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Abstract 
 
The agriculture sector in Asia and the Pacific region contributes massively to climate change, 
as the region has the largest share of greenhouse gas (GHG) emissions from agriculture. 
The region is the largest producer of rice, a major source of methane emissions. Further,  
to achieve food security for the increasing population, there has been a massive increase  
in the use of synthetic fertilizer and energy in agricultural production in the region over the 
last few decades. This has led to an enormous rise in nitrous oxide (N2O; mostly from 
fertilizer-N use) and carbon dioxide (mostly from energy use for irrigation) emissions from 
agriculture. Besides this, a substantial increase in livestock production for meat and dairy 
products has increased methane emissions, along with other environmental problems. In this 
context, this study conducts a systematic review of strategies that can reduce emissions 
from the agriculture sector using a multidimensional approach, looking at supply-side, 
demand-side, and cross-cutting measures. The review found that though there are huge 
potentials to reduce GHG emissions from agriculture, significant challenges exist in 
monitoring and verification of GHG emissions from supply-side measures, shifting to 
sustainable consumption behavior with regard to food consumption and use, and the design 
and implementation of regulatory and incentive mechanisms. On the supply side, policies 
should focus on the upscaling of climate-smart agriculture primarily through expanding 
knowledge and improving input use efficiency in agriculture, while on the demand side,  
there is a need to launch a drive to reduce food loss and waste and also to move towards 
sustainable consumption. Therefore, appropriate integration of policies at multiple levels,  
as well as application of multiple measures simultaneously, can increase mitigation  
potential as desired by the Paris Agreement and also help to achieve several of the United 
Nations’ SDGs. 
 
Keywords: agriculture, climate change, low-emission agriculture, Asia and the Pacific 
 
JEL Classification: Q15, Q18, Q24, Q54 
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1. INTRODUCTION 

The Asia and Pacific region accounts for almost 60% of the total global human 
population1 and have the largest agricultural production share. With large areas under 
rice cultivation, increased use of synthetic fertilizer, and increased livestock production, 
this region substantially contributes to global greenhouse gas (GHG) emissions from 
the agriculture sector. 2 Over the last five decades, the regional emissions from 
agriculture (crops and livestock) have increased by 144% (i.e., from 1,006 million tons 
of CO2 equivalent emissions in 1961 to 2,459 million tons of CO2 equivalent emissions 
in 2012). 3 Moreover, the demand for livestock products is predicted to double in 
developing countries by the year 2050 due to population growth. 

The contribution of agriculture, forestry, and other land use (AFOLU) constituted nearly 
24% of total global GHG emissions in 2010(IPCC 2007, 2014). Of the total global GHG 
emissions from the AFOLU sector in 2010, the share of Asia (i.e., 44%) was the largest 
(IPCC 2014). During the same period, the share of the AFOLU sector in total GHG 
emissions was relatively much larger in some Southeast Asian countries (e.g., 39%  
in Malaysia, 71% in Indonesia, and 97% in the Lao People’s Democratic Republic) 
(USAID 2017). In addition, Asia includes the two most populous and emerging 
economies of the world, India and the People’s Republic of China (PRC), where 
agriculture is still one of the major sectors contributing significantly to their gross 
domestic product (GDP) and also to total GHG emissions (Huang et al. 2019; Aryal  
et al. 2020b). Therefore, a clear understanding of GHG emissions from this sector and 
its transformation towards low-emissions development is essential to reduce GHG 
emissions and to avert the worst impacts of future climate change.  

Another crucial issue with AFOLU sector is that it has to address the challenges of 
climate change and the growing demand for food, fiber, and wood simultaneously 
(Smith et al. 2013). Emissions reduction in this sector, therefore, needs to be achieved 
such that the production of food, fiber, and wood products that are essential for human 
consumption is not compromised. Looking into future human population growth, dietary 
changes due to economic growth, and climate challenges, it is estimated that the total 
demand for crops and grass could increase by 35% to 165% between 2010 and 2100 
(Bijl et al. 2017). More importantly, the global food demand scenarios show a strong 
increase in animal-based products, primarily in developing countries (Bodirsky et al. 
2015). Accordingly, there is a need to assess multiple factors, including demand, 
supply, and other institutional factors, while transforming the AFOLU sector into a  
low-emissions development pathway (Sutton, Erisman, and Oenama 2007; Smith et al. 
2013; Pradhan et al. 2017, 2019; Zeng et al. 2020). 

The AFOLU sector is one of the major emitters of non-CO2 GHGs, mainly nitrous oxide 
(N2O) and methane (CH4) (Sirohi and Michaelowa 2007; Chhabra et al. 2013; Zhang  
et al. 2013, 2021). Given that existing agriculture production practices are more carbon 
intensive, there is a substantial potential to reduce GHG emissions from this sector if 
proper policies to promote the use of less carbon-intensive production methods are 
applied (Huppmann et al. 2018; IPCC 2018). Responsible consumption and preventing 
food waste and loss can contribute immensely to avoiding the GHG emissions from 
agriculture (United Nations Environment Programme 2021a). Therefore, agriculture is 
one of the critical sectors in the climate change solution. 

 
1  https://asiapacific.unfpa.org/en/node/15207. 
2  https://www.fao.org/resources/infographics/infographics-details/en/c/271649/. 
3  https://www.fao.org/resources/infographics/infographics-details/en/c/271649/. 
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After 1990, the relative share of GHG emissions from the AFOLU sector to total GHG 
emissions (including emissions from energy, transportation, industry, etc.) has 
declined. This is primarily due to the more rapid increase in emissions from other 
economic sectors, such as energy, and transport, as well as the declining rate of 
deforestation (FAO/IFA 2001; FAO 2013). Against this backdrop, this study has the 
following objectives: (i) to examine the trend of GHG emissions in the agriculture 
sector, primarily agriculture and livestock; (ii) to review the potential to reduce GHG 
emissions from agriculture and livestock; and (iii) to analyze critically how this  
sector can contribute to both climate change mitigation and food security goals 
simultaneously. This study uses data and information from many national and 
international organizations, including the Food and Agriculture Organization (FAO), 
World Bank, Asian Development Bank (ADB/ADBI), United Nations Framework 
Convention on Climate Change (UNFCCC), and Intergovernmental Panel on Climate 
Change (IPCC). Further, this paper extensively reviews the varied literature on climate 
change and agriculture to examine the challenges and prospects of agricultural GHG 
mitigation in Asia and the Pacific region.4 

The remaining sections of the study are outlined as follows. The second section 
highlights the current status of GHG emissions from the AFOLU sector in Asia and the 
Pacific region. The third section reviews the potential of GHG mitigation from the 
AFOLU sector, while the fourth section presents the critical analysis/reviews of  
climate change mitigation policies and measures taken to reduce GHG emissions at 
multiple levels, with a focus on attaining both low-emissions agriculture (i.e., in line  
with the SDG of climate action) and also improving food security (i.e., in line with  
SDG of reducing poverty). The last section concludes the study with some key 
recommendations.  

2. AFOLU SECTOR GHG EMISSIONS  
IN ASIA AND THE PACIFIC 

This section presents the total GHG emissions from the AFOLU sector over the period 
1960–2018 in Asia and the Pacific, and compares this with other regions of the world. 
Overall, this section presents the importance of reducing GHG emissions from the 
AFOLU sector to achieve the Paris climate goals of keeping the temperature rise to 
below 2°C and averting the catastrophic impacts of future climate change.  

2.1 Emissions from Agricultural Activities 

2.1.1  Methane Emissions from Paddy Rice 

Countries in Asia and the Pacific region are the major producers and consumers of rice 
globally. About 90% of global rice is produced in this region, and the region accounts 
for nearly 87% of global rice consumption.5 Of the top ten rice-producing countries 
globally, the first nine countries belong to this region. The PRC is the largest producer 
of rice globally (about 30%), which is followed by India (24%), Indonesia (7%), 
Bangladesh (7%), Viet Nam (5%), Thailand (4%), about 1% each in Myanmar, 
Philippines, and Japan. In 2018–2019, the PRC produced 148.5 million metric tons  
of rice, and India produced 116.48 million metric tons. As methane emissions from 

 
4  This study follows the definition set by the Asian Development Bank (ADB) while defining the region and 

countries under it.  
5  https://ricepedia.org/rice-as-a-crop/who-grows-rice. 
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global rice cultivation account for almost 50% of all crop-related GHG emissions, Asia 
and the Pacific contribute significantly to global anthropogenic methane emission 
(Kritee et al. 2018). 

Global warming may increase methane emissions from rice paddies in the future  
(van Groenigen, van Kessell, and Hungate 2013; Zhang et al. 2020). The PRC’s share 
of GHG emissions from agriculture is thus expected to increase with higher methane 
emissions from paddy rice (Yue et al. 2017). Figure 1 presents the methane emissions 
from rice production (in CO2eq) in Asia and the rest of the world. It shows that about 
87% of the methane emissions from rice cultivation come from Asia. 

Figure 1: Emissions from Rice Cultivation in Asia and the Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

2.1.2  Emissions from Inorganic Fertilizer Use 

Inorganic fertilizer use is accountable for almost 30% of N2O emissions from the 
agriculture sector (IPCC 2014). A large quantity of GHGs, including CO2, CH4, and 
N2O, are also emitted during the manufacturing and transportation of inorganic fertilizer 
(Tian et al. 2020; Cui et al. 2021; Liang et al. 2021). In total, agriculture contributes 
around 60% of global N2O emissions (Foley et al. 2011). As excessive use of inorganic 
fertilizer in agriculture is a major source of N2O emissions from agriculture (Lu and Tian 
2017; Aryal et al. 2021a), its proper use is essential for achieving climate goals stated 
in UN SDGs and the target of the Paris Agreement to remain below a 2°C warming 
threshold.  

Emissions from inorganic fertilizer vary with management factors and variations in 
climatic and edaphic factors (Chen et al. 2015). The loss of applied nutrients into the 
environment during agricultural production results in fertilizer-induced N2O emission 
(Sutton, Erisman, and Oenama2007). Almost 60% of the nitrogen pollution that 
emanates from crop production is related to nitrogen fertilizer application (Sapkota  
et al. 2018). In Asia and the Pacific, India and the PRC are the largest emitters, as they 
are responsible for about 70% of total fertilizer-related N2O emissions (Lassaletta et al. 
2014). The GHG emissions (CO2eq) from synthetic fertilizer increased by 9.5 times 
from 0.0629 gigatons in 1961to 0.6005 in 2019, primarily due to an increase in the use 
of synthetic fertilizer in Asia. Until 1990, GHG emissions from synthetic fertilizer in Asia 
were lower than those in the rest of the world, but after 1990, emissions were greater 
than in the rest of the world (see Figure 2).  
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Figure 2: Synthetic Fertilizer Emissions in Asia and the Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

2.1.3  Emissions from Burning of Crop Residues 

Burning crop residues on farms contributes substantially to CO2 emissions and air 
pollution in many countries of Asia (Streets et al. 2003; Lohan et al. 2018; Wu et al. 
2020; Bajracharya, Mishra, and Maharjan 2021; Shen et al. 2021). In 2017–2018, 
nearly 116 million tons of crop residue were burned in India, which emitted 176.1 Tg of 
CO2, 313.9 Gg of CH4, and 8.14 Gg of N2O (Venkatramanan et al. 2021). In 2003, it 
was estimated that about 110 Tg of crop residue were burned in the PRC, which is 
almost 44 % of all crop residues burned in Asia in that year (Streets et al. 2003). GHG 
emissions from residue burnings of rice, wheat, and corn comprise more than 85% of 
the total crop residue burned (Zhang et al. 2019). Figure 3 shows that emissions from 
crop residue burning increased from 0.241 gigatons to 0.367 gigatons over the last  
six decades, and the trend of growth is comparatively similar in Asia and the rest of  
the world.  

Figure 3: Emissions from Crop Residue Burning in Asia  
and the Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 
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2.1.4  Emissions from Manure Left on Pasture and Manure Management 

Manure left on pasture and manure management emit large amounts of methane and 
N2O, which jointly account for almost 18% of total agricultural emissions (almost 
equivalent to the emissions from synthetic fertilizer use in agriculture6). The emissions 
factors and inventory from manure management differ by region and management 
system, due to the multitude of microbial activities in the manure environment.  
For instance, in India, methane emissions from bovine manure management  
varied from 0.8 to 3.3 kghead−1year−1, while the N2O emissions varied from 3 to 
11.7 mghead−1year−1 from solid storage of manure (Gupta et al. 2007). In Asia and the 
Pacific region, manure management has become a major problem due to more 
intensive production of livestock (Petersen et al.2013).  

Figure 4: Emissions from Manure Applied to Soil in Asia and Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

Figure 5: Emissions from Manure Left on Pasture  
in Asia and the Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

  

 
6  https://www.fao.org/resources/infographics/infographics-details/en/c/271649/. 
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Figures 4 and 5 show emissions from manure applied to soil and manure left on 
pasture, respectively, in Asia and the rest of the world. Manure applied to soil 
increased from 0.11 gigatons in 1961 to 0.16 gigatons in 2019, while the share of 
application in Asia increased from 22% to 45%. Emissions from manure left on pasture 
increased from 0.39 gigatons in 1961 to 0.76 gigatons in 2019, and Asia is responsible 
for 69% of the total emissions from manure left on pasture. 

2.1.5  Emissions Due to Irrigation and Other Management Practices 

Irrigation, input management practices, and energy use in farm operations affect the 
GHG emissions from agricultural production. Have the second largest quantity of 
irrigated land in the world, GHG emissions from irrigation in the PRC significantly 
influence the global mitigation potential. In 2010, it was estimated that agricultural 
irrigation in the PRC emitted 36.72–54.16 Mt of CO2 equivalent emissions (Zou et al. 
2015). Energy used for irrigation is responsible for about  70% of total emissions from 
energy activities in the agriculture sector (Wang et al. 2012; Zou et al. 2015). 
Nevertheless, irrigation strategies matter a lot for GHG emissions (Islam et al. 2020; 
Sapkota et al. 2020). Flood irrigation is the major source of methane emissions from 
rice, indicating that reduced irrigation would be an effective way to lower methane 
emissions. Conversely, the rate of CO2 emissions is usually higher under low irrigation, 
whilst most studies found low N2O emissions in continuously flooded irrigation (Sapkota 
et al. 2020). Between 1980 and 2015, the intensification of agriculture increased  
food production in India by 2.5 fold while it increased GHG emissions threefold  
(Benbi 2018). 

2.2 Emissions from Livestock 

Livestock constitutes an integral component of the agriculture sector in the Asia and 
Pacific region, though in varying degrees. It is also a major source of GHGs emissions. 
In East Asia, annual methane emissions from livestock in 2019 was 13.22 Tg, 
accounting for an increase of 231% since 1961 (Zhang et al. 2021). A major reason 
behind the increasing emissions from livestock is the rising demand for meat products 
in Asia over the past six decades. Figure 6 shows that meat production increased  
4.8 times from 71.4 million tons in 1961 to 342.4 million tons in 2018. The share of Asia 
in global meat production increased from 12.7% to 42% during the same period.  

Figure 6: Meat Production in Asia and the Rest of the World 
(in million tons) 

 

Source: Author’s compilation from FAOSTAT. 
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2.2.1  Emissions from Enteric Fermentation 

Emissions from enteric fermentation vary by region, age group, and animal breed. 
Methane emissions due to enteric fermentation is higher among ruminant livestock 
(cattle, buffalo, sheep, and goats) (Chang et al. 2019). In India, of the total methane 
emissions from livestock in 2003,enteric fermentation constituted nearly 91% (Chhabra 
et al. 2013). Cattle (55%) and buffalo (37%) are the major contributors to GHG 
emissions, and enteric CH4 constituted almost 90% of the total GHG emissions from 
livestock (Patra 2017).  

Figure 7compares the emissions from enteric fermentation between Asia and the rest 
of the world. The emissions from enteric fermentation increased 1.5 times from  
1.8 gigatons in 1961 to 2.8 gigatons in 2019, and the share of Asia in global enteric 
fermentation emissions increased from 29% to 36%. 

Figure 7: Emissions from Livestock Enteric Fermentation  
in Asia and the Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

2.2.2 Feed Management 

Feed efficiency is one of the key drivers of productivity, resource use, and GHG 
emissions intensities from the livestock sector; however, it varies largely across 
production systems, animal types, and animal products (Herrero et al. 2013). 
Therefore, application of better feed management measures in forage quality, feed 
processing, and precision feeding can help reduce methane emissions and  
prevent excessive nitrogen release into the environment by the livestock sector  
(Gerber et al. 2013). 

Lower quality feeding practices explain why Asia has the highest share of enteric 
methane emissions compared to other regions in the world. For instance, the enteric 
methane emissions of producing nearly 46.3% of ruminant milk and meat energy by 
North America, Eastern and Western Europe, and the non-EU former Soviet states in 
2005 was only 25.5%. Conversely, in the same year, Asia, Africa, and Latin America 
produced 47.1% of ruminant meat and milk energy, which was associated with 69% of 
enteric methane emissions (O’Mara 2011). The livestock sector has a large influence 
on global nitrogen flows and emissions, as it currently emits one-third of current 
human-induced nitrogen emissions (Uwizeye et al. 2020). 
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2.3 Emissions from Forest and Land Use 

Deforestation and other land-use changes due to agricultural practices are projected to 
contribute about 17% of total global GHG emissions (IPCC 2007, 2014).Forest and 
other land uses were responsible for about 12% of emissions from 2000 to 2009 (IPCC 
2014). Analyzing satellite observations of gross forest cover loss and a map of forest 
carbon stocks across tropical regions, it was estimated that 0.81 petagrams of carbon 
emissions per year are due to deforestation (Harris et al. 2012). Moreover, in the 
1990s, the highest level of deforestation occurred in insular Southeast Asia, especially  
in humid tropical regions (Miettinen, Shi, and Liew 2011). Given that the forest 
ecosystems in insular Southeast Asia are an area with exceptionally high biodiversity 
and also with a large amount of carbon stored in forested peat lands, deforestation in 
this region has severe consequences for global GHG emissions and climate change. 
Figure 8 shows the emissions from net forest conversion to other land use in Asia and 
the rest of the world since 1990. 

Figure 8: Emissions from Net Forest Conversion to Other Land Use  
in Asia and Rest of the World 

 

Source: Author’s compilation from FAOSTAT. 

3. MITIGATION POTENTIAL IN THE AFOLU SECTOR 

The AFOLU sector has a large potential to mitigate GHG emissions and also to 
sequester carbon in soils. To realize these potentials, we need to adopt improved 
technology in the farming system (Malla et al. 2005; Kahrl et al. 2010; Aryal et al. 2015; 
Hasegawa and Matsuoka 2015; Pradhan, Chaichaloempreecha, and Limmeechokchai 
2019); better management of inputs such as water, energy, and fertilizer (Zhang et al. 
2013); improved irrigation methods (Wang et al. 2012); better livestock management 
(Mottet et al. 2017; Enahoro et al. 2019); and better institutional arrangements (Aryal  
et al. 2020b). In the agricultural sector, livestock manure and enteric fermentation 
represent about 32% of emissions, and rice cultivation produces 8% of global 
anthropogenic emissions (United Nations Environment Programme 2021b). In addition 
to these supply-side mitigation measures in the AFOLU sector, the use of demand-side 
mitigation measures is also crucial if the target of keeping the temperature rise  
below 2°C is to be achieved. To achieve low-emissions agricultural development, it is 
essential to address the root cause of agricultural emissions, particularly the rising 
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demand for carbon-intensive agricultural products (Dickie et al. 2014). Both supply- and 
demand-side GHG mitigation measures in the agriculture sector are discussed below. 

3.1 Supply-Side Mitigation Measures 

3.1.1 Mitigation Options in Agriculture 

The agriculture sector has a large potential to mitigate GHG emissions by employing 
efficiency-enhancing agricultural practices (Smith et al. 2008; Aryal et al. 2020b; Kiran 
Kumara, Kandpal, and Pal 2020). Conservation agriculture (CA), improved agronomic 
practices, appropriate nutrient management, reduced tillage and residue management, 
water management, and agro-forestry are some of the key management practices that 
have GHG mitigation potential (IPCC 2007). 

Conservation Agriculture  

Conservation agriculture (CA) is an agricultural practice that combines reduced or zero 
tillage with permanent soil cover and crop diversification, including legumes.7 Unlike 
conventional, tillage-based agricultural practices, CA contributes to GHG mitigation  
by increasing soil organic carbon (SOC) (Lal 1997)and also improving soil quality 
parameters compared to conventional agriculture (Page, Dang, and Dalal 2020). Yet, 
some studies report carbon sequestration potential under CA is much less than what is 
usually claimed (Powlson et al. 2016, 2014). 

Practicing conventional, tillage-based rice-wheat cropping systems on one million 
hectares of the Indo-Gangetic Plains emits about 29 Mg CO2yr−1, while it would be  
14 Mg CO2yr−1 if CA is applied to the same area of land (Grace et al. 2003). Grace  
et al. (2012) projected that following zero tillage in the rice-wheat system of India could 
sequester 44,100 Gg of carbon over 20 years. Shifting from a conventional, tillage-
based wheat production system to a zero-tillage-based wheat production reduces GHG 
emissions by 1.5 Mg CO2eq ha−1 yr−1 (Aryal et al. 2015), and following zero tillage with 
residue retention helps reduce GHG emissions from residue burning (Jat et al. 2021). 
Nevertheless, regional climate variation largely determine the carbon sequestration 
potential of CA (Sun et al. 2020). Residue retention in the CA system is crucial to SOC 
concentration (Zhang et al.2014).  

Site-Specific Nutrient Management 

Soil nutrient management is a crucial factor associated with the GHG emissions from 
agriculture and, thus, has massive mitigation potential (Lenka et al. 2017). Proper use 
of chemical fertilizers is crucial to nutrient management. Studies on the North China 
Plain show that both cumulative and yield-scaled N2O emissions from maize fields 
increase exponentially if fertilizer-N is applied above the optimum rate (Song et al. 
2018). Site-specific nutrient management (SSNM) in rice helps reduce global warming 
potential by 2.5%, or about 12%–20% in wheat (Sapkota et al. 2021). Following 
nutrient expert (NE)-based fertilizer recommendations in the rice-wheat cropping 
system, India could produce more food with less synthetic fertilizer and reduce GHG 
emissions by about 5.34 Mt CO2eq per year (Sapkota et al. 2021). In the northeast 
PRC, the adoption of the NE system in maize production has reduced reactive nitrogen 
losses by 47% and GHG emissions by 37.2% (Wang et al. 2020). Similarly, the 
adoption of NE in rice production has reduced reactive nitrogen losses by 10.1% and 
GHG emissions by 6.6% (Wang et al. 2020). 

 
7  https://www.fao.org/conservation-agriculture/overview/what-is-conservation-agriculture/en/. 
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Laser Land Leveling 

Laser land leveling (LLL) helps reduce irrigation water loss and thus energy use for 
irrigation. Compared to traditionally leveled and unleveled fields, LLL helps reduce total 
irrigation duration significantly—by about 70 h ha−1 rotation−1 (Aryal et al. 2015). 
Further, energy use for irrigation in the rice-wheat system is much lower in laser-
leveled fields (almost 754 kWh less) compared to traditionally leveled fields (Aryal et al. 
2015). Given the coal-dependent electricity generation system in India, LLL reduces 
about 0.15 Mg of CO2eq of emissions per year if the rice-wheat system is followed  
in a hectare of land (Gill 2014). A study of Cambodia, the Philippines, Thailand,  
Viet Nam, and India showed that LLL saved energy of 3.0–6.9 GJ ha−1, thereby 
decreasing GHG emissions by 1,151–1,186 Kg CO2eq ha−1 in rice production (Nguyen-
Van-Hung et al. 2022). 

Water Management 

Water management practices like alternate wetting and drying (AWD) in rice, soil-water 
potential scheduling in crops, and alternative irrigation methods such as drip and 
sprinkler irrigation are crucial in mitigating GHG emissions from agriculture, along with 
maintaining production under water stress (Sibayan et al. 2018; Sapkota et al. 2020; 
Enriquez et al. 2021). At the global level, flooded rice accounts for approximately 12% 
of anthropogenic emissions from agriculture (Wassmann, Hosen, and Sumfleth 2009; 
Richards and Sander 2014). Although studies have shown variations in the reduction of 
methane emissions under AWD practices, most studies agree that it reduces methane 
emissions. For example, IPCC (2006) reports a 48% reduction in methane emissions 
under AWD practices; Richards and Sander (2014)report that it can be between  
20% and 70%; and LaHue et al. (2016) showed that it reduces methane emissions by 
60%–87%. 

Soil and water potential (SWP) scheduling is another option to reduce N2O and 
methane from rice production. Compared to AWD, seasonal N2O emissions were 
significantly lower in the broadcast-SWP (by 64%) and liquid fertilizer-SWP (by 66%) 
treatments (Islam et al. 2020). Also, SWP reduced methane emissions by 34%.Water 
management and irrigation intensity considerably affect the GHG emissions from 
intensive vegetable production in the Republic of Korea (Kim et al. 2014). The global 
warming potential per unit of pepper fruit yield was reduced by almost 50% in a 
treatment that maintains soil water potential at 50 kPa through controlled irrigation.  
In the North China Plain, Mehmood et al. (2021) found that irrigation methods and 
irrigation scheduling levels affect cumulative CO2 and methane emissions. Drip 
irrigation at 60% field capacity reduces global warming potential by 9% compared to 
the other irrigation methods examined (Mehmood et al. 2021).  

Agroforestry System 

The agroforestry system (AFS) contributes to GHG mitigation by storing carbon 
aboveground in the form of biomass and belowground in the form of soil organic 
carbon (Dhyani et al. 2020; Mayer et al. 2022). Compared to coniferous species, an 
AFS with broadleaf tree species sequesters more soil organic carbon (Mayer et al. 
2022). Although the carbon sequestration potential of AFS can be improved and can 
vary by climatic zones, its basic potential is estimated to be 0.29–15.21 Mg ha−1 year−1 

(Dhyani et al. 2020). The mitigation potentials of AFS in India and Pakistan are  
25.4 MgC ha−1 and 29.7 MgC ha−1, respectively (Sathaye et al.2001). Under the AFS, 
carbon sequestration aboveground is between 0.23 and 23.55 Mg C ha−1 yr−1and 
belowground is from 0.03 to 5.08 Mg C ha−1 yr−1 (Kumar and Kunhamu 2021). 
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3.1.2  Mitigation Options for Livestock 

Improving livestock management can reduce the emissions intensity of livestock 
production (Nugrahaeningtyas et al. 2018). Feed management, genetics, and animal 
health improvements; improved grazing management practices; and the use of energy-
efficient livestock shelters are among the major strategies to reduce GHG emissions 
from livestock (Thornton and Gerber 2010; Thornton and Herrero 2010). Given that  
the livestock sector emits more GHG to the atmosphere than the entire global 
transportation sector (Gerber and FAO 2013; Rojas-Downing et al. 2017), improved 
livestock management is essential to reduce its environmental footprint (Tullo, Finzi, 
and Guarino 2019). 

Feed management substantially reduces GHG emissions from livestock (Ouatahar  
et al. 2021).Nutrition and feeding approaches can reduce methane per unit of energy-
corrected milk by 2.5%–15% (Knapp et al. 2014). Improved fodder management,  
along with better herd health and genetics, reduces methane intensity by almost 
14.6%–43.2% and also increases milk yield (Habib and Khan 2018). In the case of 
lactating dairy cows, diet management can reduce enteric methane emissions by 
almost 60% (Roque et al. 2019). Similarly, a combination of hydrolysable tannin and 
condensed tannin at a concentration of 1.5% dietary dry matter helps reduce methane 
emissions from beef cattle without negatively affecting animal performance (Aboagye 
et al. 2018). Table 1 provides some estimates of methane emissions from improved 
feeding practice, dietary additives and animal breeding.  

Table 1: Methane Emissions from Improved Livestock Management 

Mitigation Potential Dairy Cows Beef Cattle Sheep Dairy Buffalo Non-diary Buffalo 

Improved feeding practice 0.04 0.02 0.02 0.04 0.02 

Dietary additives 0.01 0.01 0.0005 0.01 0.002 

Animal breeding 0.01 0.01 0.001 0.01 0.02 

Note: all figures are in (MgCO2 ha−1 yr−1). 

Source: (Smith et al. 2007). 

3.1.3  Mitigation Options in Forest and Other Land Use  

Afforestation, reducing energy use in forestry, and better land-use planning are 
important GHG mitigation strategies. Forster et al. (2021) have shown that forest 
growth rate is crucial in determining cumulative mitigation. Non-forested degraded 
lands and forested degraded lands in India account for 93.68 mha and 35.89 mha, 
respectively, so there is a massive potential to sequester increased CO2 through 
massive afforestation programs. For instance, converting 40 mha of the surplus 
degraded lands into forest area can mitigate approximately 3.32 Gt in the next 50 years 
(Singh and Lal 2000). Afforestation also improves soil organic carbon storage and 
reduces soil erosion (Shi et al. 2015). Edaphic properties and microbial attributes 
induced by land-use change can, however, influence the level of GHG mitigation  
(Chen et al. 2021). 

3.2 Demand-Side Mitigation Measures 

3.2.1  Reduce Food Loss and Waste 

Reducing food loss and waste (FLW) can substantially help reduce GHG emissions 
from agriculture (FAO 2018). About 40% of all food produced is not consumed by 
human beings and is either lost or wasted. FLW accounts for about10% of global GHG 
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emissions from food production(United Nations Environment Programme 2021a). 
Approximately 1.2 billion tons of food are lost on farms, while about 931 million tons are 
wasted at the retail and consumption stages.8 

A recent study by Xue et al. (2021) has shown that nearly 27% of food annually 
produced is lost or wasted in the PRC. Their study also claims that the land, water, 
carbon, nitrogen, and phosphorus footprints associated with total FLW in the PRC is 
almost equivalent to the total carbon footprint of the United Kingdom. In 2013, South 
and Southeast Asia had the highest FLW-associated GHG emissions. Compared with 
other regions of the world, industrialized Asia has the highest FLW and the highest 
FLW-associated GHG emissions (Guo et al. 2020). More interestingly, the household-
level average food waste (kgcapita−1year−1) is highest among the lower-middle-income 
countries (91 kgcapita−1year−1), followed by high-income countries (79 kgcapita−1year−1) 
and upper middle-income countries (76 kgcapita−1year−1) (United Nations Environment 
Programme 2021a). This shows that reducing FLW is one of the possible alternatives 
to reduce GHG emissions. For this, there is a need to develop specific programs 
related to consumer awareness about the adverse impacts of FLW on overall human 
society. 

3.2.2  Reduce Demand for Livestock Products or High  
Carbon-Intensity Food 

Increasing demand for livestock products is one of the reasons behind the higher GHG 
emissions from agriculture. The contribution of livestock to total global GHG emissions 
is about 10%of global GHG emissions, and this reaches almost 18% if lifecycle 
assessment (i.e., including emissions occurring at input levels such as feed production, 
processing, and land-use change, and emissions related to processing and 
transportation) is followed (Gerber et al. 2011; O’Mara 2011; FAO 2013). For instance, 
as livestock units in the PRC have more than tripled in the last three decades, the GHG 
emissions from this sector have almost doubled, and nitrogen losses to watercourses 
have tripled (Bai et al. 2021). Such a massive change in the PRC has a global impact 
on GHG mitigation (Yue et al. 2017; Bai et al. 2021; Si, Aziz, and Raza 2021). As the 
production of a kilogram of cattle meat emits nearly 45 times more GHGs than 
producing the same amount of chicken meat, 9  shifting from high- to low-carbon 
intensive food can substantially reduce GHG emissions. Although it is difficult to  
apply regulatory mechanisms to consumption behavior, it is possible to disseminate 
knowledge of how carbon-intensive food can deteriorate our environment and our 
existence. Some incentive mechanisms for the consumption of low-carbon intensive 
food can also be applied. 

3.2.3  Reduce Emissions from Overall Food System 

Existing food systems are accountable for one-third of global anthropogenic GHG 
emissions, so it is crucial to modify these food systems to reduce emissions (Clark  
et al. 2020). In 2015, food-system emissions was estimated to be 18 Gt CO2eq globally 
(i.e., 34% of global GHG emissions);of total emissions, 71% was from agriculture and 
land-use change, and the remaining 29% was from supply chain activities (Crippa et al. 
2021). Household consumption patterns and level of economic progress will largely 
determine the GHG emissions from the future food system. Therefore, lifestyle 

 
8  https://www.worldwildlife.org/press-releases/over-1-billion-tonnes-more-food-being-wasted-than-

previously-estimated-contributing-10-of-all-greenhouse-gas-emissions. 
9  https://www.fao.org/3/cb1329en/online/cb1329en.html#chapter-4. 
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changes, including changes in food habits, are crucial to complement low-emissions 
development (Bjelle et al. 2021).  

3.3 Cross-Cutting Issues 

3.3.1  Agricultural Subsidies 

The agriculture sector annually receives around US$600 billion in government  
support worldwide (Laborde et al. 2021).Although agricultural subsidies can have 
heterogeneous effects on agricultural emissions (Guo et al.2021), it can also 
incentivize high-emissions farming systems. Beef, dairy, and rice are three major 
agricultural products that account for over 80% of agricultural GHG emissions. In many 
Asian countries, the production of these emissions-intensive commodities is supported 
by subsidies and other government supports (Badiani, Jessoe, and Plant 2012;  
Aryal et al. 2015). For instance, the fertilizer subsidy policy has led to unbalanced 
fertilizer use in India, thereby increasing N2O emissions from agriculture (Some,  
Roy, and Ghose 2019; Aryal et al. 2021a). Hence, reducing GHG emissions from 
agriculture requires careful management of subsidies and taxes on agricultural inputs 
(Luo et al. 2017). 

3.3.2  Better Spatial Targeting and Informed Policy 

Improved spatial targeting is essential to achieve GHG mitigation in agriculture. In 
mitigating soil N2O emissions, accurate assessments of crop-specific mitigation 
potentials are crucial. Using modern technology such as geo-referenced-based field 
observations helps estimate precise emissions factors and design better management 
practices (Cui et al. 2021). About 30% of direct soil emissions of N2O can be mitigated 
without compromising food production; however, almost 65% of this potential could be 
achieved in only 20% of the global harvested land area, which thus requires a spatially 
targeted policy for GHG mitigation (Cui et al. 2021, 2014; Tian et al. 2020).  

3.3.3  Equitable Access to Improved Technology 

Gender, caste, and class play important roles in defining the adoption of improved 
technologies that are crucial to GHG mitigation in agriculture (Paudyal et al. 2019; 
Aryal et al. 2020a, 2021b; Bryan et al. 2021). Regional disparity in clean technology 
has also been raised as a critical issue at the COP26. Transferring innovative 
technologies across countries to enhance the efficient use of agricultural resources, 
while acknowledging the need for policies that benefit both climate and social-
environmental factors, can contribute largely to GHG mitigation initiatives in agriculture 
(Smith et al. 2007b, 2013; Gołasa et al. 2021). 

4. CURRENT POLICIES AND IMPLICATIONS FOR  
LOW-EMISSIONS AGRICULTURAL DEVELOPMENT 

Most countries have now acknowledged the critical role of the agriculture sector  
in mitigating GHG emissions and in achieving the target of keeping the global 
temperature rise below 2°C, as well as in attaining several SDGs. This has increased 
the scope for low-emissions agriculture in Asia and the Pacific region. In their nationally 
determined contributions submitted to the United Nations Framework on Climate 
Change (UNFCCC), many countries have mentioned the agricultural mitigation 
potential. This has been reflected in national climate policies also. There has been a 
massive transformation in the consideration of the AFOLU sector in international 
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climate change negotiations and priorities. In COP11 in 2005, the UNFCCC agreed to 
initiate a program to explore a variety of policy approaches for reducing emissions from 
deforestation and degradation (REDD), which was further strengthened in COP13 by 
considering REDD as an option to GHG mitigation in developing countries (Corbera, 
Estrada, and Brown 2010). Although the Bali Action Plan adopted at UNFCCC COP13 
in 2007 acknowledged low-emissions development strategies through the concept  
of nationally appropriate mitigation actions (NAMAs), it did not mention agriculture 
specifically, and the NAMAs were discussed more as strategies to attain sustainable 
development (Wilkes, Tennigkeit, and Solymosi 2013). Issues related to GHG 
mitigation in agriculture were considered as an agenda for climate action only in 
COP17 in Durban. The UNFCCC’s Subsidiary Body for Scientific and Technological 
Advice (SBSTA) included agriculture as an important sector for GHG mitigation in 
COP17, which was further defined in COP21 in Paris, and then in COP23 (Aryal et al. 
2020b). Finally, COP23 in Bonn proved to be a milestone in prioritizing agriculture in 
climate action. It managed to establish the Koronivia Joint Work on Agriculture to 
design new strategies or address global climate change adaptation and mitigation 
actions in the agriculture sector (UNFCCC 2017). 

Over the years, many countries in Asia have included GHG mitigation in agriculture in 
their climate plans, and some have developed NAMAs that explicitly mention GHG 
mitigation measures in agriculture sectors (Wilkes, Tennigkeit, and Solymosi 2013). For 
example, Cambodia included mitigation from the agriculture sector in its National 
Green Growth Roadmap of the year 2009; the PRC and the Republic of Korea followed 
with the National Climate Change Program (2007–2010) and National Strategies for 
Green Growth (2009), respectively. The Thai Rice NAMA is one of the major initiatives 
to reduce GHG emissions from rice production in Thailand. 10  As rice farming in 
Thailand accounts for almost 60% of its total emissions from agriculture (i.e., the fourth 
largest emitter of rice-related GHG emissions globally), a shift from conventional to  
low-emissions rice farming could substantially reduce GHG emissions from rice in 
Thailand. Introduction of climate-smart rice farming in Viet Nam, 11  soil health card 
schemes for crop nutrient management in India,12  and zero increases in chemical 
fertilizer use in 2020 in the PRC (Ji, Liu and Shi 2020) are some of the crucial steps 
taken by Asian nations toward GHG mitigation in the agriculture sector. In 2015, the 
PRC introduced an action plan proposing the goal of zero growth in fertilizer use. To 
facilitate this goal, the PRC set up a scientific fertilizer management technology system 
that improves fertilizer use efficiency; this program has been successful, and chemical 
fertilizer use in the PRC declined from 60.226 million tons in 2015 to 58.59 million tons 
in 2017 (Ji, Liu and Shi 2020).  

Government policy alone may not solve the problem as expected. A glaring example  
of the policy-practice gap is observed in the case of crop residue burning in India 
(Kaushal 2020). Although crop residue burning is a crime under Section 188 of the 
Indian Penal Code and the Air and Pollution Control Act of 1981, a lack of effective 
implementation is apparent across the country (Porichha et al. 2021), which indicates a 
need to explore cost-effective alternatives to burning to manage crop residues. 

  

 
10  https://www.nama-facility.org/projects/thailand-thai-rice-nama/. 
11  https://www.cgiar.org/annual-report/performance-report-2020/low-emission-technologies-transform-

vietnams-rice-sector/. 
12  https://www.soilhealth.dac.gov.in/. 
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National policies targeting GHG mitigation can have a differential impact across 
economic sectors. For instance, the potential impact of the GHG mitigation policies 
under the nationally determined contributions in Indonesia is estimated to reduce GDP 
by 1.7% by 2030 compared to the business as usual (BAU) scenario. Furthermore, 
there are likely to be large negative impacts on agricultural GDP in Indonesia (by about 
13.4% compared to BAU) due to GHG mitigation policies, while the share of the energy 
sector in GDP is more likely to have positive impacts (+3.5% compared to BAU) 
(Malahayati and Masui 2021). Although agriculture has the highest potential to follow a 
path of low-emissions development, there are multiple barriers to implementing these 
strategies (Norse 2012; Ghosh et al. 2020; Li et al. 2021).  

5. CONCLUSION AND WAY FORWARD 

The agriculture sector in the Asia and Pacific region emits a large amount of GHGs. 
Rice production, use of nitrogen fertilizer, use of energy for agricultural production, and 
livestock production are the four major supply-side sources of GHGs emissions from 
agriculture. Several agronomic measures and improved technologies and practices are 
found to have a high potential to make agriculture less carbon intensive on the supply 
side. On the demand side, rising demand for livestock products and increasing FLW 
are key issues for increasing GHG emissions from the agriculture sector. Thus, GHG 
mitigation in agriculture needs an assessment of not only agricultural production but 
also agricultural value chains and consumption patterns. Although there is huge 
potential to reduce GHG emissions from agriculture, there are crucial challenges to 
monitoring and verifying emissions from supply-side measures. Similarly, on the 
consumption side, though it has very high potential to avoid GHG emissions, its 
effectiveness is more constrained by regulatory mechanisms on human consumption 
behavior. Overall, the transformation of agriculture to a low-emissions pathway requires 
the integration of policies at multiple levels to enhance the adoption of better 
agricultural technologies and practices, to encourage consumption of less carbon-
intensive food, and to reduce FLW. 

Achieving low-emissions agriculture requires policy change in multiple directions.  
On the supply side, agricultural policies should focus on upscaling climate-smart 
agriculture, primarily through expanding knowledge and improving input use efficiency 
in agriculture, such as through more incentives to use site-specific nutrient 
management can reduce fertilizer use without compromising crop yield. On the 
demand side, dissemination of knowledge on sustainable consumption and the  
use of both regulatory and incentive mechanisms are essential. Increasing people’s 
knowledge and awareness of the adverse impacts of their consumption behavior on the 
natural environment may help reduce such behavior. Therefore, governments need to 
mobilize multiple organizations and civil society to transform human behavior to food 
consumption and to reduce FLW along the value chains. 
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