionally, this chapter analyses case studies such as the China Climate-Smart 
Staple Crop Production (CSSCP) Project funded by the Global Environment 
Facility (GEF) for practices and achievements of CSA in China.

 2.1   STRENGTHENING FARMLAND CONSTRUCTION AND RESILIENCE TO 
CLIMATE CHANGE AND NATURAL DISASTERS

2.1.1 Well-facilitated farmland construction
In 2014, China issued the Well-facilitated farmland construction: General rules 
(MARA, 2014). It proposed comprehensively improving the quality of farmland 
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through government financial support to achieve concentrated and contiguous 
farmland with complete facilities, agricultural power facilities, fertile soil, improved 
agroecology, and disaster resilience. Additionally, it aimed to adapt farmland 
construction with modern agricultural production and management, ensure high 
yields, and designate well-facilitated farmland as permanently protected 
farmland. 
 The No. 1 Central Document (the first policy statement released each year 
by the Chinese central government) of 2021 (Central Committee of the CPC and 
State Council of People’s Republic of China, 2021) stressed the need to continuously 
strengthen well-facilitated farmland construction, focus on grain production 
functional areas and important agricultural production protection areas, improve 
input standards and construction quality, and reach the target of 6.67 million ha 
(100 million mu) of high-standard (i.e. well-facilitated) farmland construction. 
According to Chinese government plans, China will have constructed 66.7 million ha 
(1000 million mu) of well-facilitated farmland by 2022 to ensure national food 
security and the supply of staple agricultural products (MARA, 2021).
 Well-facilitated farmland construction is an important project to 
comprehensively promote rural revitalization and accelerate agricultural and 
rural modernization in China. Moreover, it is the core support for improving 

CASE: WELL-FACILITATED FARMLAND CONSTRUCTION IN YE COUNTY, HENAN 
PROVINCE

In accordance with the goal of “levelling and fertile fields, water conservancy 
facilities, unobstructed field roads, suitable forest network construction, advanced 
technology and application, high quality, high yield, and high efficiency”, 
the well-facilitated farmland construction project has been implemented. A new pattern 
of modern agricultural production with high yield and high efficiency has been 
formed, which has effectively improved the fertility, quality, and resilience of agricultural 
land. By the end of 2020, Ye County had 77 000 ha (1.15 million mu) of agricultural 
land and about 50 percent of the land has been formed into well-facilitated farmland 
(0.6  million  mu). The yield of wheat was stable at 6000 kg per ha (400 kg per mu), 
the yield of maize had stabilized at more than 9000 kg per ha (600 kg per mu), 
and the total grain output of staples at more than 600 000 tonnes.

Well-facilitated farmland construction in Ye County, Henan Province:
(left): wheat field in spring; (right): mechanized harvesting of wheat in summer.

SOURCE: Authors' own elaboration, China Climate-Smart Staple Crop Production Project.
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agricultural productivity. The Statistical Communiqué of the People’s Republic of 
China on 2019 National Agricultural Land Quality issued by MARA (MARA, 2020b) 
showed that the national average agricultural land quality grade is 4.76 (on a 0– 10 
scale), an increase of 0.35 vis-à-vis 2014. The first to third grades accounted for 
31.24 percent of agricultural land, the fourth to sixth grades accounted for 
46.81 percent of agricultural land, and the seventh to tenth grades accounted for 
21.95 percent of agricultural land. From 2000 to 2017, China’s total grain output 
increased continually. The grain production capacity index in 2017 was 0.64, 
which was a significant increase compared with the index (0.35) in 2000. 

2.1.2 Agricultural water conservancy projects and water-saving 
irrigation technologies
China’s agricultural development always attaches great importance to agricultural 
water conservancy projects and water-saving irrigation technologies. The 
development of farmland water conservancy is always a priority area in agricultural 
investment and construction. Since 2000, irrigation water consumption per 
hectare in China has declined from 6300 cubic metres to 5415 cubic metres, and 
the grain output per square metre of irrigated waterland has increased from 
1.33 kg to 1.75 kg. The effective use coefficient of farmland irrigation water 
increased from 0.43 to 0.52, the proportion of irrigation water consumption in 
total social water consumption decreased from 63 percent to 55 percent, and 
the effective irrigation area increased from 55 million ha to 63 million ha. Water-
saving irrigation measures increased grain yield by 10–40 percent (State Council 
Information Office, 2014).
 At present, 49 percent of the irrigated farmland in China produces 
75 percent of the food. The irrigated farmland area grew from 15.93 million ha in 
1949 to 67.14 million ha in 2016, ranking first in the world (Figure 4). High-efficiency 
water-saving irrigation technologies in farmland include low-pressure water 
pipelines, channel seepage control technology, micro-sprinkler technology, 
sprinkler irrigation technology, drip irrigation technology. The areas equipped 

CASE: THE CONSTRUCTION OF AN AGRICULTURAL WATER CONSERVANCY 
PROJECT IN HUAIYUAN COUNTY, ANHUI PROVINCE

Huaiyuan County received the Advanced County of Farmland Water Conservancy 
Infrastructure Construction in Anhui Province award for 14 consecutive years 
from 2005 to 2018, and it earned two national awards in 2008 and 2012. By the end 
of 2019, Huaiyuan had built 374 electric irrigation and drainage stations (904 sets, 
65 543 kilowatts); 1860 trunk and branch channels with total length of 3994 kilometres; 
9006 electromechanical wells for irrigation; 74 huge irrigated areas; and 147 well-
facilitated integrated management communities for paddy fields and forest roads, for a 
total of 41 000 ha (620 000 mu). The entire county has about 150 000 ha (2.26 million 
mu) of agricultural land, of which the effective irrigated area reached 105 000 ha 
(1.58 million mu), the waterlogging prevention area reached 89 300 ha (1.34 million mu), 
and the drought- and flood-resilient farmland area reached 86 700 ha (1.3 million mu). 
The water-saving irrigation area reached 22 700 ha (0.34 million mu). In the Climate-
Smart Agriculture Project Demonstration Zone in Huaiyuan County, farmland water use 
efficiency has increased by more than 50 percent (Chen et al., 2020).

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.

BOX 2
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Figure 4
China’s water-saving irrigation (top), waterlogging prevention (middle), and effective 
irrigation area (bottom), 1991–2019

SOURCE: Authors' own elaboration. Data sources from China National Bureau of Statistics. National Data 
from 1991 to 2019. Cited 30 April 2021. https://data.stats.gov.cn
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with sprinkler and micro-irrigation (i.e. spray irrigation, drip irrigation and 
infiltration irrigation) in China have reached 10 million ha. Moreover, the growth 
rate of sprinkler and micro-irrigation in China has been the fastest in the world 
over the past 10 years. China has a net increase of 1.33 million ha of high-efficiency 
water-saving irrigation every year, ranking second in the world.

2.1.3 Farmland shelterbelt and agroforestry system
The farmland shelterbelt, an important agricultural infrastructure programme in 
China, has the functions of carbon sequestration, soil and water conservation, 
pest prevention and mitigation, protection of biodiversity, improvement of soil 
fertility, and improvement of air and water quality. The Three-North Shelter Forest 
Project is a large-scale artificial forestry ecological project in Northwest, North, 
and Northeast China. Forest coverage in the project area increased from 
5.05 percent to 10.51 percent, covering 278 000 square kilometres of sandy land 
and 386 000 square kilometres of soil erosion area (Li, 2009). The Three-North 

CASE: THE CONSTRUCTION OF FARMLAND SHELTERBELT AND ITS 
COMPREHENSIVE BENEFITS IN THE PLAINS AREA OF HENAN PROVINCE

Henan is one of the most important production bases of grain, cotton, and oil 
commodities in China. The plains area currently has a forest area of 829 000 ha, of 
which 206 000 ha are shelterbelt. From 2008 to 2017, the Henan government organized 
and implemented a farmland shelterbelt expansion project, sand prevention and 
control project, and ecological corridor network construction project in the plains area 
and completed a total of 667 000 ha of afforestation. According to the Henan 
Academy of Agricultural Sciences’ continuous observations for more than 20 years, the 
farmland shelterbelt net formed by trees over 20 metres in height decreased wind 
speed by 35 to 40 percent, decreased evaporation by 10 percent, increased relative 
humidity by 6.3 percent, and increased soil moisture content by 6.1 percent. Additionally, 
within the farmland shelterbelt net, wheat yield increased by 6.8 to 17.6 percent, maize 
yield increased by 5.5 to 13.1 percent, peanut yield increased by 4.7 to 8.4 percent, 
and cotton yield increased by 8.3 to 12.8 percent. Dry-hot air disasters 
decreased from an average of 2.8 times per year in the 1980s to less than 1 
time per year now.

Farmland shelterbelt construction in the plains area of Henan Province:
(left): agroforestry system; (right): agricultural and shelterbelt system.

SOURCE: Authors' own elaboration. 
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Shelter Forest Project provides a better ecological environment and land 
resources for agricultural production, and it ensures the country’s food security.
 At present, the typical representatives of China’s agroforestry systems 
include the gum-tea system in the tropics, the mulberry-pond system, the low-
lying agroforestry system, the grain-sycamore agroforestry system in the North 
China Plain, and the widely distributed farmland shelterbelt system in the 
northern region. Compared with the simple agricultural land system, the 
productivity of the agroforestry system is 9.7 percent higher, feed and fuelwood 
supply can be improved by 22.4 percent, timber supply is increased by 
32.3 percent, and the ecological, social, and economic benefits are significant. 
Some studies showed that China’s agroforestry system will have a carbon 
sequestration potential of 38.0 Tg C (teragrams of carbon) per year in the next 
30 years, with an average carbon sequestration rate of 0.5 Mg C (megagramme 
of carbon) per ha per year (Ping, Wang and Lu, 2013). China has extensive 
practices of agroforestry systems in various regions. The agroforestry system 
has improved water use efficiency and enhanced carbon sequestration potential. 
Agroforestry has become an important measure for China’s food security, 
carbon sequestration, and emissions reduction. 

 2.2   ENHANCING AGRICULTURAL PRODUCTIVITY, CARBON 
SEQUESTRATION, AND EMISSIONS REDUCTION BY STRUCTURAL 
ADJUSTMENT AND MODE OPTIMIZATION

2.2.1 Structural adjustment in agriculture
Since the 1980s, China’s structural adjustment in agriculture has undergone four 
phases. (1) Since 1985, the “Ya Liang Kuo Jing movement” (limit food crop and 
improve cash crop development) led to rapid development of cash crop 
production. (2) From 1995 to 1998, the “high yield, high quality, and highly efficient 
movement” promoted the development of high-quality varieties, but food 
production was further compressed. (3) Starting in 2004, the “recovery and 
improvement of food productivity movement” has resulted in the highest grain 
production ever, but the cost-benefit problem became more and more prominent 

CASE: THE OPTIMIZATION OF PLANTING PATTERNS IN HUAIYUAN COUNTY, 
ANHUI PROVINCE

From 2015 to 2018, in the project demonstration area in Huaiyuan County, crop rotation 
patterns included rice-rapeseed and rice-milk vetch (green manure), and ways of structural 
adjustment and pattern optimization have been explored. The economic benefits of rice-
rapeseed compared with the traditional rice-wheat system are basically close. Although 
the economic benefits of rice-milk vetch are 20 to 30 percent lower than those of the 
traditional rice-wheat system, the annual GHG emissions are significantly diminished in 
the rice-milk vetch pattern. Compared with the rice-wheat system, the nitrous oxide (N2O) 
emissions of rice-rapeseed and rice-milk vetch declined by 12.4 percent and 33.9 percent, 
respectively. Annual methane (CH4) emissions were not significantly different, but the 
annual global warming potential (GWP) of rice-rapeseed and rice-milk vetch declined by 
14.5 percent and 29.6 percent, respectively (Chen et al., 2020). 

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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and grain stocks and imports have repeatedly reached record highs. (4) Beginning 
in 2015, major structural adjustment has focused on promoting agricultural 
supply-side structural reform and green development.
 From the perspective of developing CSA, structural adjustment in 
agriculture is important to improve the efficiency, resilience, adaptability, and 
emissions reduction potential of agricultural systems. Maize, wheat, and rice in 
the main agricultural areas of China have absolute dominance, but a few other 
crops are involved in rotations. The highly intensified planting system always 
requires high levels of inputs such as chemical fertilizer and pesticides. In 
addition, the high intensification of crop production leads to a monocropping 
structure, which compromises the capacity of ecosystems to produce goods and 
services and constrains the adaptation of farming systems to climate change 
(Folke, 2006). Ensuring the diversity of crop production systems is essential for 
enhancing resilience, economic stability, and profitability. Constructing a 
diversified planting system is particularly important for CSA. This helps with pest 
and disease management and directly affects yield and income. Furthermore, a 
diversified planting system is not only an effective means for enhancing the 
adaptability of the production system but is also an important means of achieving 
carbon sequestration and emissions reduction.

2.2.2 Diversified farming systems
The combination of plant production and livestock, poultry, or aquaculture 
(diversified farming systems) is an agroecological pattern that closely connects 
crop production and animal production. It creates a circular scheme to maximize 
the use of agriculture system product, by-products, and waste and residues; for 
instance, by using manure as a fertilizer for plant production or using plant 
products or crop residues as feed for animal production so that the material and 
energy are valorized between animal and plant production, efficiency of use is 
increased. Accelerating the development of circular agriculture with the 
diversification of farming systems is important for improving agricultural resource 
use efficiency, protecting the agricultural ecological environment, and promoting 
green development of agriculture, and also for achieving cost savings within the 

CASE: THE OPTIMIZATION OF CROPPING PATTERNS IN YE COUNTY, HENAN 
PROVINCE

The project demonstration area in Ye County tried new cropping patterns of 
winter wheat-summer soybean and winter wheat-summer peanut from 2015 to 2018. 
The annual CH4 and N2O emissions for the wheat-maize rotation pattern are 
between -1.25–1.06 kg C per ha and 8.59–14.96 kg N per ha, respectively. GWP is from 
3986 to 6964 CO2-eq and emission intensity is 0.22–0.45 CO2-eq per kg per ha. 
The total CH4 and N2O GHG emissions and GWP of the wheat-soybean and wheat-peanut 
rotation cropping patterns are significantly less than those of the wheat-maize pattern. 
This was mainly because soybeans and peanuts are nitrogen-fixing crops and the 
planting process does not require excessive fertilization, thus decreasing N2O emissions 
caused by chemical fertilizer input. At the same time, the rotation of wheat, legumes, 
and cash crops can also increase economic benefits by 8 to 10 percent. 

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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farming systems. Rice mixed farming is a classic agroecological model in China. 
Through the culture of fish, shrimp, crabs, ducks, and other aquatic animals in 
rice fields, the entire system makes full use of the light, heat, water, and biological 
resources of the farmland. Moreover, this model could increase farmers’ income 
and it is conducive to food security, food safety, and ecological conservation.
 In recent years, the rice mixed farming model has undergone rapid 
development and application nationwide, which has significant ecological, 
economic, and social benefits. In 2020, the mixed farming and polyculture area 
of   rice exceeded 2 million ha nationwide. Among these, the main rice mixed 
farming and polyculture models include rice-duck, rice-shrimp, rice-fish, rice-
crab, and rice-loach. These models can effectively prevent insect pests, diseases, 
and weeds; minimize use of herbicides, insecticides, fungicides, and other 
chemical pesticides; and decrease environmental pollution. The weed control 
effect of the rice-duck combined production system can control 97 percent of 
the weeds and the rice-crayfish system can control 77 percent of the weeds 
(Wang et al., 2019). Moreover, in the long-term rice-shrimp ecological cultivation 

CASE: THE DUCK-RICE MODEL IN HUAIYUAN COUNTY, ANHUI PROVINCE

In 2018, Anhui Difa Agricultural Technology Co., Ltd., a demonstration base for the 
Climate-Smart Crop Production project (CSSCP), raised ducks on 200 ha (3000 mu) 
of rice fields. The company sold 1.7 million kg of new varieties of rice at a price of 
CNY 3.6–5.6 per kg and sales reached CNY 7.2 million. The added value and brand 
recognition of the rice products of the duck-rice system were significantly higher than 
that of general rice products due to low inputs of fertilization and pesticides. In addi-
tion, 30 000 ducks have been raised in paddy rice fields and the duck growth cycle is 
only 130 days. The net profit is CNY 12 per duck and the total net income of ducks is 
CNY 360 000. With the support of the project, new models of mixed farming such as 
rice and loach, crayfish, and lotus root have been explored and improved. The demon-
stration base has become a model for local structural adjustment and pattern optimization in 
agriculture and provided technological support for increasing agricultural productivity
and agroecological functions (Chen et al., 2020).

Huaiyuan rice mixed farming system:
(left): rice-duck system; (right): rice-crayfish system.

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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system, insect pests have declined significantly, and Nilaparvata lugens Stal., 
Chilo suppressalis, and Cnaphalocrocis medinalis have been effectively controlled 
(Cao et al., 2017). The rice mixed farming system has decreased GHG emissions 
from the integrated rice cultivation model by at least 40 percent (Xu et al., 2017).

2.2.3 The integration of industries
The green development of agriculture in China is not only a simple issue of green 
production but is also closely linked to structural adjustment, urban-rural 
integration, rural revitalization, and farmers’ prosperity. Promoting the integrated 
development of primary, secondary, and tertiary industries with ecological green 
development as the main thread, extending the agricultural industry chain and 
value chain, expanding agricultural functions, and developing new agricultural 
models are the main development trends and tasks at present and in the long 
term. In 2015, the General Office of the State Council issued Guiding Opinions of 
the General Office of the State Council on Promoting the Integrated Development 
of the Primary, Secondary, and Tertiary Industries in Rural Areas (Chinese State 
Council, 2016b). It clearly pointed out that promoting the integrated development 
of primary, secondary, and tertiary industries in rural areas is important for 
broadening the channels for farmers to increase income and build a modern 
agricultural industry. Moreover, this is crucial to accelerating the transformation 
of agricultural development and exploring the path to agricultural modernization. 
In 2016, the National Development and Reform Commission, Ministry of Finance, 
MARA, and seven other departments jointly issued the Implementation Plan for 
the Pilot Demonstration of Rural Industrial Integration Development (National 
Development and Reform Commission et al., 2016). It mentioned that the central 
government finances the construction of pilot industrial integration nationwide. 
In 2017, the Opinions of the Central Committee of CPC and the State Council on 
Deepening the Reform of Agricultural Supply-Side Structural Reforms and 
Accelerating the Cultivation of New Drivers for Agricultural and Rural Development 
(Xinhua News Agency, 2017b) again stressed the need to adjust the agricultural 
production structure and promote the integrated development of primary, 
secondary, and tertiary industries.
 The core of industrial integration is to build a multifunctional agricultural 
development model that combines production, ecology, and life service functions. 
It contributes to providing agricultural and side-line products, promoting social 
development, maintaining political stability, inheriting history and culture, and 
positively regulating natural and agricultural ecology. International agriculture 
studies showed that when per capita gross domestic product (GDP) is higher than 
USD 10 000, the direct economic contribution of agricultural production becomes 
very low, whereas the ecological and living functions of agriculture beyond its 
production function become more prominent. In recent years, the central 
government and local governments have expanded the functions of agriculture 
and promoted the deep integration of agriculture and tourism, education, culture, 
health, and elderly care and other industries. The development of agricultural 
tourism, leisure, and cultural tourism has been given high priority and policy support. 
However, the emphasis on and support for the development of ecological functions 
such as biodiversity and agricultural natural habitat conservation, construction of 
the ecological pattern of agricultural production, carbon sequestration, emissions 
reduction, and climate change response is far from enough.
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 2.3   PROMOTING CARBON SEQUESTRATION AND EMISSIONS REDUCTION 
IN AGRICULTURAL PRODUCTION BY TECHNICAL DEMONSTRATION 
AND EXTENSION

2.3.1 Minimizing chemical fertilizer application 
The extensive use of chemical fertilizer has not only increased production costs 
but also led to a negative impact on the environment and a decline in sustainable 
agricultural productivity and a consequent biodiversity loss. In recent years, the 
Chinese government has issued a series of policies and technical measures to 
minimize the use of chemical fertilizer and optimize its use efficiency. Since 2005, 
MARA has implemented soil testing and formula fertilization (Zhang et al., 2012) 
across the country, based on 484 counties of the National Quality Food 
Programme. Focusing on the four staple food crops (rice, wheat, maize, and 
soybeans), this programme highlighted the key areas of rationally determining 
the fertilizer amount, selecting fertilizer types, taking advantage of the critical 
fertilization period, and optimizing fertilization methods. It also highlighted the 
key links such as soil testing, formula fertilizer preparation, fertilizer supply, and 
fertilization. This programme recommended extensively organizing scientific 
and technical personnel to visit villages and households to offer production 
guidance in the field and making full use of modern communication methods 
(e.g. radio, television, and Internet) to carry out publicity, outreach, and technical 
guidance. In 2012, Opinions of the Ministry of Agriculture on Further Promoting 
Scientific Fertilization (MARA, 2012a) was issued, which proposed continuing to 
implement soil testing and formula fertilization, integrating supporting scientific 
fertilization technology, promoting mechanized deep application of chemical 
fertilizer, promoting fertigation technology, developing and using organic 
fertilizer and biofertilizer (e.g. microbial fertilizer), enhancing straw returning, and 
developing green manure appropriately. In 2015, MARA also issued the Action 

CASE: INDUSTRIAL INTEGRATION IN YE COUNTY, HENAN PROVINCE

Ye County actively promoted the integration and coordinated development of tertiary 
industry by extending the industrial chain, upgrading the value chain, and broadening 
the revenue-increasing chain. On the basis of steadily improving the productivity of 
staple grains (e.g. wheat and maize), the county relies on the leading industries for the 
production and processing of five special agricultural products: leeks, Chinese medicinal 
herbs, edible mushrooms, peppers, and livestock and poultry products. Ye County 
continued to promote the integrated development model of “industrial park + village 
collective economy” and planned and constructed special agricultural industries in 
different townships, including Leek Industrial Park in Rendian Town, Edible Mushrooms 
Industrial Park in Longquan Town, Wormwood Industrial Park in Changcun Town, Pepper 
Industrial Park in Liancun Town, Modern Agricultural Industrial Parks in Tianzhuang 
Township and Mazhuang Township, Recycling Agricultural Industrial Park in Xiali 
Township. Ye County also carried out ecological wheat planting pilots and developed 16 
circular animal husbandry demonstration farms, including Shuanghui, Guorun, Yiyuan. 
The number of agricultural industrialization management organizations has reached 100 
and the number of professional cooperatives has grown to 487. A total of 256 villages 
have a per capita annual income of more than CNY 100 000 (Chen et al., 2020).

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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Plan for the Zero Growth of Chemical Fertilizer Use by 2020 (MARA, 2015), which 
clearly outlined the measures to achieve zero growth of chemical fertilizer use 
and the focus of work in different regions. National chemical fertilizer use has 
gradually declined after reaching a peak of 60.23 million tonnes in 2015. In 2019, 
national chemical fertilizer use declined to 54.04 million tonnes and the coverage 
rate of national technology extension for soil testing and formula fertilization 
reached more than 90 percent.

2.3.2 Minimizing pesticide application
In 2015, MARA, the National Development and Reform Commission, and other 
departments together issued the National Agricultural Sustainable Development 
Plan (2015–2030) (MARA et al., 2015), which proposed the promotion of high-
efficiency, low-toxicity, low-residue pesticides, biological pesticides, and 
advanced pesticide application equipment, and promoted the unified control 
and integrated management of pests and diseases. In 2017, the Opinions of the 
Ministry of Agriculture on Strengthening Management and Promoting the Healthy 

CASE: CHEMICAL FERTILIZER REDUCTION PROJECT IN HUAIYUAN COUNTY, 
ANHUI PROVINCE

In 2020, Huaiyuan County promoted a total of 266 700 ha (3.99 million mu) for 
soil testing and formula fertilization technology and the area of formula fertilizer 
application was 230 700 ha (3.46 million mu). The area covered by soil testing 
and formula fertilization technology for wheat, maize, and rice reached more than 
93 percent. In 2020, the use of chemical fertilizer in Huaiyuan County declined 
by 7300 tonnes, which was a decrease of 14 700 tonnes (12.24 percentage points) 
compared with that in 2015. The use efficiency rate of chemical fertilizer for staple 
crops in Huaiyuan County increased to 41.26 percent, fertilization structure was 
further optimized, and organic fertilizer + mechanical deep application technology was 
widely promoted, which significantly prevented unwarranted fertilization 
and excessive fertilization, changed the traditional fertilization method, and 
increased the ratio of mechanized fertilization area to 40 percent.

Accurate fertilization in the field in Huaiyuan:
(left): conducting soil testing and formula fertilization in the field; (right): mechanized 
fertilization in the field. 

SOURCE: Authors' own elaboration. China Climate-Smart Staple Crop Production Project.
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Development of the Pesticide Industry (MARA, 2017a) were issued and these 
stressed that pesticide management must be strengthened, the excessive use 
and abuse of pesticides must be prevented, and unwarranted use of pesticides 
should be diminished. Specific measures include guiding farmers to select 
pesticides according to the cropping system, cropping pattern, and crop growth 
and development stages in different regions, and thus prevent cost increases 
and quality safety incidents caused by abuse of pesticides; supporting 

CASE: DEMONSTRATION OF PESTICIDE REDUCTION TECHNOLOGY IN HUAIYUAN 
COUNTY AND YE COUNTY

Each year, the project organized more than 10 training lectures and farmer field schools 
on crop disease and insect pest controlling technology as well as on-site training. 
These efforts greatly raised awareness and developed the capacity of local agricultural 
technicians and major grain growers. Additionally, this strengthened the dynamic 
monitoring and early warning of the occurrence of pests and diseases, actively promoted 
integrated green pest control technology, and established a demonstration zone for 
green prevention and control of major crop pests and diseases. It promoted high-yielding 
and resilient cultivation techniques such as varieties resistant to diseases and insect 
pests, seed coating and seed treatment technology, and scientific water management 
to improve crop resistance to diseases and pests. In addition, the projects promoted 
equipment and measures such as the frequency-vibration insecticidal lamp trapping 
and killing device, the solar insecticidal lamp trapping and killing device, upgrading 
and replacement of plant protection machinery and equipment, and overall control 
technology for mixed application in the stages and management of various diseases 
and pests. In 2020, the coverage rate of green technologies for pest prevention and 
control reached 43.7 percent in Huaiyuan County and the unified prevention and control 
coverage rate reached 45.2 percent. Pesticide use in 2020 declined by 1.6 percent vis-
à-vis that (254.7 tonnes) in 2019. In 2020, the coverage rate of green technologies for 
pest prevention and control surpassed 30 percent in Ye County, the coverage rate of 
professional unified prevention and control surpassed 40 percent, and the use 
of pesticides dropped by more than 2 percent.

Demonstration of pesticide reduction technology in the project area:
(left): precision pesticide application; (right): pest trapping device.

SOURCE: Authors' own elaboration. China Climate-Smart Staple Crop Production Project.
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professional plant protection service organizations to carry out unified pest 
control, thus improving effectiveness; promoting green technologies for pest 
prevention and control (e.g. biological control and physical control) and decreasing 
the use of chemical pesticides; focusing on the formulation of pesticide residue 
limit standards for vegetables, fruits, and special agricultural products; and 
initiating the formulation of pesticide residue limit standards for imported 
agricultural products. Additionally, in 2017, MARA issued the Action Plan for the 
Zero Growth in Pesticide Use by 2020 (MARA, 2017b), which concluded that the 
total amount of pesticide use in China has gradually decreased since 2013 and 
that the use of pesticides dropped from a maximum of 1.81 million tonnes in 2013 
to 1.39 million tonnes in 2019. The average annual decrease in pesticide use is 
nearly 70 000 tonnes and the use of pesticides has shown a gradual decline.

2.3.3 Water-saving and optimized irrigation technology
In 2007 and 2012, MARA issued the Opinions of the Ministry of Agriculture and 
Rural Affairs on Promoting Water Conservation in Farmland (MARA, 2007, 2012b). 
These opinions set out the work of national agricultural water conservation and 
stressed the need to continuously implement agricultural water conservation. In 
2015, the National Agricultural Sustainable Development Plan (2015–2030) 
(MARA et al., 2015) was jointly issued by MARA, the National Development and 
Reform Commission, and other departments. This plan clearly stated the 
development goals of water-saving agriculture: by 2020 and 2030, national 
agricultural irrigation water consumption should remain at 372 billion cubic 
metres and 373 billion cubic metres, respectively; the effective use coefficient of 
farmland irrigation water should reach 0.55 and 0.60, respectively; and, by 2030, 
the effective irrigation rate of farmland should reach 57 percent and the water-
saving irrigation rate should reach 75 percent. 
 Water-saving measures mainly involve the following: (1) Strengthening 
the construction of water-saving irrigation projects in staple crop production 
areas, severely water-scarce areas, and ecologically fragile areas; and promoting 
water-saving irrigation technologies (e.g. channel seepage prevention, pipeline 
water delivery, sprinkler irrigation, and micro-irrigation) and improving irrigation 
water metering facilities. (2) Strengthening the supporting water-saving 
transformation of the existing backbone projects in large- and medium-sized 
irrigation areas; strengthening the construction of small-scale farmland water 
conservancy projects supporting field projects in large- and medium-sized 
irrigation areas; and enhancing drought tolerance and comprehensive 
productivity. (3) Highlighting agronomic and engineering water-saving measures; 
promoting good agricultural practices for water-saving and soil moisture-
conserving; improving cultivation methods, adjusting planting structures, and 
promoting drought-tolerant varieties; and promoting agricultural water-saving 
technologies such as fertigation sprinkler irrigation, micro-irrigation, and pipeline 
water delivery irrigation. (4) Promoting total control and quota management of 
agricultural irrigation water, strengthening the management of agricultural water 
extraction permits, strictly controlling the use of groundwater; and strengthening 
the control of groundwater overextraction. 
 Since 2013, total agricultural water consumption in China has gradually 
decreased and the total agricultural water consumption in 2019 declined by 
nearly 24 billion cubic metres compared with 2013. The supply of groundwater 
dropped from the highest peak of 113.4 billion cubic metres in 2012 to 93.4 billion 
cubic metres in 2019. The national water-saving irrigation area in 2019 had nearly 
doubled compared with 2001, reaching 37.06 million ha.
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2.3.4 Mechanized straw returning and conservation agriculture
CA is one of the main approaches to sustainable agricultural development in 
China and worldwide (FAO, 2022a). It promotes minimum soil disturbance (i.e. no 
tillage and direct seeding), maintenance of a permanent soil cover (e.g. cover 
crops and residues) and diversification of plant species (e.g. crop rotations and 
intercropping). CA can bring agronomic, environmental and economic benefits. 
The implementation of no-tillage, soil organic cover, and crop diversification can 
control soil erosion and sand dust pollution and improve soil fertility, resilience 
to drought, and conservation of soil water. CA can save time and labour, as well 
as reduce costs (e.g. fuel, machinery operating costs and maintenance). At the 
same time, CA can significantly improve soil carbon sequestration, thereby 
effectively improving soil quality and productivity, and plays an important role in 
maintaining food security and mitigating climate change. 
 Since the 1990s, China’s research and demonstration work on CA has 
developed rapidly. In the arid areas of Northwest China, CA technologies such as 
no-tillage direct seeding and soil organic cover have been promoted and adopted. 
In the irrigated two-cropping area of North China, wheat straw returning and 
summer maize no-tillage seeding and mulching technologies have been 
vigorously developed. Demonstration and application of maize ridged cropping 
and stubble mulching cultivation techniques have begun in the one-crop-a-year 
dryland farming area in Northeast China. In 2020, MARA and the Ministry of 

CASE: ADJUSTED PLANTING SYSTEM AND IRRIGATION SYSTEM IN WUQIAO 
COUNTY, HEIBEI PROVINCE

Wuqiao is located in the northern part of the North China Plain. Since the 1980s, shallow 
groundwater in the North China Plain has declined at an average rate of 0.46 metres 
per year and deep groundwater has declined at an average rate of 1.14 metres per year, 
making the North China Plain the largest groundwater funnel area in the world. 

The water-saving project diminished the planting area of winter wheat, which        
replaced the traditional two-crops-a-year system with the two-year-three-cropping 
system, thereby significantly decreasing irrigation water consumption. Compared      
with the traditional two-crops-a-year system (winter wheat-summer maize), the two-
year-three-crops system (spring maize-winter wheat-summer maize) reduces annual 
water consumption by 9 percent and increases water use efficiency by 6 percent. 

Furthermore, the project adjusted the irrigation system, decreased the frequency            
of irrigation, and promoted the application of deficit irrigation by decreasing irrigation 
in critical stages to control the decrease in yield to within 10 percent while diminishing 
irrigation water use by more than 30 percent and increasing water use efficiency 
by more than 20 percent. The measures of water-saving and high-yield irrigation      
systems for winter wheat include one-time irrigation in wet years, two-times irrigation 
in normal years, and three-times irrigation in dry years, which is 1 to 2 times less than in 
traditional irrigation, and also expanding sprinkler irrigation and precision irrigation. The 
water-saving technology can achieve no or little decrease in output while  decreasing 
the irrigation volume by 50–80 cubic metres and increasing water use efficiency by 
15–18 percent (Chen et al., 2020).

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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Finance jointly issued the Action Plan for Conservation Agriculture of Black Soil 
in Northeast China (2020–2025) (MARA, 2020a) to further promote CA and 
integrated straw management in Northeast China. In the rice-wheat and rice 
double-cropping areas of South China, demonstrations of CA technology have 
also been carried out with no-tillage mulching and light cultivation. 
 At present, the extension and adoption areas of CA exceed 10 million ha 
(Yao, Cheng and Li, 2020). Because of China’s specific national contexts, such as 

CASES: MECHANIZED CONSERVATION AGRICULTURE AND INTEGRATED 
TECHNOLOGY OF AGRONOMY AND MECHANIZATION IN RICE-WHEAT SYSTEM IN 
HUAIYUAN COUNTY, ANHUI, AND WHEAT-MAIZE SYSTEM IN YE COUNTY, HENAN

From 2016 to 2019, the project area in Huaiyuan County organized and implemented    
the demonstration application of mechanized straw-returning technology for rice 
and wheat and the integration of agricultural machinery and agronomy technology 
for rice-wheat production. The project aimed to ensure the technical accuracy of CA 
technologies, including the height of the stubble, the length of chopped straw, the 
uniformity of straw spreading, the depth of seeding, the depth of irrigation, and the 
controlled application of nitrogen fertilizer. This not only reduced waste and the 
pollution caused by straw burning but also improved the organic matter content of soil 
by straw returning. By 2020, the comprehensive use rate of straw in the county had 
reached 93 percent. 

From 2016 to 2019, Ye County implemented demonstration of the high-quality straw 
returning and CA technology. Demonstration focused on improving the machinery 
for harvesting and seeding, increasing the farm power of mechanized operations, 
improving the quality of straw returning and the seeding quality of next-season crops, 
and optimizing the corresponding fertilization, irrigation, and disease and pest control 
technologies to build a high-yield, stable-yield, water-saving, and fertilizer-saving CA 
model. In 2020, the area of   mechanized straw returning in Ye County accounted for  
more than 90  percent and the adoption area of   CA technology exceeded 50 percent, 
which significantly promoted adoption of the climate-smart wheat-maize production 
system (Chen et al., 2020).

Conservation agriculture in Ye County:
(left): mechanized no-tillage seeding of summer maize; (right): maize seedlings and 
wheat stubbles.

SOURCE: Authors' own elaboration. China Climate-Smart Staple Crop Production Project.
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large areas of multicrop planting and insufficient large-scale agricultural 
machinery, the CA technology patterns and models in China are still different 
from other mainstream international technology models. China’s main crop 
production areas have the system of two or even three crops a year, using mainly 
small- and medium-sized machinery and equipment. In China’s CA technology 
model, no-tillage and straw returning still account for a relatively small portion 
compared with the main international technologies of CA. 

2.3.5 Agroforestry and carbon sequestration technology
Efficient, stable, and diverse agroforestry systems can not only coordinate the 
agricultural and forestry land use contradictions and efficiently use natural 
resources, but also protect the environment and increase carbon sinks. Therefore, 
agroforestry is widely appreciated and highly valued by many countries and 
regions. A large number of studies have shown that agroforestry systems can 
improve the microclimate. For example, farmland windbreaks formed by trees 
and other plants can slow down air flow, decrease soil erosion and water 
evaporation, improve the distribution and use of irrigation water in the system, 

CASE: CARBON SEQUESTRATION OF AGROFORESTRY SYSTEMS IN THE PROJECT 
AREAS OF HUAIYUAN COUNTY, ANHUI, AND YE COUNTY, HENAN

In the Huaiyuan project area, 7000 trees were planted around the farmland in 2016, 
achieving carbon sequestration of 143.94 tonnes. In 2017, more than 66.7 ha of 
afforestation area were completed and more than 20 000 Platanus tree seedlings and 
other trees were planted; the forest carbon sink captured 1118.02 tonnes of carbon 
per year. In 2018, more than 66.7 ha of afforestation area were completed and 20 000 
Platanus tree seedlings and other trees were planted; the forest carbon sink captured 
1672.03 tonnes of carbon per year. In the project area of   Ye County, 35 000 trees were 
planted from 2014 to 2019, which increased the carbon sequestration 
of trees by 1147.04  tonnes of CO2-eq (Chen et al., 2020). 

Agroforestry system in Huaiyuan:
(left): Farmland shelterbelt; (right): agroforestry system.

SOURCE: Authors' own elaboration. China Climate-Smart Staple Crop Production Project.
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and increase crop water use efficiency. Windbreaks have a buffering effect on air 
temperature changes and help to decrease high-temperature stress on crops 
and animals in the system. At the same time, the agroforestry system can improve 
soil fertility as the root system of forest trees and the litter of branches and leaves 
can provide organic matter for the soil. In China’s plains and main grain-producing 
areas, the local government has carried out tree planting and greening in 
residential areas, along field roads, and on both sides of channels. These 
agroforestry systems significantly increased the carbon sequestration capacity 
of the local farmland and contributed to protecting crop production and improving 
the ecological landscape. The agroforestry system is important to CSA.

 2.4   APPLYING INTELLIGENT AGRICULTURAL TECHNOLOGY AND 
EQUIPMENT TO IMPROVE PRODUCTIVITY

2.4.1 Fertigation technology
Fertigation technology is a system that involves dissolving fertilizer in irrigation 
water in volumes appropriate to the needs of the crop, delivering the dissolved 
fertilizer to each plant in the field through the irrigation pipeline, and so meeting 
the crops’ needs for water and nutrients in a timely and appropriate manner while 
also achieving automation and synchronous management and efficient use of 
water and fertilizer. The advantages of fertigation are that it is a water-saving, 
fertilizer-saving, and labour-saving system that also increases productivity and 
income. It is a resource-saving and environmentally friendly technology that is 
important for modern, green, and precision agricultural development. The 
research on and application of China’s integrated fertigation technology started 
in the 1970s. In recent years, fertigation has developed rapidly and has been 
adopted widely in China, and its related technical products and equipment have 
been continuously optimized. 
 The National Agricultural Sustainable Development Plan (2015–2030) 
(MARA et al., 2015) put forward specific targets for the need for fertigation 
construction and implementation of the fertigation plan. The Implementation 
Plan for Promoting Fertigation (2016–2020) (MARA, 2017c) outlined that by 2020 
the extension area of fertigation technology should reach 10 million ha, increase 
grain output by 22.5 billion kg, save 15 billion cubic metres of water, and increase 
effectiveness to a value of CNY 50 billion. In addition, this plan outlines targeted 
technical models for the different geographic and climate characteristics of each 
agricultural region. For example, the plan proposed promoting the integrated 
technology of drip fertigation for maize and potato in Northeast China; under-
mulch drip fertigation technology for maize, potato, and cotton in Northwest 
China; the integrated technology of micro-spray fertigation for wheat and maize 
in North China; and the integrated technology of rainwater harvesting and 
supplementary irrigation and fertigation for maize and potato in Southwest 
China.

2.4.2 Drone technology for seeding and pesticide application 
Drones can spray pesticides, seeds, powders and more for plant use and 
protection. The features of this technology are that it is highly efficient, intelligent, 
precise, and convenient to operate, and has been adapted and applied to different 
plots and crops. The first large-scale pesticide spraying by drones in Lishu 
County, Jilin Province in July 2010, marked the start of the use of drones in 
agricultural production. After 2014, as some local governments and relevant 
central departments successively introduced subsidy policies for the purchase 
of plant protection drones, the plant protection drone industry quickly adapted 



44   CLIMATE-SMART AGRICULTURE IN CHINA: FROM POLICY TO INVESTMENT

to agricultural production and kept increasing. The 2019 China Civil Drone 
Development Report issued by the General Aviation Branch of the China Air 
Transport Association showed that China had produced more than 170 varieties 
of plant protection drones by the end of 2019, with more than 55 000 drones 
operating over an area of  more than 56.7 million ha (0.85 billion mu) (China 
Aviation News, 2020). At present, China’s plant protection drones are mainly used 
for pest control in major field crops (e.g. rice, wheat, maize, and cotton), which 
can decrease the use of pesticide by more than 20 percent, save water by more 
than 90 percent, and increase the use efficiency rate of pesticides by more than 
30 percent. In terms of the number of drones and operation practitioners, the 
report predicted that by 2020 the number of plant protection drones in China 
could reach 100 000 and the number of practitioners for these drone operations 
could reach 400 000. Because of their obvious advantages in crop seeding, 
pesticide application, and fertilization, China has issued some relevant policies 
in recent years to support the use of drones in agricultural production.

2.4.3 Precision agriculture and internet of things technology
Precision agriculture is a system based on the use of digital technology and 
automation equipment to meet the needs of specific spatial variation, positioning, 
and timing, and quantitatively implement a complete set of modern agricultural 
operations and management. It is an innovative type of agriculture that integrates 
digital and intelligent technology with agricultural production. Additionally, 
precision agriculture is one of the key areas in the application of IoT technology 
(ITU, 2013). Precision agriculture is the field with the most urgent demand for IoT, 
but it is also the most challenging field. It has significant integrations with IoT 
technology. 
 China is actively promoting the application and development of 
agricultural IoT, which is of great significance to the integration of agricultural 
informatization and modernization. In recent years, the central government and 
local governments have carried out agricultural IoT demonstration projects in 
many places and a batch of agricultural IoT software and hardware models have 
been developed in many fields; these are factors that have played a positive role 

CASE: DEMONSTRATION OF FERTIGATION TECHNOLOGY IN THE PROJECT AREA 
OF   YE COUNTY, HENAN PROVINCE

The combination of fertigation and micro-sprinkler technology is a new type of 
water-saving precision irrigation technology that integrates micro-sprinkler irrigation 
and fertilization. With the help of a pressure system, the soluble solid or liquid fertilizer 
is sprayed through the main and branch pipes, then through the capillaries, to form 
a micro-spray which then evenly, regularly, and quantitatively enters the soil and is 
absorbed by the crops. At the same time, it has the advantages of saving water, fertilizer, 
and labour, which can also decrease agricultural non-point source pollution. In 2019, 
the project area in Ye County also demonstrated the application of new fertigation 
technology on 6.7 ha of wheat-maize. The irrigation water use efficiency rate increased 
by 70 percent, the nutrient use efficiency rate increased by 35 percent, and the average 
crop yield increased by 8 percent (Chen et al., 2020).

SOURCE: Chen, F., Wu, X., Wang, J., Zhang, W. & Yin, X., eds. 2020. Theories and Modes of Climate-
smart Agriculture. Beijing, China, China Agriculture Press. 200 pp.
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in promoting the development of modern agriculture. In 2013, the State Council 
issued the Guiding Opinions on Promoting the Orderly and Healthy Development 
of the Internet of Things (Chinese State Council, 2013) and initiated the 
implementation (e.g. top-level design, standard formulation, R&D of technology, 
application promotion, industrial support, business model, safety assurance, 
policies and regulations, and talent training) for the development of the IoT. The 
Thirteenth Five-Year Plan for Agricultural Science and Technology Development 
(MARA, 2017d) proposed that the proportion of China’s agricultural IoT and other 
information technology applications would increase from 10.2 percent in 2015 to 
17 percent by 2020 and the level of digital agriculture and intelligent production 
would be improved. Currently, the implementation of agricultural IoT is increasing 
exponentially. By 2020, the number of pieces of agricultural IoT equipment was 

CASE: DEMONSTRATION OF WHOLE-PROCESS AGRICULTURAL MANAGEMENT BY 
DRONES IN SEEDING, FERTILIZATION, AND PESTICIDE APPLICATION IN HUAIYUAN 
COUNTY, ANHUI

Aimed at tackling challenges such as low productivity, high labour intensity, and             
excessive use of pesticides and fertilizer in the rice production process, the project 
area employed drones for direct-seeding operations. The amount of seed used was 
45–75 kg per ha, the drone flying speed was 3–4 metres per second, and the sowing 
width was 5–7 metres , with a seeding efficiency 100-120 mu per hour (6.7-8 ha per hour). 
The seeding efficiency of the drones was 80–100 times higher than that of a manual 
operation and 60–70 times higher than that of tractor seeding. Seeding uniformity can 
achieve levels of 85 percent or more. This simplified the procedures of seedling nurs-
eries and transplanting, and reduced labour by 60–80 percent. Additionally, there are 
no GHG emissions during drone operations. Based on a fertilizer application amount of 
450–850 kg per ha (30–50 kg per mu), the operation efficiency of drones in applying 
solid granular fertilizer was 1.3–2.0 ha per hour (20–30 mu per hour), which was 15–30 
times higher than that of manual operations and achieved savings of 50–70 percent 
in labour. Field test results showed that the rice output of direct seeding by drones 
reached 7560 kg per ha and the output of conventional transplanting machinery was 
7455 kg per ha; thus, there was no significant difference in the rice output between 
drone direct seeding and mechanized transplanting (Chen et al., 2020).

Rice seeding (left) and pesticide application (right) with drone in Huaiyuan. 

SOURCE: Authors' own elaboration. China Climate-Smart Staple Crop Production Project.
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expected to have reached 75 million, representing an average annual increase 
of 20 percent.
 Agricultural IoT has achieved remarkable benefits in agricultural 
production practices. For example, agricultural technicians can use mobile 
devices to view environmental data transmitted remotely from the site to monitor 
crop growth status, including soil nutrient content, the suitability of soil 
composition for planting crops, soil temperature and humidity, crop planting 
density, insect intensity per unit area, and the identification of weeds in crop 
fields. During pest control and pesticide application, agricultural robotics can 
identify the surrounding crop environment through sensors in order to spray 
pesticides and precisely control the application amount. 
 Applying modern agricultural production theory, information technology, 
and intelligent equipment to the whole process of crop production and 
management can establish a high-efficiency modern crop production chain, thus 
realizing the transformation from extensive to precise production, and from 
empirical practice to intelligent management, which is the development trend 
for achieving green agricultural modernization. 
 Additionally, the intelligent greenhouse has a comprehensive 
environmental automation control system, which can directly adjust indoor 
temperature, light, water, fertilizer, air, and many other factors to mitigate the 
impact of climate change on agriculture. It can achieve high annual production 
of horticulture crops (e.g. vegetables, fruits, and flowers) and good economic 
benefits. In recent years, with the rapid development of facility agriculture and 
protected cultivation (e.g. vegetable greenhouses), intelligent greenhouses have 
been accelerating the development of precision agriculture.
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Chapter 3
Opportunities and 
challenges facing China’s 
climate-smart agriculture 

This chapter analyses the potential contribution of CSA to China’s carbon peak 
and carbon neutrality as well as the needs for technological, institutional, and 
policy innovations. In addition, this chapter discusses the opportunities and 
challenges facing CSA development in China and systematically summarizes the 
development and current trends of high-efficiency and low-carbon technologies 
worldwide. Moreover, it puts forward the needs for innovation of green and low-
carbon agricultural technologies as well as the challenges and related tasks in 
China. Furthermore, this chapter analyses and compares the differences between 
the European Union’s Common Agricultural Policy (CAP), the European Green 
Deal and others with China’s policies. It also proposes the direction and key tasks 
of China’s CSA-related policy and institutional innovations. 

 3.1   CARBON PEAK AND CARBON NEUTRALITY REQUIRE ACTIVE 
CONTRIBUTIONS FROM CHINA’S AGRICULTURE

3.1.1 China’s carbon peak and carbon neutrality strategy

Carbon peak and carbon neutrality have become China’s national strategy and 
common commitment worldwide for green and low-carbon development. This 
is a long-term political signal for China’s low-carbon transition economy. China 
proposed the carbon neutrality and carbon peak strategy in 2015. It aimed to 
peak carbon dioxide emissions by 2030, to achieve these goals as quickly as 
possible and to decrease carbon dioxide emissions per unit of GDP by 60 to 
65 percent compared with 2005. In November 2016, the Thirteenth Five-Year 
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Plan for Ecological Environmental Protection (Chinese State Council, 2016c) 
issued by the State Council clearly stated that the comprehensive management 
of the agricultural and rural environment should be accelerated and compliance 
with emissions and pollution reduction should be promoted in a comprehensive 
way. In May 2019, the State Council proposed the Guidelines for the Implementation 
of Carbon Neutrality in Large-scale Events (Trial) (MEE, 2019) for the carbon 
neutral strategy, which standardized the implementation details of carbon 
neutrality in large-scale events. On 22 February 2021, the State Council issued 
the Guiding Opinions on Accelerating the Establishment and Improvement of a 
Green and Low-Carbon Circular Development Economic System (Chinese State 
Council, 2021), which proposed accelerating the establishment of an economic 
system with optimized, green, and low-carbon and circular development. At the 
75th United Nations General Assembly in September 2020, President Xi Jinping 
stated that China was striving to achieve its carbon peak by 2030 and carbon 
neutrality by 2060.

The Chinese government has already taken action to promote the implementation 
of carbon peak and carbon neutrality through policy formulation and 
implementation. In October 2020, the Proposals of the Central Committee of the 
Communist Party of China on Formulating the Fourteenth Five-Year Plan for 
National Economic and Social Development and the Long-term Goals for 2035 
(CCTV News, 2020) proposed that green production and lifestyle measures 
should be widely developed and adopted by 2035, carbon emissions should fall 
steadily after reaching their peak, and the ecological environment should be 
fundamentally improved. In December 2020, the Central Economic Work 
Conference set carbon peaking and carbon neutrality as one of the eight key 
tasks for 2021. It stressed promptly formulating an action plan for peaking carbon 
emissions by 2030 and prioritizing support to areas where conditions already 
permitted reaching the carbon peak. During the Fourth Session of the Thirteenth 
National People’s Congress of the People’s Republic of China and the Fourth 
Session of the Thirteenth National Committee of the Chinese People’s Political 
Consultative Conference in March 2021, Chinese Premier Li Keqiang proposed 
strengthening pollution prevention and ecological protection, continuing to 
improve environmental quality, and concretely implementing all tasks in achieving 
carbon peak and carbon neutrality.

Various ministries and commissions of the Chinese government have issued 
policies and guidance on carbon peak and carbon neutrality to promote the 
implementation of relevant strategies. In December 2020, the National 
Development and Reform Commission, the Ministry of Science and Technology, 
the Ministry of Industry and Information Technology, and the Ministry of Natural 
Resources jointly issued the compilation of the Green Technology Promotion 
Catalog (2020) (National Development and Reform Commission et al., 2021). It 
proposed developing and promoting new green technologies that will effectively 
reduce agricultural carbon emissions. It is important to tackle the challenges in 
agricultural production of waste products such as straw and others by developing 
integrated biomass refining technology and rapid thermal pyrolysis technology 
of biomass ceramic heat carriers, and by promoting decreasing antimicrobial 
residue in manure and manure use for fertilizer technologies. The Ministry of 
Ecology and Environment (MEE) issued the Administrative Measures for Trading 
of Carbon Emission Rights (for Trial Implementation) (MEE, 2020), which further 
strengthened the control and management of GHG emissions and provided a 
more powerful legal guarantee for accelerating the construction of a national 
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carbon trading market under the new normal. MEE held the 2021 National 
Conference on Ecological and Environmental Protection in Beijing. It stressed 
that formulating and implementing the action plan for peaking carbon emissions 
by 2030 is one of the eight key tasks to be tackled in 2021. It also proposed 
accelerating the construction of a national carbon trading market, promoting 
low-carbon piloting provinces and cities, developing capacity to adapt and 
mitigate climate change at the local level, and formulating the National Climate 
Change Adaptation Strategy 2035. 

3.1.2 The potential contribution of carbon peaking and carbon 
neutrality in agriculture
The United Nations Intergovernmental Panel on Climate Change (IPCC) pointed 
out in its 2019 report that agricultural GHG emissions reduction potential is huge. 
By optimizing field management, farmland can reduce CO2 equivalent (CO2-eq) 
emissions by 5.5×1012 tonnes per year, accounting for about 20 per cent of global 
annual GHG emissions (IPCC, 2019). It is estimated that global methane (CH4) 
emissions from agriculture account for 50 percent of total CH4 emissions from 
human activities, and nitrous oxide (N2O) accounts for 60 percent. If no additional 
agricultural policies are implemented, it is estimated that by 2030 agricultural 
emissions of CH4 and N2O will increase by 60 percent and 35– 60 percent 
respectively compared with 2005. To address global climate change, it is 
imperative to implement a carbon-neutral development model that can decrease 
agricultural carbon emissions and increase agricultural carbon sequestration. 
According to data released by FAO (FAO, 2019a, 2021b), with CO2 equivalent set 
as the measure for global agricultural emissions during the period 1990 to 2017, 
the main sources of carbon emissions from agriculture were ruminant enteric 
fermentation (39.6 percent), livestock and poultry manure residue and 
management (22.2 percent), fertilizer use (11.9 percent), rice cultivation 
(10.1 percent), and crop residue combustion (5.8 percent).

The soil carbon pool of farmland is a key area for achieving carbon peak and 
carbon neutrality in agriculture. As an essential factor in agricultural production, 
farmland (agricultural land) is not only a critical contributor to carbon emissions 
but also an important unit of carbon sequestration. It should play a greater role 
in balancing national food security with the strategy of carbon peak and carbon 
neutrality. It is important to decrease the use of inputs (e.g. fuel, fertilizers and 
pesticides) in the production process, with their associated generation of carbon 
emissions, while increasing the carbon sink potential of the farmland ecosystem. 
Many factors affect the carbon emissions from the soil carbon pool of farmland, 
including temperature, season, crop growth, and soil management methods. 
Straw mulching can lower the soil temperature, which in turn slows down CO2 
emissions from the soil. At the same time, straw returning can effectively increase 
soil organic matter content, and the carbon in straw can promote the mineralization 
of organic matter. Therefore, sustainable agricultural practices can effectively 
accelerate the conversion of carbon in straw into soil organic carbon. There are 
two ways to improve the position of agricultural land in the strategy of carbon 
peak and carbon neutrality. One is to attach great importance to the protection 
of agricultural land, including by stabilizing the quantity of farmland, accelerating 
the improvement of farmland quality, and paying close attention to the ecological 
functions of farmland. The other way is to build a low-carbon territorial spatial 
pattern system at the national level, guided by improvements to carbon sink 
capacity; to strengthen the implementation and supervision of territorial spatial 
planning; to focus on the protection of major carbon sinks; to strengthen territorial 
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spatial management, especially in the southeast region; to use the objective of 
reaching carbon peaks as an opportunity to strengthen the management of 
construction land; and to prioritize carbon management to explore and formulate 
standards for carbon emissions from land use. 

Agriculture plays an essential role in the carbon peak and carbon neutrality 
strategy. Agricultural carbon neutrality means zero net carbon emissions in the 
agricultural production process. It aims to decrease carbon emissions in 
agricultural production as much as possible by adopting various methods to 
absorb and fix the generated carbon emissions through a range of compensation 
methods. The main ways of achieving agricultural carbon neutrality include 
improving the external environment of agricultural production, raising awareness 
of stakeholders, applying macro-arrangement strategies to patterns of plant and 
animal production, and using clean energy. Compared with industrial carbon 
neutrality, agriculture has the advantage of green attributes and versatility, which 
makes it easier to achieve the goals of decreasing carbon emissions, minimizing 
GHG emissions, and achieving sustainable development. According to research 
and analysis on the demand for related agricultural and livestock products in 
China and the development trend of agricultural production, by 2030 agricultural 
and rural areas will achieve the carbon peak and total emissions will reach a peak 
of about 1 billion tonnes of carbon dioxide equivalent, an increase of 150–
 200 million tonnes compared with the baseline (emission value in 2014). Through 
the substitution of biomass energy and improvement of soil carbon sequestration 
capacity, about 200 million tonnes can be eliminated and net emissions can be 
maintained at about 800 million tonnes, close to the baseline. Agricultural and 
rural areas play important roles in the carbon peak and carbon neutrality strategy.

Carbon sequestration and emissions reduction in the agricultural sector are 
important for achieving the carbon peak and carbon neutrality strategy in China. 
China’s agricultural and rural carbon emission analysis data (2014) showed that 
agricultural emissions stood at 830 million tonnes of carbon dioxide equivalent, 
accounting for 7– 8 percent of the country’s total emissions. Agricultural emissions 
mainly consist of methane from rice fields, nitrous oxide from nitrogen fertilizer 
use in farmland, animal intestinal methane, faecal methane, and nitrous oxide 
emissions. In addition, energy consumption in agricultural production and rural 
living was equivalent to 86.81 million and 247.35 million tonnes of standard coal, 
respectively. Agricultural and rural GHG emissions account for approximately 
15 percent of the country’s total emissions. China has a large population. With 
the improvement in living standards, the demand for animal products (e.g. meat, 
poultry, fish, eggs and milk) and energy for production and living will continue to 
grow. Under the premise of ensuring food security and sustainable social and 
economic development, both great challenges and potential exist in achieving 
carbon neutrality in agriculture and rural areas. It is necessary to study and put 
forward a roadmap for carbon peak and carbon neutrality in agriculture and rural 
areas based on the contexts of China’s agriculture and rural areas. At the same 
time, it is necessary to speed up the formulation of relevant laws, regulations, 
policies, and assessment systems to promote the synergistic effect of pollution 
reduction and carbon reduction.
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3.1.3 CSA is vital for carbon sequestration and emissions reduction in 
agriculture

The combination of stabilizing yield, increasing carbon sequestration and 
decreasing emissions is at the core of CSA. CSA comprehensively considers 
social, economic, and environmental factors to ensure food security and the 
sustainable development of green agriculture. CSA places the emphasis on 
achieving a decrease in GHG emissions from agricultural production systems in 
terms of absolute emissions and emission intensity. The climate change 
adaptation and mitigation measures in the agricultural sector are important for 
tackling challenges in climate change. It is estimated that soil is the third-largest 
carbon pool worldwide. In the 0– 1-m soil layer, organic carbon storage is estimated 
to be 1220– 1550 Pg (1015 g) and inorganic carbon storage is estimated to be 
695– 748 Pg. In the 0– 2-m soil layer, organic carbon storage is 2376– 2450 Pg 
(Lal et al., 1995).
 CSA is an important starting point for promoting the carbon peak and 
carbon neutrality strategy in China’s agricultural sector. The “4 per 1000” Initiative 
(4p1000, 2018) proposed by the Paris Agreement, clarifies the approach of 
reduction in GHG emissions by increasing soil carbon sequestration, and further 
stresses the important role of CSA in carbon sequestration and emissions 
reduction. Mitigating climate change by increasing soil carbon sequestration has 
also received more and more attention from the international community. 
Adopting best management practices (BMPs) and integrated nutrient 
management (INM) can effectively increase farmland soil carbon sequestration, 
improve soil quality, and achieve the goal of climate change mitigation, thus 
ensuring crop production and food security (Lal, 2004). 
 Studies have shown that compared with traditional farmland 
management measures no-tillage, straw returning, optimized fertilization 
measures, and organic fertilizer application can effectively improve soil carbon 
sequestration capacity and decrease farmland GHG emissions. In addition, 
these measures can effectively improve productivity and increase yield. 
Therefore, sustainable and integrated farmland management measures are of 
great significance for mitigating global climate change and ensuring food 
security.

Decreasing major GHG emissions (e.g. CH4 and N2O) is a critical part of CSA. Rice 
is the main emissions source of methane (CH4) in agricultural production and its 
emissions account for about 11 percent of the global anthropogenic total CH4 

emissions (IPCC, 2013). It is estimated that the total CH4 emissions from rice fields 
in China is 6.15 million tonnes per year, accounting for 17.93 percent of total CH4 
emissions nationwide. Water management, straw returning, improved cultivation 
practices, nitrogen fertilizer application management, and application of organic 
fertilizer or biochar are important ways to regulate and control CH4 emissions 
from rice fields (Zhao et al., 2019). Nitrous Oxide (N2O) is another important GHG 
in farmland ecosystems, mainly caused by the input of nitrogen fertilizer. N2O 
emission flux is also highly correlated with rainfall and air and soil temperature. 
Adjusting soil pH is an effective way of regulating N2O emissions. The increase 
in soil organic matter input can increase soil pH, decrease acidic components, 
and thus change the soil denitrification rate and the N2/N2O emission ratio. More 
and more research has focused on the impact of agricultural operations on soil 
N2O emissions, including intermittent irrigation, no-tillage, straw returning, and 
the applyication of biochar or nitrification inhibitors.
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 3.2   CHALLENGES OF INNOVATION AND APPLICATION OF HIGH-
EFFICIENCY AND LOW-CARBON TECHNOLOGY IN CSA

The core technologies of CSA include production enhancement, climate 
adaptation, and carbon sequestration and emissions reduction. In recent years, 
China has seen outstanding achievements in CSA in increasing yield while being 
able to adapt to climate change; but CSA also faces many difficulties and 
challenges in innovation and in extensively achieving high-efficiency and low-
carbon agricultural technology. The main approaches for achieving carbon peak 
and carbon neutrality in the agricultural system are developing green and low-
carbon agriculture with low energy consumption, low pollution, and low emissions, 
and turning carbon sources into carbon sinks. This also means that agricultural 
development will undergo modernization and green transformation. Accelerating 
R&D and promotion of low-carbon practices and building a carbon sequestration 
and emissions reduction technology model covering the whole agrifood system, 
including all actors in the value chain and all aspects of the rural life, are the core 
support for achieving carbon peak and carbon neutrality in the agricultural sector. 
The Ninth Meeting of the Central Finance and Economics Committee held on 15 
March 2021, focused on the basic ideas and main approaches for achieving 
carbon peak and carbon neutrality. It proposed seeking breakthroughs in green 
and low-carbon technologies, deploying R&D of low-carbon cutting-edge 
technologies, accelerating the extension and application of pollution reduction 
and carbon reduction technologies, and establishing and optimizing the 
evaluation and trading systems and innovation and service platforms for green 
and low-carbon technologies. Nevertheless, there are still huge challenges in 
how to adhere to the market-oriented approach, how to promote R&D and 
application of energy-saving and low-carbon technologies, and how to promote 
the innovation and integration of digital technology in CSA.

3.2.1 Status and trends of low-carbon technology development globally

(1) Energy
In recent years, China has made efforts to change the coal-based energy 
consumption structure, accelerate the coal substitution strategy and policies 
(e.g. replacing coal with electricity or gas), and promote the rapid development 
of green energy. In 2019, China’s non-fossil energy consumption reached the 
equivalent of 740 million tonnes of standard coal, an increase of 12.1 percent 
annually, accounting for 22.7 percent of total global non-fossil energy 
consumption, ranking first in the world. The proportion of non-fossil energy 
consumption in China is basically the same as the world average, which has 
exceeded 15 percent. During the Thirteenth Five-Year Plan period (2016 to 2020), 
the replacement of coal with non-fossil energy will decrease carbon emissions 
by nearly 700 million tonnes of carbon dioxide each year, and the cumulative 
emissions reduction in five years is about 3.5 billion tonnes of carbon dioxide. 
China’s plug-in hybrid electric vehicles and pure electric vehicles have taken the 
lead in the global civilian market, and the overall technology of fuel cells for 
commercial vehicles has entered the world’s advanced ranks. Alcohol ether can 
be used as a hydrogen energy carrier. China has taken the lead in the global 
industrialization of olefin production from alcohol ether. China is leading the world 
in installed capacity of renewable energy power generation and still has great 
development potential in this field.
 The task of improving the energy structure in agriculture and rural areas 
is also challenging. Promoting the replacement of fossil fuels with renewable 
energy (e.g. bioenergy, wind and solar energy) can reduce carbon emissions from 
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energy used in production and living. Using straw, livestock and poultry manure, 
and other biomass to produce renewable energies such as biogas, bio-liquid 
fuels, and combustion power generation can lower the emissions of fossil energy 
used in agriculture and rural areas, and thus contribute to achieving carbon peak 
and carbon neutrality. Agricultural mechanization is the key foundation of 
modernized agricultural development, and energy-saving and emissions 
reduction in agricultural machinery in sustainable cropping systems have also 
become key to sustainable mechanization and green agricultural modernization. 
The large-scale application of agricultural machinery consumes 30– 40 percent 
of national diesel consumption. Therefore, promoting new low-carbon and high-
efficiency agricultural machinery and improving operational efficiency are 
important ways to decrease GHG emissions generated by diesel consumption.

(2) Land use and agriculture
Changes in land use patterns are one of the important reasons for the rising 
concentration of GHGs in the atmosphere and for global climate change, ranking 
second to the burning of fossil fuels. The main ways to sequester carbon and 
decrease emissions in the area of land use include strengthening territorial and 
spatial planning; effectively achieving the carbon sequestration potential of 
forests, grasslands, wetlands, oceans, soils, and frozen soils; and enhancing the 
carbon sink capacity of ecosystems. By diminishing the scope and intensity of 
farming and adopting CSA approaches in suitable areas, physical disturbance of 
the soil has decreased significantly and the proportion of stable soil organic 
matter in the soil structure has increased; this can effectively decrease GHG 
emissions, petrochemical energy input and cost during operations. At the same 
time, it is important to strengthen the application of precision agricultural 
technology. Currently, the scope of precision agriculture is not limited to the 
formula and precision application of fertilization but has been extended to many 
agricultural links such as precision seeding and precision irrigation technology.
 China vigorously develops ways to use integrated straw management 
technology, recycle agricultural film, achieve zero growth in the use of chemical 
fertilizer and pesticides, apply treatment and use of livestock and poultry manure 
resources, and use CA, water-saving irrigation technology, energy-saving and 
low-consumption agricultural machinery and equipment, aquaculture energy-
saving and emission-reduction technologies. This has made significant 
contributions to decreasing agricultural non-point source pollution and realizing 
green agricultural transformation and development.

3.2.2 Demand for the innovation of green and low-carbon technology in 
agriculture 

(1) Green inputs: innovation of agricultural inputs
As an important component in the green agricultural industrial chain and value 
chain, green agricultural inputs (seed, fertilizer, pesticide, agricultural film, feed 
etc.) require green and low-carbon technological innovation.

First, innovations in the seed industry and variety technologies. It is necessary 
to scientifically select varieties with wide adaptability, strong resistance to 
stresses, and high nutrient use efficiency in order to decrease dependence on 
chemical inputs such as chemical fertilizer and pesticides during agricultural 
production. Nevertheless, in variety breeding technologies, there is still a lack of 
new crops and forage grass varieties that feature high-efficiency resource use, 
high yield and quality, multistress resistance, low absorption of pollutants, and 
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suitability for light cultivation and mechanization. There is also a lack of high-
efficiency, high-quality, and multiresistant special livestock and aquatic products.

Second, innovations of fertilizer and precision application technology. It is 
important to implement Integrated Nutrient Management (FAO, 2022b). Major 
breakthroughs are needed in R&D of new fertilizers, organic fertilizer substitutes, 
and high-efficiency fertilization technologies. The aim is to decrease nitrous 
oxide emissions, promote best management practices to decrease nitrogen 
fertilizer use, and optimize balanced fertilization and nutrient use efficiency 
technologies in major crop production areas, focusing on fruit and vegetable 
production areas. A further aim is to promote R&D and the extension of new 
fertilizers (e.g. biofertilizer) with high use efficiency, long-lasting effectiveness, 
and low emissions, as well as to promote advanced fertilization technologies such 
as soil testing and formula fertilization, replace chemical fertilizer with organic 
fertilizer, and employ mechanized deep and precision fertilization. This would 
effectively solve the problems of the backward technology of organic fertilizer 
production, lack of high-efficiency organic fertilizer and organic-inorganic 
compound fertilizers, and insufficient capacity of specialized institutions for soil 
testing and formula fertilization. 

Third, innovations in pesticide and precision application technology. It is 
necessary to enhance R&D of new pesticide products and high-efficiency 
pesticide application equipment and promote precision pesticide application 
technology. Biological pesticide is a typical substitute for traditional chemical 
pesticide. However, there is a need for supporting technologies (e.g. synergy, 
suitable formulations, and functional additives) to optimize the application of 
biopesticides and biological control. Moreover, the biopesticide companies are 
small and scattered and the application area of   biopesticides accounts for only 
about 5 percent of the total pesticide application area. It is necessary to further 
promote R&D of dual-use fertilizer and pesticide products and the integrated 
application technology of fertilizer and pesticide that is conducive to an integrated 
use effect. It is necessary to promote Integrated Pest Management (FAO, 2022c) 
which combines biological, chemical, physical and crop specific management 
strategies and practices, especially in the context of climate change (FAO, 2022d). 

Fourth, innovations in agricultural plastic film products. The aim is to develop 
new agricultural film products. Currently, the degradable agricultural films being 
promoted are of a single type, with a high cost. In addition, the degradation rate 
of biodegradable plastic film is still slow and its effectiveness needs to be further 
improved to meet the proposed newer and higher technological requirements 
of the agricultural film industry.

(2) Comprehensive management of soil-crop systems: high resource use 
efficiency, environmental friendliness, and healthy soil
China has long pursued continuous improvement in crop yield and had many 
great successes. However, with the extensive use of pesticides and fertilizer, the 
quality of agricultural lands is continuously declining, the level of GHG emissions 
from agricultural production keeps rising, and the agricultural ecological 
environment keeps deteriorating. These problems seriously affect the sustainable 
development of agriculture. There is an urgent need for theory and a technical 
system that can be applied to the synergetic and high-efficiency climate-soil-
crop system. It is important to improve fertilizer use efficiency and to decrease 
the input of chemical fertilizer by adopting sustainable fertilizer management 
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practices that will ultimately maintain or improve the quality of agricultural land 
and the construction of well-facilitated ecological farmland, thus enhancing land 
productivity and resilience. It is also essential to enhance the stability and 
multifunctionality of crop systems, and gradually shift from extensive use of 
resources to the multiobjectives of high yield, resource efficiency, and green 
production.
 It is necessary to build a climate-soil-crop synergy and high-efficiency 
technology model aimed at improving the use efficiency of light, heat, water, 
fertilizer, and other resources; to explore the coordination mechanism between 
yield and quality, and nutrient use efficiency and environmental costs in crop 
production systems; and to develop high-yield, high-quality, high-efficiency, 
green, and standardized cultivation techniques for crops. Furthermore, it is 
necessary to strengthen technical research on the comprehensive improvement 
of agricultural land quality, focus on the coordination of productivity and soil 
health, and promote green and conservation agricultural technologies.
 In the future, comprehensive soil quality improvement theory and 
technology will focus on productivity and ecological service functions, including 
strengthening the monitoring of soil quality evolution; increasing soil organic 
matter content; promoting the circular use of agricultural waste and residues, 
such as straw and livestock and poultry manure; exploring innovative mixed 
farming systems; improving medium- and low-yield soil and efficient nutrient use 
models; decreasing soil barriers and enhancing soil biological functions; and 
promoting soil pollution control and restoration. In addition, it is essential to 
develop farmland soil improvement and cultivation equipment. These measures 
are of great significance to the continuous improvement of soil fertility and 
agricultural ecosystems, and the implementation of national strategies for food 
security and rural revitalization through sustainable farmland use.

(3) Adopting an ecological and circular economy approach in agricultural 
systems
The wastes and residues produced by plant and animal production value chains 
provide raw materials for the production of other bio-base products, such as 
fertilizer, feed and biofuels. Among them, crop straw is rich in organic matter, 
cellulose, crude protein, crude fat, and various nutrients (e.g. nitrogen, 
phosphorus, potassium, calcium, magnesium and sulphur). It can be widely 
used as a raw material for various products such as feed, biofuels, fertilizer, 
papermaking, and building materials. Livestock and poultry manure contains 
various essential nutrients (e.g. nitrogen, phosphorus and potassium) and can 
be processed into organic fertilizer to help improve soil structure, increase soil 
organic matter and fertility, and decrease the need for substituting chemical 
fertilizer. The annual production of straw in China exceeds 900 million tonnes 
and the annual production of manure from livestock and poultry farming exceeds 
3.8 billion tonnes. Therefore, agricultural waste and residues have huge potential 
for being recycled. Developing circular agriculture by combining plant and 
animal production and promoting the transformation of agricultural production 
from a linear economy of resources-products-waste to a circular economy of 
resources-products-renewable resources-products can effectively improve 
agricultural resource use efficiency and benefit development of the agricultural 
circular economy. At present, R&D of the key technology and equipment of 
ecological circular agriculture and waste resource use still faces challenges 
such as difficulties in integration and support, and low cost-benefit ratio. There 
is an urgent need to optimize market mechanisms and attract social capital, 
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investment, and resource mobilization in technological innovation and promote 
the transformation of achievements.

(4) Integrated planting and the use of biodiversity 
Diversified farming systems, which include the combinations of crop cultivation 
and livestock raising, multiple cropping, and intercropping are the essence of 
traditional Chinese agriculture, which not only made historical contributions to 
ensuring national food security and increasing productivity and income but also 
played an irreplaceable role in the ecological functions of sustainable agricultural 
intensification and the conservation of biodiversity. At the same time, exploring 
the technologies suitable for both multiple cropping and mechanized and 
standardized production is of great significance to effectively solving the 
problems in staple crop production areas such as monoculture, high resource 
consumption, low economic benefit, and high environmental cost. Potential 
suitable practices and technologies include (i) intercropping of grain and legume 
crops in dryland farming systems; (ii) intra-species configurations; (iii) leguminous 
and efficient rhizobia configuration; (iv) integration of agricultural machinery and 
agronomy; (v) soil conservation of multiple cropping and mixed farming in the 
rice cropping system; (vi) optimization of mixed farming models; and (vii) green, 
high-yield, and high-efficiency technologies.
 Multiple cropping needs to adapt to socioeconomic impacts and climate 
change, and progress has been made in the transformation and technological 
upgrading of the multiple cropping model. The multiple cropping model must 
also meet the requirements of simplification, mechanization, high efficiency, and 
standardization. In addition, it is important to achieve innovative breakthroughs 
in cultivation management technologies. It is necessary to develop a new multiple 
cropping model to meet the needs of green agricultural development. It is also 
necessary to incorporate the protection and use of biological diversity into the 
modern agricultural system, promote biological diversity conservation in 
ecological restoration and well-facilitated farmland construction, and promote 
innovations in the corresponding technological models. 

(5) Precision agriculture and intelligent production management
Precision agriculture technology based on informatization and digitalization is 
an important technology in modern agricultural transformation. It is not only an 
important technology innovation for improving resource efficiency and 
environmental friendliness but is also at the core of promoting CSA development. 
It is vital to increase R&D and extension of precision agriculture and smart 
farming, and to integrate precision agriculture technology with water-saving, 
fertilizer-saving, and high-efficiency production technology, along with the 
relevant agricultural machinery and equipment. Furthermore, it is important to 
form a “three-dimensional sky-space-ground” crop growth monitoring and 
prediction technology system, digital farm management solution system, 
farmland management and precision operation technology system, and intelligent 
management platform for the whole process of crop production. 
 Breakthroughs in the R&D of key technologies and products of precision, 
intelligent, and modern production management are crucial. Based on the 
existing research results and innovation platform, it is essential to comprehensively 
apply modern agronomy, agricultural engineering, artificial intelligence, big data, 
cloud computing, and 5G technology to the whole process of crop production 
and management. The focus should be on R&D in four areas: rapid access to 
farmland information, quantitative design of management solutions, intelligent 
equipment for field operations, and intelligent production management platforms. 
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It is important to promote innovations in the core key technology of smart farming 
and develop smart farming technology products and application systems for the 
whole process of production. It is also essential to eventually establish a modern 
agricultural production and management model. These measures can 
significantly improve the level of intelligence, engineering, and science in China’s 
crop production system, and promote the development of smart agriculture and 
agricultural modernization.

3.2.3 Challenges faced by the application of agricultural green and 
low-carbon technology

(1)  Agricultural green and low-carbon technology innovation capabilities 
are relatively weak and technical integration and industrialization 
capabilities need to be strengthened.

The level of green and low-carbon technological innovation and industrialization 
in the agricultural sector is significantly lower than that in the energy and 
industry sectors and urban areas. R&D support and platform conditions for 
green and low-carbon technologies are also relatively poor in the agricultural 
sector and the technological upgrading pace is slow. In recent years, the Chinese 
government has enhanced support for carbon capture, use, and storage (CCUS) 
technology. The Ministry of Science and Technology released China’s Carbon 
Capture, Utilization and Storage Technology Development Roadmap (2019 
Edition) (Ministry of Science and Technology, 2019a), which mentioned the 
systematic and orderly deployment of China’s CCUS technology development. 
In terms of R&D for green and low-carbon technology, in 2019 more than 10 
CCUS R&D projects and demonstration projects were supported based on the 
national key R&D plan. In terms of technology application and promotion, 
dozens of CCUS demonstration projects have been established, which have 
verified the technical feasibility and strengthened implementation. In terms of 
capacity development, a CCUS special committee has been established under 
the Chinese Society of Environmental Sciences; and, through the China CCUS 
Industry Innovation Alliance, multilateral or bilateral cooperation has been 
engaged to build a CCUS integrated international cooperation platform for 
industry, education, and research.
 Currently, the agricultural low-carbon green technologies mainly focus 
on dryland farming and water-saving agriculture, drought tolerance and moisture 
preservation, soil conservation and cultivated land quality improvement, straw 
returning, and other technologies that increase soil organic matter. Nevertheless, 
there are obvious technical bottlenecks such as insufficient R&D achievements 
in modern information technology, biotechnology, equipment technology, and 
intelligent technology, and low industrialization capabilities and market 
competitiveness.

(2)  The scale of agricultural production and operation is small and 
the efficiency and benefits are not high enough. It is necessary 
to accelerate the application of standardized green production 
technology with integration of machinery and agronomy.

Appropriate-scale production and operation is needed to realize modernized 
agriculture and to simultaneously increase land output rate, resource use rate, 
and labour productivity. At present, China’s agricultural production is mainly 
operated by state-owned farms, new agricultural business entities, and 
decentralized farmers, from among which decentralized small-scale farmers are 
the most common. Since 2010, there have been approximately 1780 state-owned 
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farms and their operating area has reached about 6.2 million ha (93 million mu). 
The new agricultural business entities developed through land transfer and land 
trusteeship have grown rapidly. The number of family farms recognized by the 
agricultural department has reached nearly 500 000, with an average annual 
growth rate of more than 20 percent and operating land of nearly 6.7 million ha 
(100 million mu). However, more than 63 percent of the family farms have an 
operating scale of less than 13.3 ha (200 mu).
 As agricultural income accounts for only a small share of their total 
income, decentralized small-scale farmers cannot invest their main energy into 
agricultural production and they do not have a strong demand for or willingness 
to adopt new technologies. As a result, this leads to poor farmland management, 
low efficiency, and excessive application of pesticides and fertilizer. Moreover, 
decentralized small-scale operations make it difficult to adopt and promote 
large-scale agricultural machinery and supporting agronomic technologies, 
which seriously hinders the progress of marketization and the improvement and 
promotion of agricultural machinery and equipment and agronomic products. 
 Therefore, it is necessary to appropriately expand agricultural operation 
scales; continuously increase R&D, demonstration, and extension of moderate-
scale agricultural machinery and agronomic facilities, and standardized 
technologies; improve the organizational efficiency of agricultural production; 
accelerate the development and promotion of water-saving, fertilizer-saving, and 
pesticide-reducing technologies under the conditions of appropriate-scale 
production; improve the resource use efficiency of agricultural production; and 
decrease agricultural inputs in agricultural production. It is also necessary to 
develop research on the green and high-yield technology system based on the 
selection of crop varieties, group optimization, and the construction of high-
quality arable layers under the conditions of appropriate-scale production; 
increase land output; increase the value of agricultural production; and promote 
high-quality and sustainable agricultural development.

(3)  Agricultural subsidies for low-carbon green technology still lack 
legislation and institutional guarantees. It is necessary to form joint 
forces in subsidy management.

Since 2010, China has attached great importance to the subsidy policy supporting 
natural resource conservation and environmentally friendly agricultural practices 
and technologies. It has successively implemented special subsidies to include, 
for example, straw returning to the field, soil testing formula fertilization, 
sustainable disposal and re-use of livestock and poultry manure, zero growth of 
chemical fertilizer and pesticides, farmland protection and quality improvement, 
agricultural product quality and safety, and developing new agricultural business 
entities. These measures have achieved certain results, but the overall results 
are not satisfactory. The main problems are as follows:

• Most of the subsidies in the fields of low-carbon and green agriculture 
are pilot and demonstrative subsidies, and there is no long-term stable 
subsidy system. The temporary and phased subsidy policy often has 
an effect during the implementation period, without fundamentally 
changing the agricultural production methods and technological 
models.

• Agricultural subsidies are managed in blocks and many departments 
have issued subsidy policies. The policy objectives and subsidy 
methods set by these departments are not completely consistent, 
resulting in the limited subsidy funds not forming a synergy or a joint 
effort.
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• The agricultural business model is mainly based on the decentralized 
operation of small-scale farmers or family farms. Because the 
operations are small-scale, the total amount of subsidies is relatively 
small and insufficient to motivate farmers to update their production 
approaches. Development of low-carbon agriculture requires a high 
investment in facility construction and technology updates. Small-
scale farmers do not have sufficient funds to become engaged 
in these low-carbon projects, and insufficient subsidies are an 
important factor hindering the adoption of low-carbon practices and 
technologies in agriculture.

• Lacking legal and regulatory guarantees and supervision mechanisms 
results in the waste or loss of some subsidy funds. Since low-carbon 
subsidy funds are basically dominated by the central government, 
local governments lack a role in the construction of low-carbon 
agriculture, which is not conducive to the promotion of low-carbon 
green agriculture.

(4)  The agricultural ecological compensation system and the realization 
mechanism of ecological products are lacking. It is necessary to 
motivate all stakeholders to develop green low-carbon agriculture 
through the improvement of policies and institutions.

China’s national-level ecological compensation system began in 2011 as a pilot 
project for a trans-provincial river basin ecological compensation mechanism 
led by the Ministry of Finance and the Ministry of Environmental Protection. In 
recent years, the scope has been gradually expanded into key fields, key areas, 
upstream and downstream river basins, and market-based ecological 
compensation, and initial results have been achieved in the construction of 
institutional mechanisms.
 In December 2018, the National Development and Reform Commission 
and the Ministry of Finance, the Ministry of Natural Resources, MEE, the Ministry 
of Water Resources, MARA, and other departments jointly issued the Action Plan 
for Establishing a Market-Oriented and Diversified Ecological Protection and 
Compensation Mechanism (National Development and Reform Commission et 
al., 2018). It aimed to establish a market-oriented, diversified ecological protection 
compensation mechanism; improve compensation systems for resource 
development, pollutant emissions reduction, water conservation, and carbon 
emission rights offset; develop a sound trading platform; and guide ecological 
beneficiaries to compensate ecological protectors. It also aimed to actively and 
steadily develop the ecological industry; establish and improve green labelling, 
green procurement, green finance, and green benefit-sharing mechanisms; and 
guide social investment to compensate ecological protection.
 In April 2021, the General Office of the Central Committee and the 
General Office of the State Council issued the Opinions on Establishing and 
Improving the Mechanism for Realizing the Value of Ecological Products (Xinhua 
News Agency, 2021b). These opinions proposed that by 2025 it is imperative to 
have established the institutional framework for the realization of ecological 
product value and have a more rationalized accounting system for ecological 
product value and to have improved the compensation policy system for 
ecological protection and environmental damage. It is also essential to effectively 
solve problems in the trade of ecological products, form the benefit-oriented 
mechanism for protecting the environment, and significantly enhance the ability 
to transform ecological advantage into economic advantage.
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From the development practice in recent years, contradictions and problems 
exist such as low participation of enterprises and the public and an insufficient 
supply of good ecological products and ecological services. These urgently 
require the establishment of a government-led, multistakeholder-involved, 
market-oriented operation, and a sustainable ecological protection compensation 
mechanism to stimulate the engagement of all stakeholders in ecological 
protection. In particular, there is an urgent need for an agricultural ecological 
compensation system and value realization mechanism for organic, green, and 
other ecological products. In addition, the concrete implementation measures 
for relevant supporting policies are lacking as well as the corresponding laws and 
regulations and other regulatory and accountability systems. Moreover, it is 
necessary to establish a complete default mechanism for all people with 
responsibilities in these areas. Great challenges lie ahead in constructing a 
system of ecological compensation and ecological product value realization with 
a clear subject, flexible mechanism, departmental coordination, feasible 
measures, and extensive participation.

 3.3  POLICY AND INSTITUTIONAL INNOVATIONS FOR CSA NEED TO BE 
FURTHER STRENGTHENED
Policy and institutional innovations are the core support for developing CSA and 
promoting the green transformation of agriculture. Compared with developed 
countries, China’s agricultural transformation and modern agricultural 
development are 20 to 30 years behind. In addition, the corresponding supporting 
policies, rules and regulations, technical standards, and norms are still relatively 
weak, and it is still difficult to implement policy and institutional innovations. 
Learning from developed countries about the experience and model of CSA 
development could enhance the acceleration of China’s agricultural transformation 
and policy implementation. In December 2019, the European Commission issued 
the European Green Deal (European Commission, 2021a). It proposed taking the 
lead in achieving carbon neutrality globally by 2050, noted a strong signal of 
green and low-carbon transformation, and attracted great attention from all over 
the world. The core content of the European Green Deal is highly consistent with 
China’s strategy of green and high-quality agricultural transformation and 
development, and many practices of the European Green Deal are worth learning.

3.3.1 European Green Deal and agricultural support policies
The European Green Deal sets out the main route for green development through 
key areas such as agriculture, food, energy, environment, transportation, regional 
policy and low-carbon economy, sustainable financing, industrial policy, trade 
and sustainable development, international cooperation and development, 
climate change-related research and innovation, and the Sustainable 
Development Goals. The first climate action initiatives under this Green Deal 
include the European Climate Act that aimed to enshrine the European Union’s 
goal of achieving climate neutrality by 2050; the European Climate Convention 
aimed to attract the attention and participation of all sectors of society in climate 
action; and the Climate Target Plan 2030 aimed to further decrease net GHG 
emissions by at least 55 percent by 2030.
 The Farm to Fork Strategy (F2F) (European Commission, 2020a) is 
among the core contents of the European Green Deal. The main objectives of the 
Farm to Fork Strategy are decreasing the environmental and climate footprint of 
food systems, leading the global competitive sustainability transition, seizing 
new opportunities, and building strong and resilient food systems. This will enable 
transition to a sustainable European Union food system that safeguards food 
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security and ensures access to healthy diets sourced from a healthy planet. It 
has 27 concrete actions to transform the European Union’s food system by 2030, 
including a 50 percent decrease in the use and risk of pesticides, at least a 
20 percent decrease in the use of fertilizer (including animal manure), a 50 percent 
decrease in sales of antimicrobials used for farm animals and aquaculture, and 
reaching the goal of 25 percent of agricultural land under organic farming. The 
European Green Deal asked the European Union to review the original national 
strategies, plans, and drafts against each other on the basis of the Farm to Fork 
Strategy; take legislative measures in 2021 to significantly decrease the use and 
risk of chemical pesticides, fertilizer, and antibiotics; and suggested that in the 
European Union budget for 2021– 2027 at least 40 percent of agricultural policies 
should be conducive to climate action.
 In addition, the European Commission adopted the new circular economy 
action plan (European Commission, 2022a), which will establish a regulatory 
framework for monitoring and verifying carbon removals based on a sound and 
transparent carbon accounting approach. The European Union advocates Carbon 
Farming (European Commission, 2022b), which will provide practical economic 
support and incentives to low-carbon advocators and implementers, along with 
environmentally friendly agricultural policies, thus creating new sources of 
income for rural farmers to help them adapt to the effects of climate change.
 The European Union’s Biodiversity Strategy for 2030 (European 
Commission, 2020b) is another core content of the European Green Deal. Under 
the plan, at least 30 percent of the European Union’s land and sea will be protected 
by 2030. It aims to restore degraded ecosystems across Europe, strengthen 
organic agriculture and other biodiversity-friendly agricultural practices, bring 
pollinators back to farmland, decrease pesticide use and risk by 50 percent 
before 2030, improve rivers and trees and restore carbon sinks to combat climate 
change. This strategy is in line with the main objectives of the Convention on 
Biological Diversity. The protection and restoration of biodiversity can have a 
positive impact on a wide range of industries, including agriculture, fisheries, and 
tourism; provide direct business and investment opportunities for the recovery 
of the European Union economy; and contribute to job creation.
 In January 2020, the European Union published the Financing the green 
transition: The European Green Deal Investment Plan and Just Transition 
Mechanism. On 4 March 2020, the European climate law was adopted. On 10 
March 2022, the European Commission adopted the European Union Industrial 
Strategy, and latterly, the European Union published the new circular economy 
action plan. These policies and action plans will accelerate the European economy 
transition to climate neutrality and digitalization and enhance the European 
Union’s global competitiveness. In January 2021, the European Commission 
published a list of potential agricultural practices that the eco-schemes could 
support in the future Common Agricultural Policy (European Commission, 2021b). 
That list includes important CSA technology, for example, CA, precision 
agriculture, and agroecology.
 In line with the implementation of the European Green Deal, the European 
Union will introduce more policies and action plans in the future. In the long term, 
achieving the carbon neutrality target of the Green Deal will greatly promote the 
European Union’s transition toward a low-carbon economy and society. In the 
short term, it will force major adjustments in industries with high energy 
consumption and high emissions and bring significant adjustment in costs to 
Eastern European countries that rely heavily on fossil fuels, and may also constrain 
economic growth.
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In April 2021, The European Parliament adopted a resolution on soil protection 
(European Parliament, 2021). The resolution highlighted that soil is an essential, 
complex, multifunctional and living ecosystem of crucial environmental and 
socioeconomic importance which performs many key functions and delivers 
services vital to human existence and ecosystem survival so that current and 
future generations can meet their own needs. A coherent and adequate European 
Union soil protection policy is a prerequisite to achieving the objectives of the 
SDGs, the Paris Agreement and the European Green Deal, and in particular, the 
climate neutrality objective, the farm to fork strategy, the biodiversity strategy, 
the zero-pollution ambition, the bioeconomy strategy and other main 
environmental and societal challenges.

3.3.2 Green agriculture-related policies and institutions in China

(1) Energy saving, emissions reduction, and green development of 
agriculture
In October 2016, the Chinese State Council issued the Thirteenth Five-Year Plan 
for Controlling Greenhouse Gas Emissions (Chinese State Council, 2016d). This 
plan demands that total carbon emissions are effectively controlled: by 2020 
carbon dioxide emissions per unit of GDP should be 18 percent lower than the 
emission levels of 2015; the control of non-carbon dioxide GHGs such as 
methane and nitrous oxide should be further strengthened; and carbon sink 
capacity should be significantly enhanced. This plan clarified that low carbon 
could lead the energy revolution through measures such as strengthening 
control of energy carbon emission indicators, promoting energy conservation, 
accelerating the development of non-fossil energy, and optimizing the use of 
fossil energy. Additionally, the plan proposed building a low-carbon industrial 
system through accelerating industrial structural adjustment, controlling 
industrial emissions, developing low-carbon agriculture, and increasing 
ecosystem carbon sinks. The plan advocated strengthening low-carbon 
technological innovation by increasing basic research on climate change, 
accelerating R&D and demonstration of low-carbon technologies, and increasing 
the extension and application of low-carbon technologies.
 In January 2017, the State Council issued the Thirteenth Five-Year Plan 
for Energy Conservation and Emission Reduction Work Plan (Xinhua News 
Agency, 2017c). This work plan underlined the importance of agricultural pollution 
treatment. It is necessary to promote economic agricultural technology and clean 
agricultural production. The work plan also advocated promoting the collection, 
processing, and resource use of manure from livestock and poultry farms and 
constructing organic waste treatment facilities for straw and manure. The goals 
of the work plan included achieving zero growth in the use of chemical fertilizer 
and pesticides on major crops by 2020; increasing the fertilizer use efficiency 
rate to more than 40 percent; establishing and improving a post-evaluation 
system for the environmental impact of pesticides; promoting the recycling and 
treatment of pesticide packaging waste; and establishing a level-by-level 
supervision and implementation mechanism. By 2020, it is hoped that the 
comprehensive use rate of crop straw will reach 85 percent.
 In order to implement the Guiding Opinions on Innovating Systems and 
Mechanisms to Promote Agricultural Green Development (Xinhua News Agency, 
2017a) by the General Office of the Central Committee and the General Office of 
the State Council, MARA compiled the Guidelines on Green Development 
Technologies for Agriculture (2018– 2030) (MARA, 2018a, 2018b). These 
guidelines focused on the implementation of rural revitalization strategies and 
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sustainable development strategies, proposed accelerating technological 
innovation to support the green development of agriculture, and proposed 
improving the supply of green agricultural inputs and technologies. It also 
proposed building a green-oriented agricultural technology system by 2030; 
increasing agricultural productivity and resource use while steadily increasing 
the output rate of agricultural land; and promoting the green development of 
agriculture. Furthermore, it recommended accelerating green investment; 
significantly improving green technology supply capacity; establishing the green 
development system and low-carbon model; and establishing and optimizing 
the green standard system, ecological monitoring, and early warning mechanism 
for agricultural resources and environment.
 In February 2021, the Chinese State Council issued the Guiding Opinions 
on Accelerating the Establishment and Improvement of a Green and Low-Carbon 
Circular Development Economic System (Chinese State Council, 2021). It proposed 
developing ecological plant and animal production; strengthening the certification 
and management of green food and organic agricultural products; improving the 
resource use level of livestock and poultry manure; promoting integrated straw 
management; strengthening the pollution control of agricultural film; strengthening 
the conservation and quality improvement of farmland; promoting the integrated 
management of degraded farmland; developing agroforestry and the circular 
economy; implementing the project of developing ecological symbol forestry 
products; promoting efficient water-saving technologies; implementing actions 
to minimize the use of pesticides and veterinary antimicrobial drugs; and 
optimizing the environment of the production area.

(2) Rural revitalization
The Central Committee and the State Council issued the Strategic Plan for Rural 
Revitalization (2018–2022) (Central Committee of the CPC and Chinese State 
Council, 2018) in September 2018, aiming, among other things, to optimize the 
layout of rural development; accelerate the transformation and upgrading of 
agricultural production; strengthen agricultural science and technology; and 
improve the agricultural support and protection system. It also put forward some 
specific implementation standards and indicators for the actual operation of rural 
revitalization, including (i) industrial prosperity (comprehensive food production 
capacity, contribution of agricultural scientific and technological progress, 
agricultural productivity, etc.); (ii) ecological habitability (e.g. comprehensive use 
rate of livestock and poultry manure and green coverage rate in villages); (iii) rural 
civilization; (iv) effective governance; and (v) good livelihoods.
 To thoroughly implement the innovation-driven development strategy 
and the rural revitalization strategy, the Ministry of Science and Technology 
compiled the Innovation-driven Rural Revitalization and Development Special 
Plan (2018–2022) (Ministry of Science and Technology, 2019b). It proposed taking 
agricultural and rural modernization as the overall goal, giving priority to the 
development of agricultural and rural areas, and taking industrial prosperity, 
ecological habitability, rural civilization, effective governance, and good livelihood 
as the entry points for technological innovations. By 2022, important progress 
should have been made on innovation-driven rural revitalization and development, 
and the contribution rate of agricultural science and technology progress should 
reach 61.5 percent. The aim is to realize the goal of creating a moderately but 
comprehensively prosperous society through agricultural, scientific, and 
technological innovation. In addition, it gave specific evaluation indicators for the 
implementation of the standard plan, including the contribution rate of agricultural 
science and technology progress; the comprehensive mechanization rate of 
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whole-process agricultural production; agricultural productivity; the number of 
national technological innovation centres required; the number of agricultural 
high-tech parks and enterprises required; and the use efficiency rate of pesticides 
and fertilizer.

(3) Responses to global climate change
The Chinese government attaches great importance to the work of tackling 
climate change, adopts strategies on climate change mitigation and adaptation, 
and continuously strengthens related actions and practices. The National Climate 
Change Adaptation Strategy released in November 2013 (National Development 
and Reform Commission et al., 2013) provided strategic guidance for the overall 
planning and implementation of climate change adaptation policies and actions. 
The Action Plan for Urban Adaptation to Climate Change released in 2015 took 
urban areas as the entry point for adaptation to climate change at the country 
level (National Development and Reform Commission and Ministry of Housing 
and Urban-Rural Development, 2016). In 2016, China took the lead in signing the 
Paris Agreement to address climate change, continued implementing emissions 
reduction commitments, and established a carbon emissions trading market. In 
2018, China, as one of the 17 sponsoring countries, joined the Global Commission 
on Adaptation.
 The Thirteenth Five-Year Plan emphasized that China should (i) develop 
low-carbon agriculture, coordinate mitigation and adaptation, and decrease GHG 
emissions in the agricultural sector; (ii) implement the zero growth of fertilizer 
use, promote soil testing and formula fertilization, decrease nitrous oxide 
emissions on farmland, and achieve the peak of nitrous oxide emissions from 
farmland by 2020; and (iii) control farmland methane emissions, select high-yield 
and low-emission varieties, improve water and fertilizer management, implement 
soil conservation and farmland quality improvement, promote straw returning, 
increase the application of organic fertilizer, and strengthen the construction of 
well-facilitated farmland. 
 The Fourteenth Five-Year Plan requires that energy consumption per 
unit of GDP and carbon dioxide emissions should be reduced by 13.5 percent and 
18 percent, respectively, and that the forest coverage rate should be increased 
to 24.1 percent. In terms of agricultural development, it is important to promote 
the green transformation of agriculture; strengthen environmental protection; 
develop water-saving agriculture and dryland farming; implement pesticide and 
fertilizer reduction actions; control agricultural film pollution; improve the 
recycling rate of agricultural film; and promote the comprehensive use of straw 
and the resource use of livestock and poultry manure.

(4) Agricultural laws and regulations
The Agriculture Law of the People’s Republic of China (China National People’s 
Congress, 2005) was adopted by the Standing Committee of the Eighth National 
People’s Congress of the People’s Republic of China on 2 July 1993. It forms the 
core and foundation of the country’s agricultural laws and regulations. At the 
macro level, the relevant laws in China include the overarching Agricultural Law, 
the Fishery Law, and the Land Management Law. More specific areas of activity 
are covered by laws such as the Farmer Professional Cooperative Law for 
agricultural production and operations; the Seed Law for product circulation in 
the agricultural market; the Agricultural Product Producing Area Safety 
Management Measures and the Law of the People’s Republic of China on Quality 
and Safety of Agriculture for ensuring the safety of agricultural production; the 
Basic Farmland Protection Regulations, the Regulations on Agricultural Wild 
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Plants Protection, and the Desertification Prevention and Control Law for the 
protection of agricultural resources; and the Regulations on the Management of 
Farmers’ Expenses and Labour Services for safeguarding the interests of farmers. 
In 2014, the Standing Committee of the National People’s Congress of China 
revised and passed the Environmental Protection Law. Subsequently, China 
formulated or revised laws such as the Atmospheric Pollution Prevention and 
Control Law, the Water Pollution Prevention and Control Law, the Soil Pollution 
Prevention and Control Law, the Marine Environmental Protection Law, the 
Wildlife Protection Law, and the Environmental Protection Tax Law.

3.3.3 Analysis of China and the European Union’s agricultural policies

(1) The time difference of agricultural transformation between               
China and Europe
The European Union started the reform and exploration of agricultural 
transformation and development in 1992. In Europe, agricultural subsidies are 
mainly used to ensure the quality of agricultural products and environmental 
protection. In addition, the European Union encourages the development of 
environmentally friendly production methods and the protection of rural 
landscape heritage. In the early 1990s, the European Community proposed 
“multi-functional agriculture” and that has become the direction of the Common 
Agricultural Policy (CAP) reform. In 1999, the European Commission on Agriculture 
adopted Agenda 2000, which put much attention on agricultural areas such as 
rural development and environmental protection. Additionally, agricultural 
production and product quality, environmental protection and food safety, and 
agricultural competitiveness should be prioritized. The CAP of the European 
Union has achieved multiple goals such as ensuring the supply of agricultural 
products, integrating with the international market, protecting the ecological 
environment, and complying with international trade guidelines. In 2003, the CAP 
issued the principle of cross-compliance, through which agricultural producers 
can receive direct subsidies only if they earnestly abide by the regulations on 
areas such as food safety, animal welfare, and agricultural environmental 
protection. Since 2013, the CAP has focused on enhancing green agricultural 
development to strengthen environmental protection through market-oriented 
and green approaches. The proportion of budget expenditure related to prices 
and market support has been less than 5 percent and the proportion of direct 
payments has increased to 72 percent. The European Green Deal issued in 2019 
is leading the European Union’s green transformation, guided by climate change 
response, and with green themes covering all aspects of society, economy, and 
international cooperation and development.
 The particularity of the green transformation and development of 
agriculture in China is not limited to the problem of green production but to an 
entire systematic programme that integrates agricultural structural adjustment, 
urban-rural integration, rural revitalization, and farmers’ prosperity. The 
transformation and development of agriculture in China began in 2012 with the 
promotion of social and economic transformation focused on the construction 
of ecological civilization proposed by the Eighteenth National Congress. After 
that, the No. 1 Central Document also stressed the green transformation and 
development of agriculture, including the following:

• In 2015, the No. 1 Central Document officially proposed the 
transformation and development of agriculture, that is that agriculture 
should quickly shift from extensive operations pursuing output 
and relying on resource consumption to paying equal attention to 
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quantity, quality, and benefit, focusing on improving competitiveness, 
agricultural science and technology innovation, and sustainable 
development. 

• In 2016, the No. 1 Central Document proposed promoting structural 
reforms on the agricultural supply side and accelerating the 
transformation of agricultural development methods. 

• In 2017, the No. 1 Central Document proposed promoting the 
structural reform of the agricultural supply side and promoting 
the transformation of agricultural and rural development focusing 
on green ecological sustainability and high quality. In addition, 
the Reform Plan for Establishing a Green Ecologically Oriented 
Agricultural Subsidy System has been published (People’s Daily, 2016). 
Additionally, MARA issued the document Vigorously Promoting Green 
Agricultural Development (People’s Daily, 2017). 

• In 2018, the No. 1 Central Document proposed the Strategic Plan for 
Rural Revitalization. 

• In 2019, the No. 1 Central Document stressed prioritizing the 
development of agriculture and rural areas. 

• In 2020, the No. 1 Central Document proposed winning the battle 
against poverty and making up for the shortcomings in agriculture, 
rural areas, and farmers’ issues to achieve a comprehensively well-off 
society and promote the high-quality development of agriculture.

(2)  Differences in the content of agricultural transformation supporting 
policies between China and Europe

China and the European Union’s agricultural supporting policy systems are quite 
different in scale and structure. Because of differences in economic foundation 
and resource endowments, large-scale support for agriculture in China started 
late and has a poor foundation, which is particularly inadequate when taking 
account of the agricultural scale and the size of the agricultural population. 
Although China’s total agricultural support has maintained an average annual 
growth rate of 16.39 percent since 2000, which is much faster than the European 
Union, China’s overall agricultural support level is still relatively low. 
 Furthermore, China’s agricultural transformation is about 20 years 
behind the European Union. The European Union’s CAP has undergone several 
rounds of reform and development, and its policies in supporting agricultural 
transformation and green development have been continuously adjusted and 
optimized. The European Union pays particular attention to improving agricultural 
competitiveness and promoting the sustainable development of agriculture 
through market-oriented and green policy measures. Nevertheless, China’s 
agricultural transformation policy has been implemented in a relatively short 
period and is dominated by administrative promotion. The market-driven ability 
is relatively weak and the enabling environment for policy implementation still 
needs to be optimized.
 Because of the differences in development stages, there are also obvious 
differences in the structure and content of the agricultural support policies 
between China and the European Union. For example, the European Union’s 
Coupled Support policy accounted for up to 60 percent of the CAP funds in the 
peak period, whereas since 2021 it almost no longer appears in the proposed 
budget. In 2017, price support accounted for approximately 20 percent of 
producer support in the European Union, whereas it accounted for more than 
70 percent in China, which is 3.5 times higher than that of the European Union 
during the same period. There is also a significant difference in direct payments 
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decoupled from current production. After previous reforms, the CAP has 
continuously increased the proportion of direct payments decoupled from 
current production to the total producer support; in the past ten years, this has 
been at about 40 percent. In China, the proportion of direct payments decoupled 
from current production accounted for less than 5 percent, which is not conducive 
to the decisive role of the market mechanism in resource allocation. 
 In addition, the European Union’s farmer subsidy policy is linked to its 
compliance with environmental protection targets. It sets various environmental 
protection indicators and the minimum standards that must be met for granting 
subsidies. At present, farmer subsidies in China are still mainly pilot or 
demonstrative temporary subsidies, and these lack environmental protection 
standards for the farmers.
 The European Union’s CAP also focuses on supporting small-scale 
farmers and young farmers, given that the total number of medium- and small-
scale farms accounts for about 80 percent in Europe (Ma, Sun and Mao, 2019). 
The European Union has also adopted a subsidy ceiling for large-scale farms to 
transfer limited subsidy resources to support small- and medium-scale farms. 
The European Union attaches great importance to supporting young farmers 
and has special support plans and financial support to mobilize young farmers 
to stay in the countryside and engage in agricultural production. Similar support 
projects exist in China, but most of these projects have not yet been included in 
institutional management plans.
 The Rural Development Project is another important project funded by 
the CAP. It focuses on supporting technological innovations in agriculture. The 
core funding areas include supporting the agricultural sector in transforming 
towards a low-carbon and climate-resilient economy, sustainable forest 
management, animal welfare, restoring and protecting agricultural and forestry-
related ecosystems, and related scientific and technological innovations. 
 China has made rural revitalization a key task in current agricultural 
transformation and social and economic development. However, because of the 
obvious backwardness of rural development, the main support funds will be used 
for rural infrastructure construction and industrial development, and there is a 
lack of financial support specifically for low-carbon and climate adaptation. China 
has continued to increase support for agricultural science and technology 
innovations, but there is still a long way to go in enhancing science and technology 
innovation capacity in agriculture and rural areas.

(3)  A big gap still exists between China and Europe in agricultural 
transformation support methods and stakeholder engagement

The European Union’s agricultural support policy has continuously shifted from 
supporting agricultural production to supporting the comprehensive 
development of agriculture and rural areas. The supporting methods were 
gradually refined and optimized, and green ecological transformation has been 
continuously promoted. The 2014– 2020 CAP identified six priorities (People’s 
Daily, 2017): (i) dissemination of knowledge and innovation in agriculture and rural 
areas; (ii) promoting the farm’s ability to adopt advanced technology and 
enhancing competitiveness; (iii) promoting the development of the agricultural 
industry chain and food supply chain; (iv) restoring, protecting, and strengthening 
ecosystems related to agriculture and forestry; (v) improving resource efficiency 
and supporting low-carbon development; and (vi) poverty reduction and 
economic development. Agricultural producers must meet the standards in areas 
such as food safety, animal welfare, and agricultural environmental protection 
and pass the inspection before receiving direct subsidies. In recent years, 
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environmental protection and climate change have been included in rural 
development policies. All member countries must use 30 percent of direct 
payments for green direct payments, including maintaining permanent grassland 
direct payment, crop diversification payment, and direct payment in key 
ecological areas. 
 China’s agricultural support policy has also begun to shift from supporting 
agricultural production to supporting the comprehensive development of 
agriculture and rural areas. However, the corresponding policy system still needs 
to be optimized and there is a lack of precise control methods in the form of 
support. Administrative promotion and management are still the main approaches.
 The European Union agricultural support policy has gone through a 
complicated and then simplified process and implementation efficiency has 
gradually improved. In the early stage, the CAP had only two major categories: 
export subsidies and price support. After the reform in 1992, this became four 
categories, and in 2016 there were as many as six categories. However, since 
2018, the CAP has been gradually simplified, such as by merging related projects 
and simplifying application procedures to give member states a certain degree 
of autonomy. In the budget for 2021– 2027, by merging related projects, 
simplifying the related procedures and giving member states a certain degree 
of autonomy, the number of CAP categories has been reduced to three (Zhang, 
Zhao and Yin, 2020). 
 China’s agricultural support policies are relatively complicated. Every 
year, more than 20 subsidy projects are formulated through relevant government 
departments, and local subsidy policies are also issued at the provincial and 
municipal levels. It is crucial to optimize and simplify the agricultural subsidy 
policy system, coordinate various policy objectives and support methods 
between departments and regions, and form a joint force to promote the green 
transformation and development of agriculture and rural revitalization.
 The European Green Deal attached particular importance to the 
establishment of the transition mechanism (i.e. transition fund) to increase 
management in high-carbon emission regions and industries and to improve 
public participation mechanisms, especially for the engagement of stakeholders. 
The Green Deal proposed increasing the green investment of public funds, 
unblocking green financing channels for the private sector, formulating and 
implementing green fiscal and taxation policies, and actively guiding green 
consumption. In contrast, China’s agricultural transformation policy has a large 
gap in this respect. It is necessary to focus on fair and reasonable promotion of 
green transformation and to increase support for green transformation in poverty 
areas and resource-exhausted areas. It is essential to strengthen the support for 
capacity development of green transformation in key regions on the basis of 
existing fiscal transfer payments, regional ecological compensation, and 
interprovincial twinning assistance. Moreover, it is important to raise public 
awareness of participation and improve the public’s right to know, as well as to 
innovate approaches to public participation, formulate and implement green 
investment and financing policies to alleviate the pressure on green transition 
funds, and guide the green consumption behaviour of the whole society.
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Chapter 4
Policy proposals 
and investment 
recommendations for 
China’s climate-smart 
agriculture

This chapter focuses on the political, institutional, and technological requirements  
to support the development of CSA in China and puts forward corresponding 
political recommendations. It proposes CSA-related strategies and action plans 
for China and puts forward framework proposals, including strategic goals, 
development concepts, main tasks, and priority areas. This chapter also draws 
lessons from the European Union’s and other countries’ experience in policies of 
agricultural transformation and puts forward the development direction and key 
content of China’s CSA on policy and institutional innovations. Based on China’s 
strategic targets for carbon peak and carbon neutrality, this chapter offers opinions 
on the development of CSA-related standard systems, laws, and regulations. 
Finally, based on the responsibilities and global contributions of the country, this 
chapter discusses the significance and main measures for strengthening 
international cooperation, exchanges, and experience sharing of CSA.

 4.1   FORMULATING THE DEVELOPMENT STRATEGY AND ACTION PLANS 
OF CSA IN CHINA
Promoting green and low-carbon agriculture is the major objective and approach 
of China’s agricultural transformation and development. Because of its effects 
on improving productivity and mitigating climate change, CSA has become a 
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mainstream model of sustainable development worldwide. Its development goals 
and paths are consistent with China’s agricultural green development. Especially 
in the strategic context of achieving carbon peak and carbon neutrality, it is 
necessary to formulate China’s CSA development strategy and action plans 
nationally. It is conducive to China’s extensive engagement in global governance 
to implement international climate change conventions and integrate China into 
the mainstream of international sustainable agricultural development. 
Furthermore, this strategy will contribute to reaching the peak of carbon dioxide 
emissions (carbon peak) by 2030 and achieving carbon neutrality by 2060.

4.1.1 China’s CSA development concept and strategic goals
The aim is to focus on the national rural revitalization strategy and sustainable 
development strategy by taking steps to (i) follow the concept of the triple-win 
goal of CSA to achieve food security, climate adaptation, and emissions reduction, 
and actively promote political and institutional innovations in agriculture and 
rural areas, and optimize management technologies; (ii) establish production 
models that are department-coordinated, resource-efficient, economically 
reasonable, and that enhance carbon sequestration and emissions reduction; 
(iii) establish a low-carbon management model for the entire agrifood system 
(from production, processing, and transportation to food market and 
consumption); (iv) comprehensively improve the overall efficiency, resilience, 
adaptability, and emissions reduction potential of the agricultural system; and 
(v) achieve a green agricultural transformation featuring efficient output, product 
safety, resource conservation, and environmental friendliness.
 By 2025, it is important to have given priority to establishing a group of 
CSA demonstration counties in China’s staple crop production regions. It is 
necessary to establish an agricultural green production system that is efficient, 
safe, low-carbon, circular, intelligent, and integrated; enhance integrated 
demonstrations of sustainable land management, agricultural landscape and 
biodiversity; implement the relevant policy and system reforms (e.g. agricultural 
ecological compensation, ecological product value realization mechanism, and 
departmental joint coordination); and significantly decrease GHG emissions in 
rural areas and improve farmland carbon sink capacity. The demonstration 
counties will take the lead in achieving carbon peak nationwide and developing 
CSA in China. 
 By 2030, objectives should be met to comprehensively demonstrate 
and promote CSA production models in national staple crop production zones 
and product protection areas; promote the agricultural green development 
system and low-carbon model; realize the whole process of mechanization in 
agricultural production as well as clean and complete recycling of agricultural 
waste; achieve comprehensive sustainable land management, a significant 
increase in agricultural landscapes and biodiversity, and increase the 
agroecological service functions of agriculture; and achieve the carbon peak 
and form green production and lifestyles.

4.1.2 Core tasks of China’s CSA
Construct a climate-smart crop production system. To construct a climate-smart 
crop production system requires a focus on enhancing resource use efficiency, 
preventing and mitigating disasters, stabilizing and increasing yield, and 
improving carbon sequestration and emissions reduction capabilities of farming 
systems as well as their resilience and adaptability to climate change. Furthermore, 
it is necessary to establish sustainable technology models, for example in soil 
and nutrient management, water management, integrated pest management, 
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CA, biodiversity conservation and use, and selection of crop varieties. Particular 
attention should be paid to reducing methane and nitrous oxide emissions in rice 
fields. Additionally, specific guidance should be provided in line with the different 
cropping systems.

Construct a climate-smart animal husbandry system. To construct an appropriate 
animal husbandry system requires a focus on establishing a modern livestock 
and poultry breeding system and working on increasing productivity, balancing 
grass and livestock, controlling pollution, and decreasing GHG emissions. 
Furthermore, it is crucial to promote technologies in areas such as improvement 
of livestock and poultry breeding, precision feeding to optimize feed return rates, 
manure management, and grassland management optimization. Particular 
attention should be paid to minimizing animal intestinal methane, faecal methane, 
and nitrous oxide emissions, and maximizing grassland carbon storage.

Construct a climate-smart energy system in rural areas. Creating an appropriate 
system for rural areas requires a focus on rural sustainable energy substitution 
and carbon emissions reduction from energy production and consumption for 
living. It is necessary to develop modern and sustainable bioenergy value chains 
such as biogas, bio-liquid fuels, and combustion for power generation produced 
from agricultural biomass (straw, livestock and poultry manure, etc.) and to 
demonstrate the zero-carbon village/county in order to contribute to carbon 
peak and carbon neutrality.

Construct a climate-smart and integrated land management system. Creating 
the appropriate system involves promoting an integrated and sustainable land 
management model based on nature-based solutions. Enhancing natural carbon 
sinks in forests, productive landscapes, wetlands, and coastal ecosystems can 
improve biodiversity, landscape restoration, and ecological reconstruction.

4.1.3 Improve the evaluation system and financial guarantees
CSA development relies on an accurate monitoring and evaluation system and 
diversified financial support system. Further optimizing the carbon emissions 
accounting system and financing mechanism in rural areas is the most urgent 
and important safeguarding measure.
 Improvements can be achieved by taking steps to (i) establish a special 
institution to research and develop monitoring, accounting, and third-party 
assessments for the carbon peak and carbon neutrality in agriculture; (ii) establish 
agricultural carbon emission targets and assessment systems for key regions 
and enterprises; (iii) regularly compile GHG emission lists; and (iv) form a system 
for annual reporting and verification of agricultural and rural GHG emissions 
reduction, carbon fixation, and fossil energy substitution, and incorporate this 
into the sustainability assessment indicators and incentive mechanisms of local 
governments and key enterprises, together with the prevention and control of 
agricultural non-point source pollution.
 Furthermore, it is necessary to accelerate the construction of financial 
guarantee mechanisms for CSA development. Special development funds should 
be set up at the national and provincial levels for climate change response and 
CSA development to support infrastructure improvement and enhance resilience 
to climate change and disasters. In addition, it is important to develop new 
financial products, explore innovative financing methods (e.g. bond issuance by 
market institutions), and establish a sound risk-sharing mechanism to support 
CSA development.
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 4.2  DEEPEN THE REFORM AND INNOVATIONS OF SUPPORTING POLICIES 
AND SYSTEMS FOR AGRICULTURAL DEVELOPMENT

4.2.1 Improve agricultural subsidy policies and guarantee their 
implementation
Since 2012, the Chinese government has issued a series of documents focusing 
on social and economic transformation and agricultural green development. 
These documents include the relevant guiding opinions and reform plans of the 
central government as well as development plans, action plans, and 
implementation plans issued by ministries and commissions. These efforts have 
contributed to the enabling environment for transformative development 
nationally. However, some challenges still exist. As agricultural transformation in 
China is in its infancy, it is mainly guided and driven by administration and policy; 
nevertheless, the driving capabilities of marketization and socialization are 
relatively weak. It is vital to reform and develop relevant policies for CSA and 
ensure their implementation.
 To make the required improvements it is important to learn from 
agricultural transformation support policies such as the Green Deal issued by 
the European Commission to develop targeted strategies and plan to achieve 
specific goals, as has been the case for the European Union Farm to Fork strategy 
with the Circular Economy Action Plan, the Clean Air, Water and Soil action plans, 
and others. China’s agricultural support policies need to accelerate reform and 
innovation in terms of content and methods: 

• First, enhance total support based on the idea of prioritized 
development of agriculture, rural areas, and farmers, and further 
strengthen support for agricultural and rural green development. 

• Second, gradually weaken policy approaches led by administrative 
promotion and enhance the driving capabilities of marketization and 
socialization. In particular, transform a large number of temporary, 
piloting, and demonstrative subsidies into long-term and stable 
institutional subsidies. 

• Third, expand the share of direct payments decoupled from current 
production. Attach importance to the decisive role of the market 
mechanism in resource allocation. 

• Fourth, balance the support of large-scale agricultural business 
entities and smallholders, appropriately limit the upper threshold of 
subsidies for large-scale business entities, and actively support the 
development of smallholders. 

• Fifth, formulate implementation guidelines and related safeguarding 
measures for the agricultural ecological compensation system and 
ecological product realization mechanism, and establish a market-
oriented and diversified ecological protection and compensation 
mechanism to support the adoption of CSA towards a green 
transformation. Action should be taken to clarify the main entities and 
their responsibilities, and optimize supporting policies related to 
monitoring, accounting and verification, green labelling, trading 
platforms, and regulatory accountability. Participation of farmers, 
enterprises, and the public needs to be galvanized by fostering 
extension services, promoting dedicated training and preparing 
capacity building initiatives.
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4.2.2 Build a departmental coordination mechanism and form a 
synergetic force for agricultural transformation
To promote climate-smart agriculture, it is necessary to effectively foster 
synergetic management and cooperation within departments. The current 
agricultural subsidy policies and funds are managed in different blocks. Many 
departments have issued relevant policies (e.g. the National Development and 
Reform Commission, MARA, the Ministry of Finance, the Office of Comprehensive 
Agricultural Development, and the Forestry Bureau). Nevertheless, the proposed 
policy objectives and subsidy methods are not completely consistent and 
sometimes even conflict with each other. As a result, the limited subsidy funds 
lack synergy. This decentralized and fragmented policy mechanism will directly 
lead to inefficiency in the management of subsidies.
 It is important to draw lessons from the policy formulation and 
implementation experience of developed countries. There is a need to establish 
a cross-departmental coordination mechanism, starting from the national 
strategic goal of promoting sustainable economic and social development and 
agricultural green transformation and strengthen top-level design. Green 
requirements should be comprehensively and systematically integrated into 
agriculture and rural areas, energy, industry, construction, environmental 
protection, resources, and other departments. Furthermore, goals, tasks, 
timetables, and roadmaps should be established in various fields and the 
coordination of funds and policies strengthened to form a joint force to promote 
the green transformation of the economy and society:

• First, establish a cross-departmental coordination mechanism, set up 
a specialized and coordinated organization and management 
institution for climate change response and transformation and 
development of agriculture and rural areas, and establish a public 
platform and mechanism for information sharing. 

• Second, establish a joint formulation and release mechanism for policy 
documents, formulate a unified timeline and roadmap, and assign 
tasks in accordance with the development strategy and action plan. 

• Third, explore the establishment of a coordination mechanism 
between the central government and local governments, and increase 
support for the green and low-carbon transformation of agriculture in 
special regions. There is a big gap between China’s regional social 
solutions and agricultural and rural development. As developed and 
underdeveloped regions have obvious different financial strengths, 
financing methods, and transformation paths, different supporting 
policies and evaluation indicators are needed according to the local 
contexts. 

4.2.3 Coordinate the reform of financial and management systems, and 
attract social forces
There is worldwide consensus on the need to build a balanced, healthy, and eco-
friendly agrifood system from farm to table (e.g. the Farm to Fork Strategy). There 
is also agreement on the importance of the development direction of China to 
promote CSA and green and low-carbon technologies and ensure the health and 
sustainable development of human life. The European Green Deal actively 
integrates many types of funds and introduces a green investment plan to 
promote the green transformation of the economy, which is a lesson worth 
learning for China’s CSA development.
 The steps in this process are to (i) first accelerate the improvement of 
economic policies that are conducive to green and low-carbon development (e.g. 
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price, taxation, and finance); (ii) increase financial support for climate change 
response and green agricultural transformation; (iii) focus on supporting R&D and 
the extension of CSA technology, capacity development, publicity education, and 
outreach; (iv) strengthen the subsidies for the extension, adoption, and services 
of green inputs; and (v) comprehensively apply various preferential tax policies 
(e.g. tax exemption, tax reduction, and tax deduction) to promote R&D and the 
application of low-carbon technologies and renewable energy in rural areas. 
 In addition, government procurement policies must be improved. This 
can be achieved by gradually establishing and improving a compulsory green 
and low-carbon government procurement policy system; increasing market 
demand for green and low-carbon products; and incorporating specialized low-
carbon and energy-saving services into government procurement. 
 At the same time, it is important to develop green finance and green 
credit, establish policy-based investment and financing institutions that support 
low-carbon development, and to guide social capital to invest extensively in 
green transformation. Financial institutions should be encouraged to innovate 
financial products and service methods; enterprises with advanced low-carbon 
technologies should be encouraged to enter the fields of agricultural and rural 
infrastructure; the private sector should be encouraged to invest in innovations 
in CSA; and public utilities and the public-private partnership (PPP) should be 
enhanced in order to enable them to implement CSA.
 Moreover, it is beneficial to promote innovations in service models 
such as contract energy management, third-party pollution control, and 
environmental trusteeship.

 4.3  ESTABLISH THE TECHNICAL SUPPORT AND LEGAL GUARANTEE 
SYSTEMS OF CSA

4.3.1 Strengthen the capacity development of technological innovation
CSA development requires the support of low-carbon green technologies to 
effectively diminish GHGs, improve the carbon sequestration of farmland soils, 
and foster the replacement of fossil fuels with renewable energy sources in rural 
areas. This must take into account the optimization of agricultural productivity, 
efficiency, and farmers’ income. In addition, this could eventually contribute to 
forming better agricultural and rural industrial structures, production, lifestyle, 
and spatial patterns that conserve resources and protect the environment. 
Technological innovation should focus on these goals as well as the application 
of basic research and key generic technologies. Basic research, key generic 
technologies, and the integration of demonstration and application must be 
carried out and implemented. Action should be taken to break through the 
technical bottleneck restricting the low-carbon and green development of 
agriculture, and to optimize climate change adaptation and disaster mitigation 
in crop production; such steps would contribute to food security and the effective 
supply of major agricultural products, as well as provide scientific and 
technological support to agricultural transformation and upgrading in China. 
Strengthening the PPP for the demonstration and extension of CSA would also 
be beneficial
 In terms of fundamental research, focus should be placed on finding 
breakthroughs in climate change adaptation and the resilience of crops, livestock, 
and grassland systems; the physiological and ecological mechanisms and 
regulation pathways of carbon sequestration and emissions reduction; and 
efficient use of resources. Technical approach and coordination mechanisms of 
the triple-win goal for food security, climate adaptation, and emissions reduction 
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in the agrifood system must be explored and clarified and a monitoring and 
evaluation methodology must be established.
 In terms of key innovations to be introduced, the focus should be placed 
on achieving breakthroughs in controlling GHG emissions from agricultural value 
chains. This can be accomplished by creating or enhancing carbon sinks; by 
ensuring stable and high-yield production technologies, including breeding for 
low-emission, resilient and high-yield cultivar selection; and by promoting 
approaches such as methane and nitrous oxide emissions control in rice fields, 
green agricultural production and agroecological management practices and 
technologies, soil carbon sequestration and soil fertility improvement, efficient 
use of water and fertilizer, integrated pest management, disaster mitigation, 
agricultural and forestry waste use and recycling, new energy development and 
use, biodiversity conservation, precision agriculture, and intelligent equipment. 
 In terms of technology integration and application, it is necessary to form 
mechanized, standardized, and intelligent low-carbon green production technology 
models that can be adapted to different regions and industries and share Chinese 
experience and models in coping with climate change through CSA.
 In terms of ensuring a gender-responsive approach to implementing 
CSA, the particular needs, priorities, and realities of both women and men need 
to be recognized and adequately addressed in the design and application of CSA, 
so that both women and men can equally benefit (Nelson and Huyer, 2016). It is 
important to support women’s access to adequate agricultural infrastructure and 
promote their adoption of CSA-related technologies and practices. The relevant 
technologies and equipment need to be designed and disseminated to reduce 
the burden of rural women’s work in agriculture. There is a need to develop the 
capacities of both men and women in a gender-sensitive manner, as well as to 
provide support services so that rural women’s access to technologies and 
innovations can be enhanced. It is important to use and optimize the tools for data 
collection and analysis for policy and research in CSA (Asfaw and Maggio, 2016).

4.3.2 Improve technical standards and the evaluation system
Incomplete monitoring and evaluation technical standards and insufficient ca-
pabilities are the main challenges in promoting green agricultural transformation 
and CSA. A complete system of green and low-carbon monitoring and evaluation 
mechanisms for agriculture and rural areas should be established, and the 
standardization and technical specifications of carbon emissions reduction 
methodology should be adjusted in line with international standards. These 
measures not only provide a scientific basis for the establishment of develop-
ment goals and assessment systems but also provide technical support for 
agricultural carbon emissions reduction and carbon trading.
 At present, some of the many CSA-related practices proven to be 
effective in optimizing productivity include: decreasing emission intensity per 
unit output or product, including intermittent irrigation to control methane; 
optimizing input (e.g. fuels, water and fertilizer) use efficiency; decreasing nitrous 
oxide emissions in rice production; improving animal health and feed digestibility, 
controlling intestinal methane, increasing the use efficiency rate of livestock and 
poultry waste, and decreasing methane and nitrous oxide emissions; improving 
soil quality and carbon sequestration of farmland and grassland; and using 
biomass (e.g. straw and livestock manure) to produce modern bioenergy (e.g. 
biogas and bio-liquid fuel). 
 However, because of the lack of technical specifications and monitoring 
and evaluation standards and methods, there are still challenges in formulating 
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agricultural subsidy standards and a carbon trading system. There is an urgent 
need to formulate and promulgate relevant national or industry standards.

4.3.3 Establish the legal safeguarding system
China’s policies and actions on green agricultural transformation are still in their 
infancy and incomplete laws and regulations are the prominent shortcoming. 
The lack of a legal basis for the basic positions, principles, goals, policy systems, 
and core institutions of green agricultural transformation at the national level has 
resulted in unclear responsibilities, difficulty in implementing relevant policies, 
and ineffective use of part of the subsidy funds. Therefore, it is necessary to 
establish and improve the legal system for promoting green transformation and 
CSA development; accelerate the formulation of laws and regulations on green 
development in agriculture and rural areas suitable for China’s national contexts; 
further clarify related principles, goals, systems, policies, and responsibilities; 
explore the related actions of green development under the current legal 
framework; and promulgate relevant regulations with legal effects.
 Speeding up the formulation of laws and regulations for low-carbon and 
green agricultural development is of great significance to establishing a climate-
smart production and consumption system. Legalization and institutionalized 
measures are important to ensure the continuous and stable progress towards 
carbon peak and carbon neutrality. 
 First, it is necessary to clarify the rights and obligations of all stakeholders 
in agricultural transformation and low-carbon green development and then to 
form a synergistic effect in line with policies and actions in various fields, and 
further optimize relevant laws and regulations, including in energy conservation 
and emissions reduction, the circular economy, environmental protection, and 
agriculture and rural areas. 
 Second, local and industrial departments should be encouraged to study 
and formulate corresponding management regulations and local regulations, in 
line with corresponding policy implementation and evaluation systems. Key 
regions and key enterprises should establish systems for prevention, accounting, 
and monitoring of carbon emissions and pollution in agriculture and rural areas. 
 Third, local and industrial departments should be guided to establish 
carbon emission certification systems, assessment and incentive mechanisms, 
and related standards to optimize the reporting and verification system of GHG 
emission inventories for regions, enterprises, and farmers. 

 4.4   STRENGTHEN COOPERATION AND EXPERIENCE SHARING OF CSA 
WORLDWIDE

4.4.1 Actively promote the international community’s joint efforts in 
climate change response
Coping with climate change requires cooperation and action from all countries 
in the world. Developing extensive international cooperation is an important part 
of the green transformation of agriculture and CSA development in China. The 
Chinese government has announced that China will strive to reach the peak of 
carbon dioxide emissions (carbon peak) by 2030 and to achieve carbon neutrality 
by 2060 and will continuously contribute to global climate change adaptation 
and mitigation.
 All countries in the world share the same destiny, benefits, and 
misfortunes when dealing with climate change. China is an important contributor 
to the Paris Agreement and an active practitioner in its implementation. On 12 
December 2020, Chinese President Xi Jinping delivered a speech at the Climate 
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Ambition Summit entitled Building on Past Achievements and Launching a New 
Journey for Global Climate Actions via a video link, announcing a series of new 
commitments for China’s Nationally Determined Contributions (Ministry of 
Foreign Affairs, 2020). Xi stressed the need to close ranks and make new advances 
in climate governance that feature cooperation and win-win situations. In addition, 
Xi mentioned that China welcomes all countries’ support for the Paris Agreement 
and their greater contribution to tackling climate change. Extensive international 
cooperation is an important part of China’s green agricultural transformation and 
the development of CSA. China adheres to the principles and basic systems of 
the United Nations Framework Convention on Climate Change (UNFCCC), actively 
and constructively participates in global negotiations on strengthening action 
targets for climate change after 2020, and works with the international community 
to establish a fair and reasonable global climate change system.
 With the new development concept and theme of promoting high-quality 
development, the Chinese government has already announced that it will strive 
to reach goals to peak carbon dioxide emissions before 2030 and achieve carbon 
neutrality before 2060 and make new and greater contributions to tackling 
climate change. 
 All 27 European Union member states committed to turning the European 
Union into the first climate-neutral continent by 2050. Additionally, 110 countries 
have pledged to achieve carbon neutrality by 2050. Therefore, the international 
community must work together to intensify actions to the greatest extent, 
according to their national contexts and capabilities, to form a new system of 
climate governance.

4.4.2 Strengthen cooperation with international organizations and 
developed countries
FAO actively advocates and promotes CSA worldwide in the context of the global 
challenges in areas such as the economy, environment, society, and resources. 
CSA aims to tackle three main objectives: sustainably increasing agricultural 
productivity and income, adapting and building resilience to climate change, 
and decreasing and/or removing GHG emissions, when possible. As an 
agricultural approach with new ideas and solutions, CSA has become the 
mainstream model of sustainable agricultural development generally recognized 
by the international community. 
 FAO has developed an important knowledge production series on CSA 
during the last few years. Climate-Smart Agriculture Sourcebook new edition 
(FAO, 2018a) includes new findings, case studies and lessons learned. Climate-
smart agriculture and the Sustainable Development Goals (FAO, 2019b) presents 
an assessment and mapping of CSA-SDG interlinkages and provides guidelines 
for the integration of the CSA implementation steps with the 2030 Agenda. 
Additionally, Operational guidelines for the design, implementation and 
harmonization of monitoring and evaluation systems for climate-smart agriculture 
(FAO, 2019c) aims to address the core constraints and needs of FAO Member 
States on both the design and implementation of M&E systems that can 
simultaneously address CSA and sector reporting requirements for the 2030 
Agenda, the Sendai Framework and the UNFCCC Paris Agreement. Climate-
smart agriculture case studies 2021 describes CSA case studies from around the 
world, showing how the approach is implemented to address challenges related 
to climate change and agriculture (FAO, 2021c). Synergies and trade-offs in 
climate-smart agriculture (FAO, 2021d) analyses the synergies and trade-offs 
that can occur within CSA, aims to develop a systematic characterization of 
possible synergies and trade-offs in CSA, and also provides a tool to guide CSA 
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practitioners through the assessment of synergies and trade-offs during the 
design and planning of CSA strategies or interventions. Crops and climate change 
impact briefs (FAO, 2022d) aims to provide a solid knowledge base for building 
or strengthening stakeholder capacities on CSA and applying CSA practices to 
five crops that are critical to the global agrifood sector: coffee, cowpea, maize, 
rice and wheat, reflecting the growing recognition of the need to share knowledge, 
best practices, lessons learned and experiences on CSA. A gender-responsive 
approach to CSA needs to be taken. CSA addresses the gender gap by recognizing 
the specific needs and capabilities of women and men, and by basing policy and 
research for gender integration with CSA on data collection and analysis (Asfaw 
and Maggio, 2016; Karttunen and Sisto, 2017; Nelson and Huyer, 2016). In addition, 
a series of FAO e-learning courses in Chinese about CSA and its practices have 
been developed (FAO, 2021e, 2021f). 
 Furthermore, in 2021 FAO launched the Global Action on Green 
Development of Special Agricultural Products: “One Country One Priority Product” 
(OCOP) (FAO, 2021g). This Global Action aims to develop green and sustainable 
value chains for special agricultural products, support small and family farmers 
reap the full benefits of a global market, help the transformation of current 
agrifood systems and ultimately support countries to achieve the Sustainable 
Development Goals (SDGs). In this regard, CSA is considered to be one of the key 
vehicles to achieving green development in plant production under OCOP.
 FAO, Global Environment Facility (GEF), the World Bank, CGIAR, and 
other international organizations, institutions, and funding agencies as well as 
some countries (e.g. the United States of America), regions, and political and 
economic unions (e.g. the European Union) attach great importance to CSA. Many 
CSA demonstrations and extension projects have been conducted globally and 
have achieved remarkable results. With the support of GEF and the World Bank, 
the China Climate-Smart Staple Crop Production (CSSCP) project has contributed 
to meeting the triple-win objectives of carbon sequestration and emissions 
reduction and increasing productivity and yield. The project has been recognized 
as one of the 32 best cases of nature-based solutions at the United Nations 
Climate Change Conference. 
 Furthermore, it is important for China to strengthen cooperation with 
international organizations and developed countries to explore sustainable, high-
yield, resilient, and low-emission models for agricultural development, which is 
of great significance in green agricultural transformation in China.

4.4.3 Share Chinese experience and wisdom 
Historically, China has been a large agricultural country with a weak economic 
foundation. China feeds nearly 20 percent of the global population with 9 percent 
of the world’s agricultural land and provides more than 25 percent of the world’s 
food and staple agricultural products. 
 There have been tremendous achievements in China’s development. 
China’s agriculture has begun transforming from quantitative growth to qualitative 
improvement, and to low-carbon and green agricultural production and rural 
lifestyles. Sharing the development solution and experience of agricultural 
transformation in China is of great importance for other developing countries 
and regions. In September 2019, the Climate-Smart Agricultural Development 
Model with Chinese Characteristics (carbon sequestration, emissions reduction, 
grain stabilization, and income increase) was recognized as one of the 32 best 
cases of nature-based solutions at the United Nations Climate Change Summit.
 South–South Cooperation and the Belt and Road Initiative are important 
channels for sharing the Chinese experience in agricultural transformation and 



development with the world. The aim is to actively promote green agricultural 
technologies for high yield and income, low-carbon technologies, climate-
adaption technologies, as well as the agricultural and product “go global” 
strategies. Another aim is to implement agricultural cooperation projects, 
establish information exchange mechanisms and capacity development 
activities, and build comprehensive demonstration zones so as to effectively 
contribute Chinese experience and technology to global green agricultural 
transformation and modernization.
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Climate-smart agriculture (CSA) is a comprehensive system that 
requires thorough consideration of local climate, natural environment, 
market demand, economic and cultural environment. FAO introduced 
CSA at the Hague Conference on Agricultural, Food Security and 
Climate Change in 2010 and has been strongly supporting it since 
then. The development of CSA in China contributes to reaching
its carbon peak by 2030 and carbon neutrality in China by 2060. 
This publication introduces China's CSA development and provides 
policy proposals. It contains four sections: the background and 
development status of China's CSA; practices and achievements of 
China's CSA, including analysing case studies such as the China 
Climate-Smart Staple Crop Production project funded by the Global 
Environment Facility (GEF); opportunities and challenges 
facing China's CSA; and national policy proposals and investments 
that include local schemes and smallholders for China's CSA. 
It is critical for China to strengthen its cooperation with international 
organizations to explore innovative, efficient, resilient, and 
sustainable climate-adaption technologies for the transformation 
of agrifood systems.
This publication is part of the Country Investment Highlights 
series under the FAO Investment Centre's Knowledge for Investment 
(K4I) programme.
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