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ABSTRACT 

The recently signed Paris Agreement is one of the most promising steps toward addressing the challenges 
of climate change and global warming. The agreement came into force in November 2016, and India is a 
party to it. Two key obligations of each ratifying country under the agreement are the immediate start of 
mitigation initiatives by the country and the development of a five-year plan of mitigation initiatives. The 
creation of a database of all subsectors responsible for emissions is needed to start the mitigation activities 
and to prepare a five-year mitigation plan. The key actors responsible for emissions are industry, 
transport, and agriculture. The Indian economy is predominantly agricultural, and the agricultural sector is 
a major driver of greenhouse gas (GHG) emissions. Currently, there is no comprehensive database to 
support the policy and intervention process relating to climate change. This paper is an attempt to provide 
a guide for database creation and the development of a district-level database on emissions from 
agriculture in India. In this study, all the Indian districts are categorized based on their level of GHG 
emissions from agriculture and its subsectors, which are denoted by the Emission Index (EI) and 
Emission Values (EVs), respectively. Districts having “extremely alarming” EIs and EVs should be 
considered a priority in mitigation initiatives and in the five-year mitigation plan. The study shows that 
the livestock subsector plays a major role in Indian agricultural emissions scenarios, and increasing the 
productivity of the agricultural sector remains the best mitigation option for reducing the emission of 
GHGs from agriculture. The paper also proposes a food system transformation pathway from climate-
vulnerable to climate-smart agriculture (CSA) and a mitigation strategy with technical, institutional, and 
policy interventions. 

Keywords: climate change; emission index; emission value; mitigation and adaptation; climate-
smart agriculture; Indian agriculture 
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1.  INTRODUCTION 

Climate change is a well-recognized challenge globally. However, without the availability of relevant 

information at various scales, it is difficult for policy makers to understand and address the problems 

caused by climate change (Donatti et al. 2017; NCC 2016) through the preparation of a nationally 

determined contribution plan and a National Action Plan on Climate Change. Thus, a climate information 

system—is needed to provide end-to-end comprehensive climate information that will enable the 

initiation of mitigation and adaptation responses to anthropogenic greenhouse gas (GHG) emissions 

(Trenberth et al. 2016). A proper methodology to interpret the data is equally important in order to 

develop a strategy for the mitigation of emissions from agriculture. In this paper, we focus on database 

creation, strategic interventions to mitigate GHG emissions from the agricultural sector, and the 

development of a strategy for implementing Climate Smart Agriculture (CSA) from the existing 

secondary data. 

The paper has the following three objectives: 

1. To review the technical, institutional, and policy mechanisms to address climate change 

and GHG emissions from agriculture 

2. To review the current technical, institutional, and policy interventions recommended for 

the development of adaptation and mitigation strategies to reduce GHG emissions in 

agriculture 

3. To measure and map the district-level trends in GHG emissions from the agricultural 

sector in India 

The paper is organized as follows. The challenge of climate change in the Indian agricultural 

context is addressed in Section 2, along with a review of literature on technical, institutional, and policy 

interventions. A conceptual framework and the study methods are provided in Section 3. Section 4 

presents the results and discussion. The concluding remarks form the last section. 
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2.  GLOBAL CLIMATE CHANGE CHALLENGE IN THE CONTEXT OF  
INDIAN AGRICULTURE 

The 22nd Conference of Parties (COP22), held in Marrakech 11 months after the Paris COP21, ratified 

the global commitments to fight climate change. At the global level, the combined land and ocean surface 

temperature data over the period from1980 to 2012 indicate a temperature increase of 0.85°C (0.65°C to 

1.06°C) (IPCC2014). For example, the year 2016 was marked as the hottest year ever, with 1.2°C higher 

temperatures than pre-industrial-era levels (WMO 2016). The parties to the Paris Agreement (UNFCCC 

2015) have set a long-term goal of maintaining the global average temperature increase below 2°C and 

pursuing efforts to limit this to 1.5°C above pre-industrial levels (Schleussner et al. 2016). To implement 

this agreement, countries must create databases, map their policies, and identify their institutional and 

technological needs, taking into consideration the underlying causes and consequences of various factors 

contributing to climate change. India is no exception. 

India is a party to the Paris Agreement, which came into force on November 4, 2016 (UNFCCC 

2017). The most important pledge in the agreement is that all parties (developed and developing 

countries) are required to take steps to reduce or mitigate the emission of GHGs and communicate a 

nationally determined contribution every five years (UNFCCC 2017; Keohaneand Victor 2016). India’s 

National Action Plan on Climate Change (India, PMCCC 2008) marks an important step toward 

achieving the country’s climate change goals. Like most developing countries, India is predominantly an 

agrarian economy (India, MoAFW 2016). On one hand, the agricultural sector is the most important 

contributor to climate change, but on the other hand, it is also the most affected by it. Farmers with small 

and medium landholdings are most vulnerable to climate change. India’s National Action Plan highlights 

sustainable agricultural practices that can help mitigate emissions (India, PMCCC 2008). Of the eight 

missions to combat climate change, the National Action Plan contains one mission fully dedicated to 

mitigating agricultural emissions. 
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In the global context of addressing climate change, the key GHGs are carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O), ozone (O3), and chlorofluorocarbon (CFC). The GHG emissions 

from agriculture and allied sectors are mainly CO2, CH4, and N2O (Paustian 2016). Further, only non-CO2 

sources are considered anthropogenic GHG emissions from agriculture. The CO2 released from 

agriculture is considered neutral due to photosynthesis and fixation (IPCC 2007). The high level of GHG 

emissions from agriculture is due to application of organic and inorganic inputs to the soil for crop 

production, decomposition of biomass and dead plant residues, crop production, plant respiration, 

livestock rearing, enteric fermentation in ruminants, manure handling, and burning of crop residues (IPCC 

2007) and savanna (Russell-Smith et al. 2017). 

Total GHG emissions due to anthropogenic activities have increased steadily, showing a normal 

trend until the year 2000. However, from 2000 to 2010, these numbers showed a quantum jump, despite a 

large number of climate change mitigation policies and increasing awareness among the global population 

during the decade. The U.S. Environmental Protection Agency (EPA 2012) estimated that the agricultural 

sector is the largest anthropogenic contributor to global non-CO2 emissions, accounting for approximately 

54 percent of total non-CO2 emissions during 2005 (about 5,800 MtCO2e). GHG emissions are caused not 

only by agriculture and food production but also by transportation, postharvest activities, and cooking of 

food (Kehlbacher et al. 2016). The agricultural sector is responsible for approximately 10–12 percent of 

total anthropogenic GHG emissions (FAO 2016). 

In India, the livestock subsector accounts for approximately 63 percent of total emissions from 

the agricultural sector (FAO 2016). Hence, while studying agriculture’s contribution to climate change, 

livestock must be given a special focus. All livestock and poultry contribute to GHG emissions, through 

N2O and CH4 from manure, nitrogen from urine and feces (IPCC 2007), and CH4 from enteric 

fermentation in the rumen of ruminant animals. The rumen, a large fore stomach with a continuous 

fermentation system (Broucek 2014), produces CH4 as a by-product of the feed digestion process under 

anaerobic conditions, via eructation. The rumen occupies more than 70 percent of the total stomach, and 

its volume is approximately 15 liters in sheep and approximately 100–150 liters in mature cattle (Shibata 
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and Terada2010). The microbial fermentation of hydrolyzed carbohydrates inside the rumen/digestive 

system is the key contributor to CH4 emissions (Shibata and Terada 2010; Broucek 2014). 

Emission of CH4 also takes place by reaction, in a process akin to enteric fermentation, from 

manure heaps. Manure contains cellulose, which is degraded by microbes and serves as substrates for 

methanogenesis (Chianese, Rotz, and Richard 2009). Nitrogen applied to the soil in the form of 

manure/excreta enters into the nitrogen cycle. Various bacteria in the soil act upon nitrogen-containing 

compounds and produce N2O.  

Significant interrelationships exist among enteric CH4, manure CH4, and N2O emissions from the 

livestock subsector. In fact, due to these interrelationships, some countries do not differentiate inventories 

of CH4 emissions from ruminant and nonruminant animals (Knapp et al. 2014). In this study, emissions 

from the livestock sector include enteric emissions and emissions from manure handling (manure 

handling includes “Manure left on pastures,” “Manure management,” and “Manure applied to the field”). 

Agriculture is the largest source of emissions of N2O (Reay et al. 2012). N2O is 298 times more 

effective than CO2 at trapping heat in the atmosphere. In India, agriculture accounts for approximately 58 

percent of total emissions of N2O, which are mostly caused by application of fertilizers (FAO 2009a). The 

Ministry of Environment and Forests (MoEF 2010) estimated that N2O is responsible for approximately 

13 percent of Indian agricultural GHG emissions. Further, crop residues and the burning of crop 

fields/residues also contribute significantly to GHG emissions. Crop residues left on managed fields 

contain significant amounts of nitrogen and produce N2O through the process of decomposition, while the 

burning of crop residues or vegetation usually releases CO2; CH4; N2O; and other ozone precursors; and 

aerosols (including black carbon) into the atmosphere (IPCC 2014). Globally, the burning of savanna and 

crop residues accounts for approximately 6 percent of total emissions from agriculture, but for India the 

amount is less than 1 percent (FAO 2016). 

Rice cultivation is another source of CH4 emissions, due to the metabolic activities of methanogen 

bacteria. Methanogens are a special group of bacteria more effective in submerged conditions, such as 

wetland rice fields (Ma, Qiu, and Lu 2010; Wassmann, Hosen, and Sumfleth 2009). Methanogenesis is a 
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microbial process that occurs in anaerobic conditions (Ma, Qiu, and Lu 2010). Empirical evidence shows 

that at the global level, approximately 90 percent of rice fields are temporarily flooded (Wassmann, 

Hosen, and Sumfleth 2009). It should be noted that in general, emissions of N2O are greater than CH4 

emissions in aerobic conditions. Recent research shows that plants emit some amount of CH4, but the 

mechanism of this type of emission is not yet fully understood (Keppler and Röckmann 2007; Chianese, 

Rotz, and Richard 2009). 

With the increase in demand for essential food commodities, GHG emissions from agriculture 

have also increased. To address the trade-off between increasing agricultural productivity and mitigation 

of emissions from different subsectors of agriculture, the concept of climate-smart agriculture(CSA) was 

first used in 2009 (FAO 2009a, 2009b). Soon after, at the First Global Conference on Agriculture, Food 

Security and Climate Change in The Hague, CSA was defined as “agriculture that sustainably increases 

productivity and resilience (adaptation), reduces/removes emissions of GHGs, and enhances achievement 

of national food security and development goals” (FAO 2010, ii). More recently, the Climate-Smart 

Agriculture Sourcebook (FAO 2013) further advanced the concept, with the intention of primarily 

benefiting marginal and smallholder farmers and vulnerable people in developing countries. 

The trend of GHG emissions from the global, Asian, and Indian agricultural sectors is shown in 

Table 2.1. The table shows the percentage of GHG emissions from all the subsectors of agriculture 

globally, in Asia, and in India from1980 to 2014.In the Indian agricultural emissions scenario, in 

2012enteric fermentation in ruminants was the highest contributor, at 45.4 percent (higher than the global 

level of emissions, at 39.4 percent) (FAO 2016). This is followed by synthetic fertilizer application and 

manure handling (manure handling includes “Manure left on pastures,” “Manure management,” and 

“Manure applied to the field”), at17.4 percent each; 15.1 percent from rice cultivation; and another 4.2 

percent from crop residue (FAO 2016). India is the world’s highest emitter of GHGs from enteric 

fermentation; the second highest from rice cultivation and use of synthetic fertilizers; and the third highest 

from manure management, manure left on pastures, and crop residue (FAO 2016).  
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Table 2.1 World, Asian, and Indian trends in greenhouse gas emissions from various agricultural activities, as a percentage of the total 

 Enteric emissions Manure left on pastures Manure management Manure applied 
Period World  Asia India World  Asia India World  Asia India World  Asia India 
1980 45.4 35 50.8 15.6 10.9 10.8 8.3 6.6 5.0 4.4 3 2.5 
1981–1990 41.1 33.9 50 14.2 10.5 10.8 7.5 6.4 4.9 4 3 2.5 
1991–2000 40.3 33.7 47.8 14.9 10.9 10.5 7.1 6.6 4.8 3.8 3.3 2.4 
2001–2005 40.1 34 47.4 15.6 11.4 10.6 6.8 6.9 4.8 3.6 3.5 2.5 
2006–2010 40.3 34.3 46.2 16 11.6 10.5 6.8 7 4.6 3.7 3.6 2.5 
2011 39.3 34.1 45 15.7 11.5 10.3 6.6 7 4.5 3.6 3.6 2.4 
2012 39.4 34.1 45.4 15.9 11.7 10.4 6.6 7 4.5 3.6 3.7 2.4 
2013 39.9 34.1 45.3 16.2 11.7 10.3 6.7 7 4.5 3.7 3.7 2.4 
2014 39.7 34.3 45.2 16.1 11.8 10.3 6.7 7 4.5 3.7 3.7 2.4 

 

 Rice cultivation Synthetic fertilizer 
Burning crop residue and 

savanna Crop residue 
Period World  Asia  World  Asia India India Asia India World  Asia India 
1980 11.9 29.7 21.1 10.2 10.1 5.6 0.6 .8 0.7 3.4 4 3.4 
1981–1990 10.4 26 19.4 10.4 12 8 6.2 2.7 0.7 3.2 4 3.5 
1991–2000 10.4 22.7 18 11.1 15 12 6.0 1.1 0.6 3.4 4 3.6 
2001–2005 10.1 21.4 17 11.3 15.2 13.2 6.0 1 0.6 3.5 3.9 3.7 
2006–2010 10.1 20.5 15.8 11.8 15.7 15.9 5.1 .9 0.6 3.7 4 3.7 
2011 10 20.4 15.4 12.2 16.1 17.7 6.1 .8 0.6 3.8 4.2 3.9 
2012 10 20.2 15.1 12.4 16 17.4 5.9 .9 0.7 3.7 4.2 4 
2013 10.1 20.4 15.5 12.5 15.9 17.2 4.5 .7 0.6 4 4.2 4 
2014 10 20 15.3 12.6 15.8 17.4 4.7 .9 0.6 4 4.2 3.9 

Source:  Authors’ compilation based on FAO 2016. 
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It is clear from the table that the trend (from 1980 to 2014) of enteric emissions is decreasing 

globally and in India but stagnant in Asia. The trend of emissions from manure left on pastures, manure 

management, and manure applied is relatively unchanged. A significant decline can be observed in the 

trend of emissions from rice cultivation globally and in India, but the trend is more prominent in Asia. 

Emissions from the use of synthetic fertilizer have increased threefold in India, and the increase is 

remarkable in Asia as well. Globally, however, the trend of emissions from the use of synthetic fertilizer 

was stable for the period from1980 to 2014. 

Indian agriculture plays a significant role in GHG emissions and climate change. As a participant 

in the Paris Agreement, India must initiate mitigation activities and prepare a five-year action plan on 

mitigation of GHGs (UNFCCC 2015). However, mitigation initiatives and five-year action plans will be 

difficult to develop without a reliable database. Through this research, we provide a district-level database 

compiled from various secondary sources that can be useful in generating a CSA strategy for India, as 

well as implementing existing mitigation alternatives and policy interventions for CSA. 

Based on the review of available literature, and the results given above, the study presents 

adaptation and mitigation strategies for each agricultural subsector that is contributing to GHG emissions. 

The adaptation and mitigation strategies for each subsector can be classified as technical, institutional, 

and policy interventions (Table 2.2). 
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Table 2.2Adaptation and mitigation strategies to reduce greenhouse gas (GHG) emissions from agriculture and various subsectors of 
agriculture 
Sources  
of GHG 
emissions 

Mitigation strategies to reduce GHG emissions and achieve climate-smart agriculture (CSA) 
Technical Institutional Policy (applicable to all sub-sectors) 

A
gr

ic
ul

tu
re

 

En
te

ric
 e

m
is

si
on

s 1. Less dependence on ruminant animals and 
more dependence on nonruminant animals 
for milk, meat, and farm work. 

2. Emphasis on productivity per animal 
(Johnson, Ward, and Ramsey 1996).  

3. More consumption of vegetable protein and 
less consumption of animal protein. 
Production of animal protein requires 50 
times more cultivable land than vegetable 
protein (Nijdam, Rood, and Westhoek 2012). 

4. Reduced H2 production in ruminants (Joblin 
1999). 

5. Feeding of good-quality feed and feeding of 
substances to reduce methanogenesis 
(Knapp et al. 2014). 

6. Growth and use of improved and high-
quality forages (Johnson, Ward, and 
Ramsey 1996). 

7. Greater emphasis on breeding and genetic 
engineering for productivity (Knapp et al. 
2014). 

8. Emphasis on production of milk with low fat 
content (Johnson, Ward, and Ramsey 
1996). 

9. Addition of fats and ionophores in feeds to 
enhance milk production and minimize 
enteric emissions (Murphy, Connolly, and 
McNeill 1995; Ashes, Gulati, and Scott 
1997; Dong et al. 1997; Machmuller and 
Kreuzer 1999; Dohme et al. 2000; Mathison 
et al. 1998). 

10. Addition of yeast culture in feeds to reduce 
enteric emissions. 

11. Rotational grazing (McCaughey, Wittenberg, 
and Corrigan 1997). 

1. Climate-smart technology 
inventory and database 
creation. 

2. Building capacity and 
upgrading skills of 
functionaries. 

3. Engaging the community and 
supporting a community role in 
adaptation (Ross et al. 2015) 
and mitigation of enteric 
emissions.  

4. Mass awareness about climate 
change, global warming, and 
the role of the livestock sector 
in climate change and the 
impact of climate change on 
the livestock sector. 

5. Convergence of a climate-
smart approach with other 
development departments and 
initiatives. 

6. Strengthening of private and 
public research and 
development for climate-smart 
technology. 

7. Strengthening of the extension 
organization. 

8. Increasing emphasis on 
livestock insurance to enhance 
productivity. 

9. Timely, simultaneous, and 
adequate availability of credit, 
input, and extension support. 

10. International coordination. 

1. Emphasis on database creation and the use of a more 
credible database in the policy process.  

2. Emphasis on scientific and technical information and 
databases in the policy process (Donatti et al. 2016). 

3. Emphasis on all the subsectors.  
4. Creation of national-level, state-level, and district-level 

policies and action plans on CSA. 
5. Inclusion of CSA in existing national and state action 

plans on climate change. 
6. Financial arrangements and mobilization for smooth 

implementation of policy. 
7. Ensuring that policy is flexible for convergence with 

other ongoing national/international activities. 
8. Prioritizing productivity. 
9. Ensuring that the political environment is taken into 

consideration in the policy process. 
10. Ensuring the provision of institutional, technical, and 

administrative arrangements. 
11. Ensuring that policy intersects with budgetary strength. 
12. Emphasizing a judicious blend of sustainability and 

livelihood. 
13. Incorporation of stakeholders’ knowledge, perceptions, 

and beliefs into the policy process (Singh and 
Chudasama 2017).  

14. Emphasis on the resource inventory and potential of the 
area/region in the CSA policy. 

15. Taking into consideration all existing climate-smart 
practices in the policy process. 

16. Ensuring a profitable price of produce to the growers. 
17. Prioritization of processing and postharvest 

management to reduce emissions from growing and 
from decomposition of farm wastage. 

18. Emphasis on public, private and nonprofit sector 
involvement. 

19. Monitoring, reporting, and verification systems for CSA 
(Paustian et al.2016). 

20. Ensuring the accessibility and use of emerging 
information in the future policy-making process (Donatti 
et al. 2017). 
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Table 2.2 Continued 
Sources  
of GHG 
emissions 

Mitigation strategies to reduce GHG emissions and achieve climate-smart agriculture (CSA) 

Technical Institutional Policy 

A
gr

ic
ul

tu
re

 

M
an

ur
e 

 
ha

nd
lin

g 1. Emphasis on productivity per livestock/poultry to 
reduce production of animal droppings. 

2. Emphasis on biogas production. 
3. Maximizing aerobic fermentation and minimizing 

anaerobic fermentation of manure. 
4. Enhancing feed use efficiency to reduce the 

protein, fat, and cellulose content in excreta, 
which also reduces emissions from 
decomposition.  

5. Keeping decomposed manure in an airtight 
container or with a proper cover. 

6. Deep placement of manure into the soil to 
increase nitrogen use efficiency and reduceN2O 
emissions. 

1. Climate-smart technology inventory and 
database creation. 

2. Strengthening farmers’ capacity to properly 
manage manure. 

3. Mass awareness about climate change, global 
warming, and the role of the livestock sector 
and manure in climate change. 

4. Engaging the community and supporting a 
community role in adaptation (Ross et al. 
2015) and mitigation of emissions from 
manure. 

5. Government support to establish infrastructure 
facilities for biogas units. 

6. Strengthening veterinary extension services to 
increase livestock productivity and reduce the 
population. 

7. Strengthening livestock insurance to minimize 
the risk of improved livestock rearing and 
reduce the population without hampering the 
required production. 

8. Restructuring and revitalizing the 
animal/poultry research system for feed and 
genetic engineering to increase feed efficiency 
and productivity per animal. 
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Table 2.2 Continued 
Sources  
of GHG 
emissions 

Mitigation strategies to reduce GHG emissions and achieve climate-smart agriculture (CSA) 

Technical Institutional Policy 
 

U
se

 o
f n

itr
og

en
 

fe
rt

ili
ze

rs
 1. Increasing nitrogen use efficiency. 

2. Minimizing leaching and volatile loss. 
3. Increasing consumption of vegetable protein 

(pulses) and reducing consumption of animal 
protein. Production of animal protein requires 
more nitrogen than vegetable protein (pulses). 

4. Addition of leguminous nitrogen to the soil and 
reduction of emissions from industrial production. 

5. Need-based application to the soil, based on the 
requirements of crops and non-availability in soil. 

6. Use of slow-or controlled-release fertilizer. 
7. Root zone placement. 
8. Integrated nutrient management. 
9. Greater use of organic sources. 
10. Greater use of urea and diammonium phosphate 

(DAP) instead of other inorganic sources. 

1. Strengthening the capacity of farmers to use 
nitrogen efficiently. 

2. Engaging the community and supporting a 
community role in adaptation (Ross et al. 
2015) and mitigation of N2O emissions. 

3. Mobilization of a public and private production 
system for the production of coated or slow-
releasing nitrogen fertilizer. 

4. Assured availability of coated/slow-releasing 
nitrogen in the market. 

5. Special support to farmers for 
growing/inclusion of leguminous crops in their 
cropping systems. 

6. Assured supply of inocula for legumes. 
7. Profitable price for crops. 

 

R
ic

e 
cu

lti
va

tio
n 1. Increasing productivity and reducing the growing 

area without hampering production at the farm 
level. 

2. Application of nitrogen fertilizer at the time 
required by the crop. 

3. Mid-season drying or alternate flooding of the 
field. 

4. Mobilizing the community to change from rice-
based to wheat-based food habits. 

5. Inclusion of leguminous crops in the cropping 
system. 

6. Root zone placement of nitrogenous fertilizers to 
increase use efficiency. 

7. Use of slow- or controlled-release fertilizer. 
8. Conservation agriculture. 
9. Use of biochar. 

1. Creating mass awareness of the role of rice 
cultivation in climate change and global 
warming. 

2. Strengthening the capacity of farmers and 
other stakeholders with regard to CSA. 

3. Capacity strengthening to enables farmers to 
achieve greater productivity per unit area. 

4. Engaging the community and supporting a 
community role in adaptation (Ross et al. 
2015) and mitigation of emissions from rice 
cultivation. 

5. Assured supply of inputs such as improved 
seeds, package of practices, etc. 

6. Profitable price for produce to encourage 
greater productivity. 

7. Crop insurance. 
8. Strengthening of the extension system. 
9. Strengthening of the research system for 

genetic/crop engineering and improved 
production technology to enhance productivity. 
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Table 2.2 Continued 
Sources of 
GHG 
emissions 

Mitigation strategies to reduce GHG emissions and achieve climate-smart agriculture (CSA) 

Technical Institutional Policy 
 

C
ro

p 
re

si
du

es
 a

nd
 b

ur
ni

ng
 1. Use of crop residue for biogas production, 

which reduces emissions from crop 
residues. 

2. Reduce the burning of crop residues. 
3. Reduce the burning of forest.  
4. Reduce the area under jhum (slash-and-

burn) cultivation. 
5. Emphasize use of crop residues to produce 

hay, fiber, paper, or other products. 

1. Strengthening the capacity of farmers to address 
the role of crop residues in climate change and 
global warming. 

2. Increasing farmers’ awareness of the harmful 
effects of burning forest, crop residues, and 
biomass.  

3. Engaging the community and supporting a 
community role in adaptation (Ross et al. 2015) 
and mitigation of emissions from crop residues and 
savanna burning. 

4. Encouraging the industrial sector to increase the 
use of residues and establishing a linkage 
mechanism for the collection of residues from 
farms to use in factories for finished products. 

5. Creation of decomposition, production, and bottling 
units for biogas at the community level. 
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Technical Interventions 
The emission of GHGs from the livestock subsector is multifaceted, and limiting the rise of these 

emissions is challenging (Herrero et al. 2016). Enteric fermentation in ruminants is the largest source of 

CH4 emissions. Enteric CH4 comprises around 17 percent and 3.3 percent of global CH4 and GHG 

emissions, respectively, and is largely produced by ruminant livestock, whereas emissions of CH4 from 

manure of both ruminant and nonruminant livestock accounts for 2 percent and 0.4 percent of global CH4 

and GHG emissions, respectively (Knapp et al. 2014), and emissions of N2O from manure management 

contribute a small amount to total GHG emissions (Patra 2014).  

As per the livestock census (India, MoAFW2012a; 2012b), India is home to the world’s largest 

livestock population. As a result, enteric emissions are much higher (45.4 percent in 2012) than the world 

average (39.4 percent) (FAO 2016). The majority of Indian livestock rearing is based on open grazing and 

straying (meaning moving aimlessly from place to place). In India, livestock may graze on forestlands, 

government land, community land, or the land of other farmers. 

The upward trend in the consumption of milk and meat in India and the world is incompatible 

with reducing GHG emissions from the livestock subsector (Herrero et al. 2016). Two strategies, namely, 

reducing enteric emissions and reducing emissions from manure, are needed. Joblin (1999) emphasized 

that intervention in H2 production inside the rumen is the most important alternative to reduce enteric CH4 

emissions. To mitigate enteric emissions, more emphasis must be placed on using nonruminant animals 

for milk and meat purposes. Boadi et al. (2004) found that when animal productivity is enhanced through 

management, nutrition, reproduction, and genetics, CH4 production per unit of milk, meat, or livestock is 

automatically reduced. Another group of scientists suggested that the increase in milk production by dairy 

cattle through improvement of feed quality and improvement of genetic quality by breeding could 

increase CH4 emissions per dairy cow per year but reduce the overall emissions for milk production by 

reducing the number of dairy cattle. Growing use of improved and high-quality forages, which are less 

costly than grain and do not lead to increased use of fossil fuel for tillage, has emerged as a sustainable 
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option for growers and an efficient way to decrease N2O emissions and increase soil carbon storage 

(Johnson, Ward, and Ramsey 1996). The demand for low-fat-content milk is increasing, and production 

of milk with low fat content can reduce CH4 emissions from the dairy sector (Johnson, Ward, and Ramsey 

1996). 

Feed rich with roughage favors the production of acetate and subsequently increases CH4 

production, whereas feed rich with starch favors the production of propionate and decreases the 

production of CH4. Knapp et al. (2014) categorized the mitigation strategies into three subcategories:  

1. Feeds, feeding management, and nutrition (good-quality feeds influence productivity of 

animals, and certain feeds can decrease acetate or increase propionate) 

2. Rumen modifiers (feeding of specific substances that inhibit methanogenesis or using 

biological agent/control, namely, defaunation, bacteriocins, bacteriophages, and 

immunization) to inhibit methanogens 

3. Increasing animal production through genetic and other management approaches 

(improving nutrient utilization for productive purposes to dilute out maintenance on an 

individual animal or herd basis, increasing feed efficiency and decreasing CH4 per unit of 

milk or meat) 

Similarly, frequency of feeding also influences enteric emissions, for example, more frequent 

feeding increases emissions and less frequent feeding reduces CH4 emissions (Sutton et al. 1986). 

Feed efficiency can be increased by grinding or pelleting of feed, which can reduce CH4 

emissions (Johnson, Ward, and Ramsey 1996). Increasing the digestibility of forages and feeds for 

ruminants is a good option to reduce enteric CH4 emissions (Herrero et al. 2016). However, grazing 

management is also an important aspect to reduce emissions. Growing certain identified species or 

varieties of grass, which have the potential to reduce enteric emissions (namely, pasture with alfa-alfa 

grass) is recommended, and rotational grazing is more effective for reducing enteric emissions than 

continuous grazing (McCaughey, Wittenberg, and Corrigan 1997). 

Adding external fats to dairy cattle diets enhances milk yield (Ashes, Gulati, and Scott 1997; 

Murphy, Connolly, and McNeill 1995), and fat reduces CH4 production (Dong et al. 1997; Machmuller 

and Kreuzer 1999; Dohme et al. 2000). Medium-chain fatty acids (C8–C16) greatly reduce CH4 emissions 
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(Dohme et al. 2000), and the addition of palm kernel oil, coconut oil, or canola oil into animals’ diets with 

proper dosage is an effective way to reduce CH4 emissions.  

Ionophores are another alternative substance to reduce enteric emissions. Their addition to animal 

diets increases feed use efficiency as well as reducing CH4 emissions. Removal of protozoa (also called 

“defaunation”) from the rumen via a chemical or dietary substance is also an effective way to reduce 

enteric emissions, but many of the agents are toxic in nature and proper care and more research are 

needed to use them. Similarly, the use of chemicals like bromoethanesulfonate (BES) for direct inhibition 

of methanogenesis is another alternative for reducing enteric emissions (Mathison et al. 1998).  

To mitigate emissions from livestock excreta, various alternatives can be considered. The option 

with the most potential is increased production of milk or meat per animal, which will reduce the total 

number of livestock needed. However, alteration of animal diets can also reduce emissions from manure. 

Reducing anaerobic fermentation and ensuring aerobic fermentation of manure reduces the emission of 

CH4 from manure. Proper covering of manure heaps is another solution to reduce emissions. Production 

of biogas from excreta is an effective way to control methane emissions. Application of manure to crop 

fields should be consistent with the nitrogen requirements of the crop and the amount originally available 

to the crop from the soil. 

India’s economy is predominantly agriculture-based, and rice is the staple food for more than 90 

percent of the population. Cattle are considered sacred and milk is an essential drink for people with 

diverse dietary habits. Preferences for rice and milk have a tremendous impact on the livelihoods of the 

population. Therefore, it is difficult to reduce the demand for rice grain and rearing of cattle or livestock. 

However, emissions of GHGs are more influenced by unit area under cultivation and unit of livestock, but 

less influenced by productivity of crop or livestock. Thus, productivity is of primary concern to mitigate 

the problem of emissions from the agricultural sector. Similar views have been expressed by Johnson, 

Ward, and Ramsey (1996) and Boadi et al. (2004).  
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On average, Indian rice productivity is less than 4 metric tons per hectare, and in some states, it is 

less than 2 tons per hectare (Indiastat2016; IRRI 2016), whereas rice productivity in Australia and Egypt 

is approximately 11 tons per hectare (IRRI 2016). If India scales up its productivity to 8 tons per hectare, 

emissions from rice cultivation will drop to less than half the existing emission levels from rice 

cultivation. Based on land capability, cultivation planning is needed, and land suitable for other crops 

should be diverted to cultivation of other more profitable crops. At the same time, more suitable areas for 

rice cultivation or areas not suitable for growing crops other than rice should be considered for rice 

cultivation. Mid-season drainage and drying (also to increase water use efficiency) of waterlogged rice 

fields is recommended to increase the yield by reducing sulfide toxicity (Stepniewski and Stepniewska 

2009); this practice is also a climate change mitigation initiative (Tyagi, Kumari, and Singh 2010) that 

reduces CH4 emissions from waterlogged rice fields.  

Emphasis on changing food habits from a rice- to a wheat-based food system while encouraging 

the farming community to grow more wheat instead of rice to suppress emissions from rice fields will 

help maintain food security and self-sufficiency in food grain production and increase the sustainable and 

economic use of irrigation water. 

 Agricultural activities are responsible for around 70 percent of anthropogenic emissions of N2O 

(World Bank 2015). The most widely suggested strategy to reduce N2O emissions from the agricultural 

sector is to increase nitrogen use efficiency, which addresses the future increased food demand without 

increasing N2O emissions (Reay et al. 2012). It is obvious that 100 percent use of nitrogenous sources 

applied to the soil or foliage of crops is not possible, and the surplus or unused amount of nitrogen is 

highly susceptible to loss and emission of N2O (McSwiney and Robertson 2005). On an average, of every 

100 units of nitrogen applied in agriculture, only 17 are consumed by agriculture, that is crop, dairy, and 

meat production (UNEP and WHRC 2007). Emissions of N2O increase when the soil becomes anaerobic 

and saturated with water. In this situation, bacteria are forced to use nitrate and produce N2O; further, this 

situation is suitable for CH4 emission. It is important to highlight that nitrogen added to the soil by 

leguminous nitrogen fixation is also susceptible to emission from the soil in the form of N2O. However, 
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growing leguminous crops indirectly reduces the industrial emissions involved in producing nitrogenous 

fertilizer. More emphasis is needed on adopting practices that increase the efficiency of use of 

nitrogenous fertilizers by crops. Commonly known practices are application of fertilizer based on soil 

health (after testing the soil) and based on the requirements of the crop/variety, use of slow- or controlled-

release nitrogenous fertilizer, and root placement of nitrogen fertilizer to control emissions. The time of 

application of nitrogenous fertilizer should coincide with the time nitrogen is required by the crop. Qin et 

al. (2010) reported that the dose of application of nitrogen is the main driver of N2O emissions when the 

soil is neither too dry nor too wet and that easy access to nitrogen fertilizers accelerates N2O emissions, as 

mineral fertilizers result in higher emissions than organic sources of nitrogen. Other research shows that 

improved land use and management practices can reduce GHG emissions from soil and increase soil 

carbon stock (Paustian et al. 2016), increase yield, and hasten the achievement of CSA. 

Crop residues and the burning of crop residues play an important role in climate change. The use 

of crop residues for biogas production is the most effective option to control GHG emissions from crop 

residues. Minimizing the burning of crop residues is an effective method to control emissions. Controlled 

burning of field and forest areas for shifting cultivation (locally known as jhum cultivation) is another 

alternative to reduce the emission of GHGs. Collection of straw, stubble, crop roots, vegetative parts of 

plants or haulms, and root exudates (a wide range of substances are released from the roots into 

surrounding soils, containing compounds such as simple sugars as well as complex proteins) and their use 

in biogas production or proper composting is also an effective way to reduce emissions from crop 

residues. 

Institutional Interventions 
To adapt and mitigate GHG emissions from agriculture and implement CSA, institutional arrangements 

are required. Database creation is the most important requirement. The data needed for identifying 

strategic options for mitigating agricultural emissions are lacking at the state, district, and community 

levels. Institutional capacity to develop such databases and maintain them for continuous monitoring of 
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emission levels is important to the effort to invest in programs and strategies for controlling emissions 

from agriculture sources. Institutional capacity for knowledge management is needed at all levels. For 

example, a technology inventory for the mitigation of GHG emissions and adoption of CSA technology is 

also required. Extension activities such as creating awareness, building the capacity of stakeholders, and 

strengthening the extension system should be prioritized. This requires strengthening the extension 

systems at the state and district levels to analyze and adopt cultural practices that are climate smart and 

environmentally friendly. More emphasis is needed on research and development for climate-smart 

technology, and this also requires institutional capacity for setting priorities, allocating resources, and 

monitoring and evaluating the results of the adoption of these technologies. National and international 

coordination should be emphasized to address the issue of climate change and the implementation of 

CSA. Adequate availability of credit, inputs, and services should be ensured. The convergence of all 

development activities of different line departments and the convergence of climate-smart approaches 

within all development activities is urgent. 

Policy Interventions 
The successful implementation of any program or activity depends on the enabling policy environment. 

Policy-related capacity relates to data creation, processing, and analysis to generate evidence that supports 

policy making. For example, without authentic data, effective policy formulation is difficult. An emphasis 

on database creation and the use of a more credible database in the policy process is needed. Effectiveness 

of policy depends on institutional arrangements, so policy mechanisms should provide proper guidelines 

on institutional arrangements for the diffusion of policy. All the sectors/subsectors that are responsible for 

the emission of GHGs should be included in the policy process relating to GHG emissions mitigation and 

CSA implementation. The policy process should equally emphasize district-, state-, and national-level 

policy. Policy mechanisms should emphasize financial arrangements and budgetary strength for the 

implementation of policy. Policy must be flexible enough to allow convergence of all national and 

international initiatives and ongoing activities. It should include private and nonprofit-sector players in 
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the implementation process. The policy process should incorporate past experiences and include 

monitoring and evaluation activities in the implementation process, with proper guidelines. The political 

environment and people’s livelihoods and socioeconomic conditions should be taken into consideration to 

make the policy effective. 
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3. A CONCEPTUAL FRAMEWORK AND METHODOLOGY 

Conceptual Framework 
In this section, we present a food system transformation pathway from climate-vulnerable agriculture 

(CVA) to climate-smart agriculture (CSA), as shown in Figure 3.1. In the food system transformation 

pathway, we find four important components that lead to the transformation from CVA to CSA, namely, 

food security, food production/competitiveness, sustainability, and mitigation/reduction of GHG 

emissions from agriculture. To achieve the goal of CSA, these four components should be achieved 

simultaneously. Further, achieving a climate-smart food production system requires an understanding of 

the factors that influence them. We identify a complex set of multiple factors from the literature and 

determine their degree of influence in the process of transformation from CVA to CSA. Based on their 

importance and severity, these factors are categorized underlying, intermediary, and immediate factors. 

Immediate factors in the food system transformation pathway include use of an optimal level of 

fertilizer, optimal level of farm practice, land system management/cover crops, use of soil amendments, 

precision farming, no-till farming, cropping pattern/rotations/management, agroforestry and forestry, 

livestock management, improved capacity to adapt, and human resources/skills development.  

Intermediary factors in the food system transformation pathway include institutional investment, 

cropping patterns (rice versus other crops), cattle population, bioenergy use, commodity/final price 

policies, carbon mandates, technology research and development, compensation for carbon leakage, 

extension system/access to technology, crop insurance approaches, changing dietary preferences, and 

monitoring and evaluation.  

Underlying factors in the food system transformation pathway include climate policy and 

environment, climate governance, climate accountability, bioenergy policies, research and innovation, 

expenditure/investment, policy process, parliamentary exercise, task forces, and monitoring and 

evaluation. 
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Figure 3.1 Food system transformation from climate-vulnerable to climate-smart agriculture 
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Source:  Authors’ adaptation from Babu and De Pinto (2017). 

We apply the above conceptual framework to India as a case study for analyzing and developing 

policy implications and strategies for mitigating GHG emissions from agriculture and for introducing 

CSA in line with the Paris Agreement (UNFCCC 2015). 

Methodology 
Geographically, India is situated between 8° 4'and 37°6'north latitude and between 68°7'and 97°25' east 

longitude (National Portal of India 2017). The climatic conditions of India are varied, with six major sub-

types of climate (Wikipedia2016). But the largest area is under tropical conditions. India is the seventh-

largest country in the world in terms of its landmass, with a total geographical area of 3.28 million square 

kilometers. The country has the world’s second-largest population, at 1.21 billion people (Census India 
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India 2011b). In the context of agriculture, the country is divided into six ecological regions, 20 

agroecological regions, and 60 sub-agroecological regions (Gajbhiye and Mandal 2000). Due to the 

nonavailability of data on newly developed districts and nonagricultural districts, in this study we take 

605 districts into consideration for mapping GHG emissions from various subsectors of agriculture. 

Secondary data from multiple sources are used to enumerate, measure, and depict the emission 

scenarios from Indian agriculture. All the livestock-related data are collected from the livestock census 

(India, MoAFW 2012a, 2012b), and data related to other subsectors, such as area under cultivation, area 

under rice cultivation, use of synthetic fertilizers, percentage of geographical area under gross cropped 

area, are collected from Indiastat (2016). To calculate and express the existing status of GHG emissions at 

the district level, an Emission Index (EI) has been developed. Based on the availability of the latest data 

from the livestock census, our study analyses data on emissions from2012. However, in the case of other 

subsectors, the latest year of availability of data is much older than 2012. The latest year of availability of 

district-level data from a subsector is taken as the reference year. The rate of growth of a subsector at the 

national/state level from the reference year until2012 is used to create the district-level data. Using this 

approach, the remaining data on nitrogen / synthetic fertilizer use, area under rice cultivation, and crop 

residue and burning have been converted to their 2012 value from the latest year of data availability. 

To develop the EI for each district, the contribution of each subsector of agriculture to GHG 

emissions has been considered. The share of emissions of each subsector in the agricultural emissions 

inventory has been calculated and expressed as the Emission Value (EV) of each subsector, namely, EV-

L (livestock), EV-N (nitrogen/synthetic fertilizer use), EV-R (rice cultivation), and EV-C (crop residue 

and burning). All the EVs of a district are added to obtain the EI of a district. The functional formula of 

EI is given below: 

EI = ∑(EV-L+EV-N+EV-R+EV-C). 
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The percentage contributions of the different subsectors to total agricultural emissions in India for 

2012 is obtained from the Food and Agriculture Organization of the United Nations (FAO2016). The 

contribution of enteric emissions is 45.4 percent, and emissions from manure handling represent17.4 

percent. Together, these two categories account for the total livestock subsector contribution of 62.8 

percent of total agricultural emissions. Enteric emissions are followed by the contribution of nitrogen use 

at17.4 percent, rice cultivation at15.1percent, and crop residue and burning at4.7 percent (Table 2.1). It is 

important to highlight that in India, the contribution of burning to GHG emissions is limited (0.7 percent), 

and for that reason, in this study, it is added with crop residue and labeled as “crop residue and burning.” 

The percentage contributions of each subsector (62.8 percent, 17.4 percent, 15.1 percent, and 4.7 percent, 

respectively) are divided by 100 to obtain an Emission-Conversion Value (ECV) for each (for livestock, 

0.628; for nitrogen fertilizer application, 0.174; for rice cultivation, 0.151; and for crop residue and 

burning, 0.047). 

We use the following approach to calculate the EV-L. The livestock population per hectare of 

each district is divided by the highest livestock population per hectare among all districts and multiplied 

by the ECV of livestock (that is, 0.628); this value is considered the EV-L for a district and is calculated 

for 605 districts. Similarly, the value of nitrogen fertilizer consumption per hectare of a district is divided 

by the highest value of consumption of nitrogen per hectare among all districts and multiplied by 0.174, 

the ECV of nitrogen, and this value is considered the EV-N. The percentage of a district’s geographical 

area under rice cultivation is divided by the highest value (that is, the highest percentage of geographical 

area under rice cultivation among all districts) and multiplied by 0.151, the ECV of rice cultivation; this 

new value is considered the EV-R. Similarly, the percentage of geographical area under gross cropped 

area of a state (owing to non-availability of district-level data of gross cropped area for the study year) is 

divided by the highest value (that is, the highest percentage of geographical area under gross cropped area 

among all states). The result is multiplied by 0.047, the ECV of crop residue and burning; the new value 

is considered the EV-C for a state. The EV-C value of a state is considered constant for all districts in that 

state. The functional formulas to calculate the EVs of a district are given below. 
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EV-L= Livestock population/ha
maximum livestock population/ha

×ECV of L 

 

EV-N= Consumption of nitrogen/ha
maximum consumption of nitrogen/ha

×ECV of N 

 

EV-R = % of geographical area under rice cultivation
maximum % of geographical area under rice cultivation

×ECV of R 

 

EV-C = % of geographical area under gross cropped area of state
maximum % of geographical area under gross cropped area of all states

×ECV of C 

The mean and standard deviation (SD) of the EI value is calculated, and each district is 

categorized according to its EI values and plotted using Arc GIS software. If the EI value of a particular 

district is greater than or equal to the mean+2 SD, it falls into the “extremely alarming” category (red). 

With an EI value of greater than or equal to the mean + SD and less than the mean+2 SD, the district is 

categorized as “highly alarming” (yellow). An EI value greater than or equal to the mean and less than the 

mean + SD is considered “alarming” (blue). Finally, an EI value less than the mean is considered 

“moderate” (green). The same procedure is followed to categorize all the districts using their EV-L, EV-

N, EV-R, and EV-C values to plot on the GIS map. Details on values and colors used for categorization 

and plotting maps are given in Table 3.1. Based on these findings, meaningful strategies for adaptation 

and mitigation with technical, institutional, and policy interventions are proposed. The recommendations 

aim to reduce GHG emissions and achieve CSA at the district, state, and country levels. 

The above methodology is used to analyze the data collected at the district level to arrive at 

various factors responsible for agricultural emissions. The conceptual framework introduced earlier for 

analyzing the food system transformation pathway from CVA to CSA is applied to this methodology. We 

explore a complex set of multiple factors identified from the literature and their degree of influence in the 

process of transformation from CVA to CSA.As mentioned earlier, based on the importance and severity 

of the influencing factors we categorize them as follows: immediate factors are those that are possible and 

rational to start immediately with nominal support from the public sector/government; intermediary 

factors are relatively more time consuming and require a greater degree of public sector/government 
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support ; and underlying factors involve long-term, continuous, time-consuming situations in which the 

public sector/government is the main actor. 

Table 3.1Statistical tools and analysis adopted to assess the degree of emissions 
Criteria/ 
Parameter 

Mean Standard 
deviation 
(SD) 

Measures 

≥Mean+2 SD ≥Mean+ SD ≥Mean ˂Mean 
EV-L 0.1334 0.0889 0.3113 0.2224 ≥0.1334 ˂0.1334 

EV-N 0.0419 0.0368 0.1156 0.0788 ≥0.0419 ˂0.0419 

EV-R 0.0222 0.0259 0.0742 0.0482 ≥0.0222 ˂0.0222 
EV-C 0.0192 0.0114 0.0421 0.0306 ≥0.0192 ˂0.0192 
EI 0.2169 0.1279 0.4728 0.3449 ≥0.2169 ˂0.2169 

Source: Authors’ calculations. 
Note:  EV-L = Emission Value for livestock; EV-N = Emission Value for nitrogen; EV-R = Emission Value for rice 
cultivation; EV-C = Emission Value for crop residue and burning; EI = Emission Index. Red = extremely alarming; yellow = 
highly alarming; blue = alarming; green = moderate. 
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4. RESULTS AND DISCUSSION 

District-level emissions from agriculture and agricultural subsectors are computed and expressed as EI 

values and EVs of the respective subsectors. The study shows that 18 districts have extremely high EI 

values (that is, greater than or equal to 0.4728). The districts are (1) Araria, (2)Aurangabad,(3) Bhagalpur, 

(4) Gaya, (5) Khagaria, (6)Madhepura, (7) Saharsa, (8)Sheohar, and (9) Supaul districts in the state of 

Bihar; (10) Foizabad,(11) SantRavidas Nagar, and (12)Varanashi, in the state of Uttar Pradesh; (13) 

Bandipure in the state of Jammu and Kashmir; (14) Birbhum, (15) Daskshin Dinajpur, (16)Hugli, and 

(17) Malda, in the state of West Bengal; and (18) Udalguri (not plotted on the map due to non-availability 

of a reference value) in the state of Assam. All the districts are categorized as “extremely alarming” and 

indicated on the EI map (Figure4.1) in red. The state-wise distribution of districts is also presented in 

Table 4.1. 

Figure4.1 District-level greenhouse gas Emission Index map for Indian agriculture 

 
Source:  Authors’ contribution. 
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Table 4.1 State-wise distribution of districts in “extremely alarming” category based on Emission 
Index values 

State (Number of districts) District 
Assam (1)  Udalguri 
Bihar (9) Araria, Aurangabad, Bhagalpur, Gaya, Khagaria, Madhepura, 

Sheohar, Supaul, and Saharsa 
Jammu and Kashmir (1) Bandipure 
Uttar Pradesh (3) Foizabad, Sant Ravidas Nagar, and Varanashi, 
West Bengal (4) Birbhum, Daskshin Dinajpur, Hugli and Malda, 
Total (18)  

Source:  Authors’ calculations. 

Ninety-three districts have an EI value ranging greater than or equal to 0.3449 and less than 

0.4728. The identified 93 districts are categorized as “highly alarming” and indicated on the map (Figure 

4.1) in yellow. The distribution of these 93 districts is as follows: 31 districts in Uttar Pradesh;17 districts 

in Bihar;10 districts each in West Bengal and Punjab; 9 districts in Haryana; 6 districts in Assam; 3 

districts in Jammu and Kashmir; 2 districts each in Gujarat, Jharkhand, and Orissa; and 1 district in 

Andhra Pradesh. The state-wise distribution of districts is presented in Table 4.2. 

Table 4.2 State-wise distribution of districts in “highly alarming” category based on Emission Index 
values 

State (Number of Districts) District 
Andhra Pradesh  (1) Nizamabad 
Assam (6)  Bongaigaon, Darrang, Dhuburi, Kamrup, Lakhimpur, and Nalbari 
Bihar (17) Banka, Begusarai, Bhojpur, Darbhanga, Jamui, Katihar, Kishanganj, 

Madhubani, Muzaffarpur, Nalanda, Patna, Purnia, Rohtas, Samastipur, 
Sitamari, Siwan, and Vaisahali 

Gujarat (2) Dahot and Panch Mahals 
Haryana (9) Ambala, Faridabad, Jind, Kaithal, Karnal, Kurukshetra, Panipat, Sonepat, 

and Yamuna Nagar 
Jammu and Kashmir (3) Ganderbal, Kulgam, and Shupiyan 
Jharkhand (2) Deoghar and Pakur 
Orissa (2) Baleswar and Bhadrak 
Punjab (10) Amritsar, Faridkot, Fatehgarh Sahib, Gurdaspur, Jalandhar, Ludhiana, 

Moga, Patiala, Sangrur and Tarn Taran 
Uttar Pradesh (31) Agra, Alighar, Allahabad, Ambedkar Nagar, Azamgarh, Baghpat, Bareilly, 

Basti, Bulandshahr, Deoria, Etah, Fatehpur, Firozabad, Ghaziabad, 
Ghazipur, Jaunpur, JyotibaPhule Nagar, Kannauj, Kanpur Dehat, 
Kaushambi, Kushinagar, Kashiram Nagar, Lucknow, Mathura, Mau, 
Meerut, Moradabad, Pratabgarh, Rampur, Saharanpur, and Sharasvati 

West Bengal (10) Bankura, Barddhaman, East Midnapore, Howrah, Koch Behar, 
Murshidabad, Nadia, North 24 Parganas, Uttar Dinajpur, and West 
Midnapur 

Total (93)  

Source: Authors’ calculations. 
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One hundred fifty-four districts are categorized as “alarming,” with an EI value ranging from 

greater than or equal to 0.2169 and less than 0.3449. They are indicated on the EI map in blue (Figure 

4.1). Thirty-one of these districts are in the state of Uttar Pradesh; 10 districts in Bihar; 12 districts in 

Jharkhand; 14 districts in Andhra Pradesh; 13 districts in Tamil Nadu; 11 districts in Assam; 8 each in, 

Gujarat, and Jammu and Kashmir; 7 districts in Punjab, and Rajasthan; 6 districts each in Karnataka and 

Orissa; 3 districts in Chhattisgarh; and 2 districts in Uttarakhand. All the remaining districts are 

categorized as “moderate,” and their EI values are below the mean (0.2169). They are indicated in green 

on the EI map (Figure 4.1). The state-wise distribution of districts is presented in Table 4.3. 

Table 4.3 State-wise distribution of districts in “alarming” category based on Emission Index values 
State (Number of districts) District 
Andhra Pradesh  (14) Anantapur, East Godavari, Hyderabad, Karimnagar, Krishna, Mdak, 

Mehbaubnagar, Nalgonda, Pashim Champaran, Rangareddy, Srikakulam, Sri Potti 
Sriramulu Nellore, Warangal and West Godabari, 

Assam (11)  Baksa, Barpeta, Dibrugarh, Goalpara, Hailakandi, Jorhat, Karimganj, Morigaon, 
Nagaon, Sivsagar, and Sonitpur, 

Bihar (10) Arwal, Buxar, Gopalganj, Kaimur, Lakhisarai, Motihari, Munger, Saran, Sheikhpura, 
and Paschim Champaran 

Chhattisgarh (3) Durg, Janjgir Chanpa, and Raipur 
Gujarat (8) Anand, Bansa Kantha, Gandhinagar, Kheda, Navsari, Sabar Kantha, Surat and 

Vadodara 
Haryana (9) Fatehabad, Gurgaon, Hisar, Jhajjar, Mewat, Palwal, Rewari, Rohtak, and Sirsa 
Jammu and Kashmir (8) Badgram, Jammu, Kathua, Pulwama, Punch, Rajouri, Reasi and Udhampur 
Jharkhand (12) Chatra, Dhanbad, Dumka, Godda, Giridih, Hazaribagh, Jamtara, Lohardanga, 

Palamu, Purbi Singhbhum, Ranchi and Sahibganj 
Karnataka (6) Bagalkot, Bangalore, Bellary, Davanagere, Mandya, and Kolar 
Madhya Pradesh (3) Belgaum, Jhabua and Rewa,  
Monipur (1) Thoubal 
Orissa (6) Cuttack, Jagatsighapur, Jajpur, Kendrapara, Mayurbhanj and Puri 
Punjab (7) Bhatinda, Firozpur, Hoshiarpur, Kapurthala, Mansa, Muktsar and Sahibzada Ajit 

Singh Nagar 
Rajasthan (7) Banswara, Bharatpur, Dausa, Durgapur, Jaipur Sikar and Udaipur 
Tamil Nadu (13) Cuddalore, Kancheepuram, Madurai, Nagapattinam, Pudukkottai, Thanjavur, 

Thiruvarur, Thiruvallur, Tirucherapalli, Tiruvannamalai, Salem, Vellore, and 
Viluppuram 

Uttarakhand (2) Haridwar and Udham Singh Nagar  
Uttar Pradesh (31) Amethi, Auraiya, Bahraich, Ballia, Balrampur, Bara Banki, Binjor, Budaun, 

Chandauli, Chitrakoot, Etawah, Farrukhabad, Gautam Buddha Nagar, Gonda, 
Gorakhpur, Hardoi, Kanpur Nagar, Kheri, Mahamaya Nagar, Maharajganj, 
Mainpuri, Mirzapur, Muzaffarnagar, Pilibhit, Rae Bareli, Sahajanpur, Sant Kabir 
Nagar, Siddharthnagar, Sitapur, Sultanpur, and Unnao 

West Bengal (3) Darjeeling, Jalpaiguri and Purulia 
Total (154)  

Source: Authors’ calculations. 
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The EV-L, EV-N, EV-R, and EV-C values are influential factors in EI values, and variations in 

the EVs of the different subsectors in a district have a major influence on the EI value of the district. 

Therefore, it is necessary to critically examine the EV of each agricultural subsector. 

The livestock subsector makes the greatest contribution to agricultural GHG emissions, as well as 

to the EI of each district. Our study shows that 25 districts have an extremely high EV-L (that is, 

≥0.3113), and all these districts are categorized as “extremely alarming” and indicated in red on the EV-L 

map (Figure4.2). The districts are Araria, Aurangabad, Bhagalpur, Gaya, Kishanganj, Madhepura, 

Saharsa, Sheohar, and Supaul districts in the state of Bihar; Bandipur, Ganderbal, Kulgam, and Shupiyan 

districts in Jammu and Kashmir; Etah, Kashiram Nagar, Sant Ravidas Nagar and Varanashi in Uttar 

Pradesh; Nalbari and Udalguri districts in Assam; Dakshin Dinajpur, Hugli and Malda districts in West 

Bengal; Dohad in Gujarat; and Hyderabad in Andhra Pradesh. The state-wise distribution of districts with 

an “extremely alarming” EV-L is also presented in Table 4.4. Fifty-nine districts have an EV-L between 

greater than or equal to 0.2224 and less than 0.3113and are categorized as “highly alarming.” They are 

indicated on the map in yellow (Figure 4.2). The distribution of these districts is as follows: 22 in the state 

of Uttar Pradesh, 13 in Bihar, 10 in West Bengal, 8 in Assam, 3 in Jammu and Kashmir, 2 in Jharkhand, 

and 1in Gujarat. One hundred eighty-one districts are categorized as “alarming,” with an EV ranging from 

greater than or equal to 0.1334 and less than 0.2224. These districts are indicated in blue on the EV-L 

map (Figure 4.2). The remaining districts are categorized as “moderate,” with an EV-L less than 0.1334. 

They are indicated in green on the map (Figure 4.2). 
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Figure 4.2 District-level greenhouse gas emissions from livestock subsector (EV-L) in India 

 
Source:  Authors’ contribution. 

Table 4.4 State-wise distribution of districts in “extremely alarming” category based on EV-L, 
EV-N, EV-R, and EV-C values 

State Districts with 
Extremely Alarming 

EV-L 

Districts with 
Extremely Alarming 

EV-N 

Districts with 
Extremely Alarming 

EV-R 

Districts with 
Extremely Alarming 

EV-C 
Andhra 
Pradesh  

Hyderabad Nizamabad, 
Rangareddy, and Sri 
Potti Sriramulu 
Nellore 

West Godavari  

Assam Nalbari and Udalguri  Bongaigaon and 
Nalbari 

 

Bihar Araria, Aurangabad, 
Bhagalpur, Gaya, 
Kishanganj, 
Madhepura, Saharsa, 
Sheohar and Supaul 

Begusarai, Bhagalpur, 
Bhojpur, Gaya, Jamui, 
Khagaria, Nalanda, 
Patna, and Vaisali, 

Aurangabad and 
Sheohar 

 

Chhattisgrh   Janjgir-Champa  
Gujarat Dohad    
Haryana  Karnal, Kurukshetra, 

Panipat, Sonipat, and 
Yamunanagar 

Kaithal, Karnal, 
Kurukshetra, and 
Panipat 

All districts (21 
districts) 

Jharkhand Pakur Kodarma   
J&K Bandipore, 

Ganderbal, Kulgam, 
and Shupiyan 

   

Karnataka  Bangalore   
Orissa   Baleswar and 

Bhadrak 
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Table 4.4 Continued 
State Districts with 

Extremely Alarming 
EV-L 

Districts with 
Extremely Alarming 

EV-N 

Districts with 
Extremely Alarming 

EV-R 

Districts with 
Extremely Alarming 

EV-C 
Punjab  Amritsar, Fatehgarh 

Sahib, Jalandhar, 
Ludhiana and Taran 
Taran 

Amritsar, Faridkot, 
Fatehgarh Sahib, 
Gurdaspur, Jalandhar, 
Kapurthala, Ludhiana, 
Moga, Patiala, 
Sangrur and 
TaranTaran 

All districts (20 
districts) 

Tamil Nadu  Tiruchirappalli   
Uttar 
Pradesh 

Kanshiram Nagar, 
Etah, Sant Ravidas 
Nagar and Varanasi 

Basti, Faizabad, 
Farrukabad, 
JyotibaPhule Nagar, 
Muzaffarnagar and 
Varanasi 

Rampur  

Uttarakhand  Udham Singh Nagar   
West Bengal Dakshin Dinajpur, 

Hugli and Malda 
 Barddhaman, 

Birbhum, Dakshin 
Dinajpur, Hugli, Koch 
Behar and Uttar 
Dinajpur 

 

Total 
Districts 

25 32 30 41 

Source: Authors’ calculations. 

Use of nitrogenous fertilizer accounts for approximately 17.4 percent of agricultural GHG 

emissions. Our study shows that 32 districts have an extremely high EV-N (that is, ≥0.1156), namely, 

Begusarai, Bhagalpur, Bhojpur, Jaui, Gaya, Khagaria, Nalanda, Patna and Vaisali in the state of Bihar; 

Basti, Faizabad, Farrukabad, JyotibaPhule Nagar, Muzaffarrnagar, and Varanasi in Uttar Pradesh; Karnal, 

Kuruhskhetra, Panipat, Sonipat, and Yamunanagar in Haryana; Amritsar, Fatehgarh Sahib, Jalandhar, 

Ludhiana and Taran Taran in Punjab; Nizamabad, Rangareddy, and Sri Potti Sriramulu Nellor in Andhra 

Pradesh; Tiruchirappalli in Tamil Nadu; Bangalore in Karnataka; Udham Singh Nagar in Uttarakhand; 

and Kodarma in Jharkhand. All 32 identified districts are categorized as “extremely alarming” and are 

indicated in red on the EV-N map (Figure4.3). The state-wise distribution of these districts is presented in 

Table 4.4. Sixty-two districts with an EV-N ranging between greater than or equal to 0.0788 and less than 

0.1156 are categorized as “highly alarming” and are indicated on the map (Figure4.3) in yellow. The 

distributions of these 62 districts are as follows:16 districts in Uttar Pradesh, 11 districts in Punjab, 9 

districts in Bihar, 7 districts in Haryana, 6 districts in Andhra Pradesh, 4 districts in Tamil Nadu, 3 
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districts in Jharkhand, 2 districts each in Karnataka and Gujarat, and 1 district each in West Bengal and 

Uttarakhand. One hundred sixty districts are categorized as “alarming,” with an EV-N ranging from 

greater than or equal to 0.0419 and less than 0.0788. They are indicated in blue on the map (Figure 4.3). 

The remaining districts are categorized as “moderate,” with an EV-N below the mean (0. 0419).  They are 

indicated in green on the EV-N map (Figure 4.3). 

Figure 4.3 District-level emissions of N2O (EV-N) from agriculture in India 

 
Source:  Authors’ contribution. 

Cultivation of rice, which emits CH4, accounts for15.1 percent of agricultural GHG emissions. 

The study shows that 30 districts have an extremely high EV-R (that is, ≥0.0742) and are categorized as 

“extremely alarming.” They are indicated in red on the EV-R map (Figure 4.4). Identified districts under 

this category are as follows: Amritsar, Faridkot, Fatehgarh Sahib, Gurdaspur, Jalandhar, Kapurthala, 

Ludhiana, Moga, Patiala, Sangrur and TaranTaran in the state of Punjab; Karnal, Katihal, Kurukskhetra 

and Panipat in Haryana; Bardhaman, Birbhum, Dakshin Dinajpur, Hugli, Koch Bihar and Uttar Dinajpur 

in West Bengal; Aurangabad and Sheohar in Bihar; Bongaigaon and Nalbari in Assam; Baleswar and 
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Bhadrak in Orissa; Janjgir-Champa in Chhattisgrh; Rampur in Uttar Pradesh; and West Godavari in 

Andhra Pradesh. The state-wise distribution of these districts is presented in Table 4.4.  

Seventy-seven districts have an EV-R between greater than or equal to 0.0482 and less than 

0.0742. The distribution of these districts is as follows: 20 districts in Uttar Pradesh; 15 districts in Bihar; 

10 districts in Assam; 8 districts in West Bengal; 7 districts in Orissa; 5 districts in Haryana; 4 districts in 

Chhattisgarh, 2 districts each in Tamil Nadu and Andhra Pradesh, and 1 district each in Maharastra, 

Manipur, Panjab and Uttrakhand. These districts fall into the “highly alarming” category and are indicated 

in yellow on the EV-R map (Figure 4.4). One hundred twenty-seven districts have an EV-R between 

greater than or equal to 0.0222 and less than 0.0482 and are categorized as “alarming.” They are indicated 

in blue on the map (Figure 4.4). The remaining districts are categorized as “moderate,” with an EV-R 

below the mean (0.0222), and are indicated in green on the map (Figure 4.4). 

Figure 4.4 District-level greenhouse gas emissions from rice cultivation (EV-R) in India 

 
Source:  Authors’ contribution. 
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Crop residues and burning of crop residues account for 4.7 percent of total agricultural emissions 

and are identified as EV-C. For this indicator, 20 districts in Punjab and 21 districts in Haryana have an 

EV-C greater than or equal to 0.0421 and are categorized as “extremely alarming” (Table 4.4). These 

districts are indicated on the map (Figure 4.5) in red. All the districts in West Bengal (18 districts) and 

Uttar Pradesh (72 districts) have a high EV-C, between greater than or equal to 0.0306 and less than 

0.0421, and are indicated in yellow on the map (Figure 4.5). These districts are categorized as “highly 

alarming.” Further, 195 districts have an EV-C between greater than or equal to 0.0192 and less than 

0.0306 and are categorized as “alarming.” These are indicated in blue on the map (Figure 4.5). All the 

districts of Bihar, Madhya Pradesh, Maharashtra, Rajasthan, Gujarat, and Kerala fall into the “alarming” 

category. The remaining districts are categorized as “moderate,” with an EV-C less than 0.0192, and are 

indicated in green on the map (Figure 4.5).  

Figure 4.5 District-level greenhouse gas emissions from crop residue and burning (EV-C) in India 

 
Source:  Authors’ contribution. 
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This study shows that approximately 90 per cent of the districts with “extremely alarming” EI 

values also fall into the “extremely alarming” EV-L category. Thus, the livestock subsector clearly plays 

a significant role in GHG emissions from agriculture. It is also clear from the study that the EI, EV-L, and 

EV-N values are “extremely alarming” in the Bhagalpur and Gaya districts in Bihar. EI, EV-L, and EV-R 

values are “extremely alarming” in the Aurangabad and Sheohar districts in Bihar. Some districts, 

namely, Araria, Madhepura, Saharsa, and Supaul in Bihar have “extremely alarming” EI and EV-L values 

and “highly alarming” values in the EV-N and EV-R categories. Khagaria in Bihar has “extremely 

alarming” EI and EV-N values and “highly alarming” EV-L values; Begusarai, Jamui, and Vaisali in 

Bihar have “highly alarming” EI and EV-L values and “extremely alarming” EV-N values; and Nalanda 

district has an “extremely alarming” EV-N and “highly alarming” EI and EV-R values. Furthermore, 

Samastipur and Purnia have “highly alarming” EI, EV-L, and EV-N values, and Muzaffarpur has “highly 

alarming” EI, EV-L, EV-N, and EV-R values. 

The study results also show that for Varanasi district the EI, EV-L, and EV-N values are 

“extremely alarming” and for Sant Ravi Das Nagar district in Uttar Pradesh the EI and EV-L values are 

“extremely alarming” and the EV-N “highly alarming.” Faizabad district has “extremely alarming” EI, 

EV-N, EV-L, and EV-R values. In Rampur district, the EV-R is “extremely alarming” and the EI and EV-

L values are “highly alarming.” For the JyotibaPhule Nagar district, the EV-N is “extremely alarming” 

and the EI and EV-L values are “highly alarming.” The EI, EV-L, and EV-N values are “highly alarming” 

for Allahabad, Baghpat, Bulandshahr, Ghaziabad, Kaushambi, and Meerut districts. The EI, EV-L, and 

EV-R values are “highly alarming” for Azamgarh and Ghazipur districts. The EI and EV-L values are 

“highly alarming” for Agra, Aligarh, Fatehpur, Firozabad, Jaunpur, Kannauj, Kanpur Dehat and Mathura, 

districts. Ambedkar Nagar, Bareilly, Deoria, and Moradabad districts have “highly alarming” EI, EV-N, 

and EV-R values. Also, all districts in Uttar Pradesh have “highly alarming” EV-C values. 

It is also clear from the study results that the EI, EV-L, and EV-R values are “extremely 

alarming” for the Dakshin Dinajpur and Hugli districts of West Bengal. For Malda district, the EI and 

EV-L values are “extremely alarming” and the EV-N and EV-R values are “highly alarming.” The EI and 
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EV-R values are “extremely alarming” and the EV-L is “highly alarming” for Birbhum district. 

Barddhaman, Koch Bihar, and Uttar Dinajpur districts have “extremely alarming” EV-R and “highly 

alarming” EI and EV-L values. Some districts, namely, Bankura, Howrah, Murshidabad, Nadia, North 24 

Parganas, and West Midnapore, have “highly alarming” EI, EV-L, and EV-R values. All the districts of 

West Bengal have “highly alarming” EV-C values. 

It is important to highlight that Kaithal, Karnal, Kurukskhetra, Jind, Panipat, Sonepat and 

Yamuna Nagar districts in Haryana, and Amritsar, Faridkot, Fatehagarh Sahib, Gurdaspur, Jalandhar, 

Ludhiana, Moga, Patiala, and Sangrur districts in Punjab, have “highly alarming” EI values and either 

“extremely alarming” or “highly alarming” EV-N and EV-R values. All the districts in Punjab and 

Haryana have “extremely alarming” EV-C values. The Nalbari district of Assam has a “highly alarming” 

EI value and “extremely alarming” EV-L and EV-R values, and the Bongaigaon district in Assam has 

“highly alarming” EI and EV-L values and an “extremely alarming” EV-R. Darrang, Dhuburi, Kamrup, 

and Lakhimpur districts in Assam have “highly alarming” EI, EV-L, and EV-R values. In Andhra 

Pradesh, only Nizamabad district has a “highly alarming” EI value and an “extremely alarming” EV-N, 

and the West Godavari district has an “extremely alarming” EV-R and a “highly alarming” EV-N. 

Further, the study shows that Dahod in Gujarat and Pakur in Jharkhand have “highly alarming” EI values 

and “extremely alarming” EV-L values. 

The top 50 districts based on the EI value are presented in Figure 4.6, which also shows the 

contributions of the different EVs in the EI value. 
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Figure 4.6 Top 50 districts in India based on Emission Index values 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Authors’ contribution. 
Note:  EV-L = Emission Value for livestock; EV-N = Emission Value for nitrogen; EV-R = Emission Value for rice 
cultivation; EV-C = Emission Value for crop residue and burning. 
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5. CONCLUDING REMARKS 

India is a party to the Paris Agreement (UNFCCC 2015). The two key guidelines of the agreement call for 

each country to immediately start mitigation initiatives and to develop a five-year plan for mitigation 

initiatives. Climate information (Trenberth et al. 2016) and authentic databases are needed from the 

district to the national level across all sectors producing emissions—industry, transport, and agriculture—

to enable policy makers to design and implement climate-specific initiatives and develop a five-year 

initiative plan. Currently there is no comprehensive database to support and strengthen the policy process 

relating to climate change. Perhaps this is the first and most basic step in creating a database: measuring 

and expressing the degree and intensity of GHG emissions from India’s agricultural sector at the district 

level, and then mapping the emissions pattern and mitigation strategy. FAO provides a database 

containing GHG emissions data for all the countries and continents, but disaggregated data for regional, 

state, county/district, and lower levels are not available. Without the context provided by such 

disaggregated data, agroecological-based mitigation strategies are not possible. 

Identifying the level of GHG emissions from different sectors and subsectors is a relatively new 

undertaking, and the creation of a database will be a time-consuming, expensive and difficult exercise for 

developing and underdeveloped countries, due to their limited funds and lack of trained personnel. 

However, formulating strategy and policy for mitigating GHG emissions and implementing CSA at the 

district level and below is not possible without a database. Thus, the innovative methods of calculating EI 

and EVs, with the help of alternative databases, can be used to estimate the trend and degree of GHG 

emissions at the district level and below. Further, categorization based on the degree of emissions by 

descriptive statistics and comparison within different subsectors will make the policy and decision-

making process more accurate and in line with the Paris Agreement. The mapping of districts according 

to the degree of GHG emissions (Figures 4.1–4.5) is helpful to facilitate different levels of administrative 

and implementation mechanisms to formulate the development and implementation strategy. This is also 

helpful in need-based and resource-based geographical targeting, allocation of resources, and 
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prioritization. The database and maps will support impact appraisal, monitoring and evaluation work, and 

future policy. 

As the analysis in this paper shows, the districts’ values can be categorized as “extremely 

alarming,” “highly alarming,” “alarming,” and “moderate,” based on the degree of GHG emissions from 

agriculture overall and by subsector. Districts with extremely alarming EIs and EVs should start their 

mitigation activities immediately. Eighteen districts are categorized as having “extremely alarming” EI 

values, and 93 districts are categorized as having “highly alarming” values. Fifty districts are presented in 

Figure 4.6, and the government can select districts for mitigation and adaptation according to this list. 

Districts with a combination of an “extremely alarming” EI and “highly alarming” EVs should also 

concentrate on mitigation. We also recommend that special attention be devoted to mitigating the GHG 

emissions from states such as Bihar, Uttar Pradesh, Assam, West Bengal, Punjab, and Haryana. Further, 

all the districts and states could adopt a food system transformation pathway (Figure 3.1) and the 

proposed mitigation strategy presented in this paper (Table 2.2). 

In the Indian context, the livestock subsector accounts for approximately 45 percent of total 

emissions from the agricultural sector, rising to 63 percent if manure handling/management is included. 

Therefore, a strong emphasis is needed on the livestock subsector, and there is an urgent need to increase 

research investment in the livestock subsector to develop new mitigation alternatives and enhance the 

implementation of mitigation initiatives (Herrero et al. 2016). As the use of nitrogenous fertilizer and rice 

cultivation contributes to high levels of GHG emissions, attention is needed to mitigate the emission of 

GHGs through strategic management of these two cultivation practices. Further, research is needed to 

identify innovative approaches and alternatives for mitigation of GHGs. The study also shows that there 

are many ways to reduce/mitigate emissions from all subsectors and to make food and agriculture systems 

more climate smart. Accordingly, a mitigation strategy has been proposed in this study, namely, the food 

system transformation pathway from CVA to CSA, which can be used to plan and design policies and 

programs to achieve a climate-smart food production system. All possible mitigation measures that are 

environmentally sustainable, feasible, and cost-effective should be adopted in the mitigation strategy 

(Paustian et al. 2016).



39 

REFERENCES 

Ashes, J. R., S. K. Gulati, and T. W. Scott. 1997. “New Approaches to Changing Milk Composition: Potential to 
Alter the Content and Composition of Milk Fat through Nutrition.” Journal of Dairy Science 80: 2204–
2212. 

Babu, S. C., and A. De Pinto. 2017. “Human and Institutional Capacity for Climate Resilient Agriculture: Lesson 
from Bangladesh, China, India and Vietnam.” In Agriculture under Climate Change, edited by V. V. 
Belavadi, K. Natarajan, and N. R. Gangadharappa, 404–413. New Delhi, India: Allied Publishers. 

Boadi, D., C. Benchaar, J. Chiquette, and D. Massé. 2004.“Mitigation Strategies to Reduce Enteric Methane 
Emissions from Dairy Cows: Update Review.” Canadian Journal of Animal Science 84: 319–
335.https://doi.org/10.4141/A03-109. 

Broucek, J. 2014. “Production of Methane Emissions from Ruminant Husbandry: A Review.” Journal of 
Environmental Protection 5: 1482–1493. http://dx.doi.org/10.4236/jep.2014.515141. 

Census India. 2011a. Census Data Online. Accessed August 26, 2016.www.censusindia.gov.in/2011-
common/censusdataonline.html.  

———.2011b. “Administrative Atlas of India.” Accessed August 28, 2016. 
http://censusindia.gov.in/2011census/maps/administrative_maps/Final. 

Chianese, D. S., C. A. Rotz, and T. L. Richard. 2009.“Whole Farm Greenhouse Gas Emissions: A Review with 
Application to a Pennsylvania Dairy Farm.” Applied Engineering in Agriculture 25: 431–442. 
http://dx.doi.org/10.13031/2013.26895. 

Dohme, F., A. Machmuller, A. Wasserfallen, and M. Kreuzer.2000. “Comparative Efficiency of Various Fats Rich 
in Medium Chain Fatty Acids to Suppress Ruminal Methanogenesis as Measured with RUSITEC.” 
Canadian Journal of Animal Science 80: 473–482. 

Donatti, C.I., C.A. Harvey, M. R. Martinez-Rodriguez, R. Vignola and C. M. Rodriguez. 2017. “What 
Information Do Policy Makers Need to Develop Climate Adaptation Plans for Smallholder Farmers? 
Case of Central America and Mexico.” Climatic Change 141: 107. DOI:10.1007/s10584-016-1787-x.  

Dong, Y., H. D. Bae, T. A. McAllister, G. W. Mathison, and K. J. Cheng. 1997. “Lipid-Induced Depression of 
Methane Production and Digestibility in the Artificial Rumen System(RUSITEC).” Canadian Journal of 
Animal Science 77: 269–278. 

EPA (US Environmental Protection Agency). 2012.Summary Report: Global Anthropogenic Non-CO2 Greenhouse 
Gas Emissions:1990–2030. www.epa.gov/sites/production/files/2016-08/documents/summary_global_ 
nonco2_projections_dec2012.pdf.  

FAO (Food and Agriculture Organization of the United Nations). 2009a. Food Security and Agricultural Mitigation 
in Developing Countries: Options for Capturing Synergies. Rome: FAO. 

———.2009b. Harvesting Agriculture’s Multiple Benefits: Mitigation, Adaptation, Development and Food Security. 
Rome. 

———.2010. “Climate-Smart” Agriculture: Policies, Practices and Financing for Food Security, Adaptation and 
Mitigation. Rome. 

———.2013. Climate-Smart Agriculture Sourcebook. Rome. 

———. 2016. FAOSTAT Agricultural Data. Accessed September 1,2016. http://faostat.fao.org/.  

Gajbhiye, K. S., and C. Mandal. 2000. Agro-Ecological Zones, Their Soil Resource and Cropping Systems. Nagpur, 
India: National Bureau of Soil Survey and Land Use 
Planning.www.indiawaterportal.org/sites/indiawaterportal.org/files/01jan00sfm1.pdf. 

Herrero, M., B. Henderson, P. Havlik, P. K. Thornton, R. T. Conant, P. Smith, S. Wirsenius, et al. 2016. 
“Greenhouse Gas Mitigation Potentials in the Livestock Sector.” Nature Climate Change 6: 452–461. 

https://doi.org/10.4141/A03-109
http://dx.doi.org/10.4236/jep.2014.515141
http://www.censusindia.gov.in/2011-common/censusdataonline.html
http://www.censusindia.gov.in/2011-common/censusdataonline.html
http://censusindia.gov.in/2011census/maps/administrative_maps/Final
http://dx.doi.org/10.13031/2013.26895
http://www.epa.gov/sites/production/files/2016-08/documents/summary_global_nonco2_projections_dec2012.pdf
http://www.epa.gov/sites/production/files/2016-08/documents/summary_global_nonco2_projections_dec2012.pdf
http://faostat.fao.org/
http://www.indiawaterportal.org/sites/indiawaterportal.org/files/01jan00sfm1.pdf


40 

India, MoAFW (Ministry of Agriculture and Farmers’ Welfare). 2012a. 19th Livestock Census—2012: All India 
Report. http://dahd.nic.in/documents/statistics/livestock-census.New Delhi. 

———. 2012b. 19th Livestock Census District Wise Report 2012. http://dahd.nic.in/documents/statistics/livestock-
census.New Delhi. 

———.2016. Annual Report: 2015–16. New Delhi. 

India, MoEF (Ministry of Environment and Forests). 2010. India: Greenhouse Gas Emissions 2007. New Delhi. 

India, PMCCC (Prime Minister’s Council on Climate Change). 2008. National Action Plan on Climate Change. 
New Delhi. 

Indiastat. 2016. Online Indian Agricultural Statistics. Accessed November 23, 2016.www.indiastat.com.  

IPCC (Intergovernmental Panel on Climate Change). 2007.Climate Change 2007: Mitigation. Contribution of 
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 
edited by B. Metz, O.R. Davidson, P. R. Bosch, R. Dave, and L. A. Meyer. Cambridge, UK: Cambridge 
University Press. 

———. 2014.Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change, edited by R. K. Pachauri and L. A. 
Meyer. Geneva, Switzerland. 

IRRI (International Rice Research Institute). 2016. World Rice Statistics Online Query Facility. Accessed December 
20, 2017.http://ricestat.irri.org:8080/wrsv3/entrypoint.htm.  

Joblin, K. N. 1999. “Ruminal Acetogens and Their Potential to Lower Ruminant Methane Emissions.” Australian 
Journal of Agricultural Research 50: 1307–1313. 

Johnson, D. E., G. W. Ward, and J. J. Ramsey. 1996. “Livestock Methane: Current Emissions and Mitigation 
Potential.” In Nutrient Management of Food Animals to Enhance and Protect the Environment, edited by 
E. T. Kornegay, 219–234. New York: Lewis Publishers. 

Kehlbachaer, A., R. Tiffin, A. Briggs, M. Berners-Lee, and P. Scarborough. 2016. “The Distribution and Nutritional 
Impacts and Mitigation Potential of Emission-Based Food Taxes in the UK.” Climate Change137: 121–
141. DOI: 10.1007/s10584-016-1673-6. 

Keohane, O. R., and D. G. Victor. 2016. “Cooperation and Discord in Global Climate Policy.” Nature Climate 
Change 6: 570–575. 

Keppler, F., and T. Röckmann. 2007.“Methane, Plants and Climate Change.” Scientific American296: 52–
57.http://dx.doi.org/10.1038/scientificamerican0207-52. 

Knapp, J. R, G. L. Laur, P. A. Vadas, W. P. Weiss, and J. M. Tricarico. 2014. “Enteric Methane in Dairy Cattle 
Production: Quantifying the Opportunities and Impact of Reducing Emissions.” Journal of Dairy Science 
97: 3231–3261. 

Ma, K., Q. F. Qiu, and Y. H. Lu. 2010. “Microbial Mechanism for Rice Variety Control on Methane Emission from 
Rice Field Soil.” Global Change Biology 16: 3085–3095. 

Machmuller, A., and M. Kreuzer. 1999. “Methane Suppression by Coconut Oil and Associated Effects on Nutrient 
and Energy Balance in Sheep.” Canadian Journal of Animal Science79: 65–72. 

Mathison, G. W., E. K. Okine, T. A. McAllister, Y. Dong, J. Galbraith, and O. I. N. Dmytruk. 1998. “Reducing 
Methane Emissions from Ruminant Animals.” Journal of Applied Animal Research 14: 1–28. 

McCaughey, W. P., K. Wittenberg, and D. Corrigan. 1997. “Methane Production by Steers on Pasture.” Canadian 
Journal of Animal Science 77: 519–524. 

McSwiney, P. C., and G. P. Robertson. 2005.“Nonlinear Response of N2O Flux to Incremental Fertilizer Addition in 
a Continuous Maize (Zeamays L.) Cropping System.” Global Change Biology 11: 1712–1719. 

http://dahd.nic.in/documents/statistics/livestock-census
http://dahd.nic.in/documents/statistics/livestock-census
http://dahd.nic.in/documents/statistics/livestock-census
http://www.indiastat.com/
http://ricestat.irri.org:8080/wrsv3/entrypoint.htm
http://dx.doi.org/10.1038/scientificamerican0207-52


41 

Murphy, J. J., J. F. Connolly, and G. P. McNeill. 1995.“Effects of Milk Fat Composition and Cow Performance of 
Feeding Concentrates Containing Full Fat Rapeseed and Maize Distillers Grains on Grass-Silage Based 
Diets.” Livestock Production Science 44: 1–11. 

National Portal of India. 2017. “India at a Glance.” Accessed January 12, 2017. 
http://www.archive.india.gov.in/knowindia/profile.php?id=2. 

NCC (Nature Climate Change). 2016. “Tell Us Where the Data Is.” Nature Climate Change 6: 1049. 

Nijdam, D., T. Rood, and H. Westhoek. 2012.“The Price of Protein: Review of Land Use and Carbon Footprints 
from Life Cycle Assessments of Animal Food Products and Their Substitutes.” Food Policy 37: 760–770. 

Patra, A. K. 2014. “Trends and Projected Estimates of GHG Emissions from World and Developing Countries.” 
Asian-Australian Journal of Animal Science 27 (4): 592–599. 

Paustian, K., J. Lehmann, S. Ogle, D, Reay, G. P. Robertson, and P. Smith.2016. “Climate-Smart Soils.” Nature 
532: 49–57. 

Qin, Y., S. Liu, Y. Guo, Q. Liu, and J. Zou. 2010. “Methane and Nitrous Oxide Emissions from Organic and 
Conventional Rice Cropping Systems in Southeast China.” Biology and Fertility of Soils 46: 825–834. 

Reay, S. D., E. A. Davidson, K. A. Smith, P. Smith, J. M. Melillo, F. Dentener and P. J. Crutzen. 2012. “Global 
Agriculture and Nitrous Oxide Emissions.” Nature Climate Change 2: 410–416. 

Ross, H., S. Shaw, D. Rissik, N. Cliffe, S. Chapman, V. Hounsell, J. Udy, N. T. Trinh, and J. Schoeman.2015. 
“A Participatory Systems Approach to Understanding Climate Adaptation Needs.” Climatic Change 
129: 27. DOI:10.1007/s10584-014-1318-6. 

Russell-Smith, J., C. Monagle, M. Jacobsohn, R. L. Beatty, B. Bilbao, A. Millán, H. Vessuri, and I. Sánchez-
Rose. 2017. “Can Savanna Burning Projects Deliver Measurable Greenhouse Emissions Reductions and 
Sustainable Livelihood Opportunities in Fire-Prone Settings?” Climatic Change140: 47. 
DOI:10.1007/s10584-013-0910-5. 

Schleussner, C.-F., J. Rogelj, M. Schaeffer, T. Lissner, R. Licker, E. M. Fischer, R. Knutti, et al. 2016. “Science and 
Policy Characteristics of the Paris Agreement Temperature Goal.” Nature Climate Change 6: 827–835. 

Shibata, M., and T. Terada. 2010.“Factors Affecting Methane Production and Mitigation in Ruminants.” Animal 
Science Journal 81: 2–10. http://dx.doi.org/10.1111/j.1740-0929.2009.00687.x. 

Singh, P. K., and H. Chudasama. 2017.“Pathways for Drought Resilient Livelihoods Based on People’s Perception.” 
Climatic Change 140: 179–193. DOI: 10.1007/s10584-016-1817-8. 

Stępniewski, W., and Z. Stępniewska. 2009. “Selected Oxygen-Dependent Process: Response to Soil Management 
and Tillage.” Soil and Tillage Research 102: 193–200. 

Sutton, J. D., I. C. Hart, W. H. Broster, R. J. Elliott, and E. Schuller. 1986. “Feeding Frequency for Lactating Dairy 
Cows: Effects of Rumen Fermentation and Blood Metabolites and Hormones.” British Journal of Nutrition 
56: 181–192. 

Trenberth, E. K., M. Marquis and S. Zebiak.  2016. “The Vital Need for a Climate Information System.” Nature 
Climate Change 6: 1057–1059. 

Tyagi, L., B. Kumari, and S. N. Singh. 2010. “Water Management: A Tool for Methane Mitigation from Irrigated 
Paddy Fields.” Science of the Total Environment 408: 1085–1090. 

UNEP (United National Environment Programme) and WHRC (Woods Hole Research Center). 2007.Reactive 
Nitrogen in the Environment: Too Much or Too Little of a Good Thing. Nairobi.  

UNFCCC (United Nations Framework Convention on Climate Change). 2015. Paris Agreement. 
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf.  

———. 2017. “Paris Agreement: Status of Ratification.” Accessed February 24, 2017. http://unfccc.int/2860.php. 

Wassmann, R., Y. Hosen, and K. Sumfleth. 2009. Reducing Methane Emissions from Irrigated Rice. Washington, 
DC: International Food Policy Research Institute. 

http://www.archive.india.gov.in/knowindia/profile.php?id=2
http://dx.doi.org/10.1111/j.1740-0929.2009.00687.x
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
http://unfccc.int/2860.php


42 

Wikipedia. 2016. “Climate of India.” Accessed December 22, 2016. https://en.wikipedia.org/wiki/Climate_of_India.  

WMO (World Meteorological Organization). 2016. “Provisional WMO Statement on the Status of the Global 
Climate in 2016.” Accessed December 23, 2017.https://public.wmo.int/en/media/press-release/provisional-
wmo-statement-status-of-global-climate-2016.  

World Bank. 2015. “Agricultural Nitrous Oxide Emissions (% of Total).” Accessed July 12, 2016. 
http://data.worldbank.org/indicator/EN.ATM.NOXE.AG.ZS/Countries/1W?display=graph. 

 

https://en.wikipedia.org/wiki/Climate_of_India
https://public.wmo.int/en/media/press-release/provisional-wmo-statement-status-of-global-climate-2016
https://public.wmo.int/en/media/press-release/provisional-wmo-statement-status-of-global-climate-2016
http://data.worldbank.org/indicator/EN.ATM.NOXE.AG.ZS/Countries/1W?display=graph


 



 

RECENT IFPRI DISCUSSION PAPERS 

For earlier discussion papers, please go to www.ifpri.org/publications/discussion_papers. 
All discussion papers can be downloaded free of charge. 

1659. Cash transfers and management advice for agriculture: Evidence from Senegal. Kate Ambler, Alan de Brauw, Susan 
Godlonton, 2017. 

1658.  Gender, climate change, and resilient food systems: Lessons from strategic adaptation by smallholder farmers in 
Cameroon. Lilian Nkengla-Asi, Suresh Chanda Babu, Holger Kirscht, Scarlett Apfelbacher, Rachid Hanna, and Amare 
Tegbaru, 2017. 

1657. Integrating environmental considerations into the agricultural policy process: Evidence from Nigeria. Suresh Chandra 
Babu, George Mavrotas, and Nilam Prasai, 2017. 

1656. Understanding the measurement of women’s autonomy: Illustrations from Bangladesh and Ghana. Greg Seymour and 
Amber Peterman, 2017. 

1655. Addressing transboundary cooperation in the Eastern Nile through the water-energy-food nexus: Insights from an e-
survey and key informant interviews. Helen Berga, Claudia Ringler, Elizabeth Bryan, Hagar El Didi, and Sara Elnasikh, 
2017. 

1654. Limited attention and information loss in the lab-to-farm knowledge chain: The case of Malawian agricultural extension 
programs. Chiyu Niu and Catherine Ragasa, 2017. 

1653. Does providing agricultural and nutrition information to both men and women improve household food security?: 
Evidence from Malawi. Catherine Ragasa, Noora-Lisa Aberman, and Cristina Alvarez Mingote, 2017. 

1652. Is the WTO dispute settlement procedure fair to developing countries? Antoine Bouët and Jeanne Metivier, 2017. 

1651.  Role of media in shaping the policy process: Comparative lessons from the food price crisis in Bangladesh, China, India, 
and Viet Nam. Suresh Chandra Babu, Smita Aggarwal, and Junjie Chen, 2017. 

1650. Food and nutrition security in transforming Ghana: A descriptive analysis of national trends and regional patterns. 
Olivier Ecker and Joanna van Asselt, 2017. 

1649.  Pathways from agriculture to nutrition in India: Implications for sustainable development goals. Mousumi Das, Ajay 
Sharma, and Suresh Chandra Babu, 2017. 

1648. Agribusiness competitiveness: Applying analytics, typology, and measurements to Africa. Suresh Chandra Babu and 
Mahika Shishodia, 2017. 

1647. The Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI). Hazel Malapit, Crossley Pinkstaff, Kathryn 
Sproule, Chiara Kovarik, Agnes Quisumbing, Ruth Meinzen-Dick, 2017. 

1646. Intertemporal choice and income regularity: Non-fungibility in a lab-in-the-field experiment. Berber Kramer and David 
Kunst, 2017. 

1645. Climate change and variability: What are the risks for nutrition, diets, and food systems? Jessica Fanzo, Rebecca 
McLaren, Claire Davis, and Jowel Choufani, 2017. 

1644. Building resilience for food systems in postwar communities: Case study and lessons from Northern Sri Lanka. Hamsha 
Pathmanathan, Suresh Chandra Babu, and Chandrashri Pal, 2017. 

1643. Empowerment, adaptation, and agricultural production: Evidence from Niger. Fleur Wouterse, 2017. 

1642. Insurance structure, risk sharing, and investment decisions: An empirical investigation of the implications of individual 
and group weather index insurance. Laura Munro, 2017. 

1641. Economic accounts for agriculture and farm income in Senegal. Ismaël Fofana, Mahamadou Tankari, and Fousseini 
Traore, 2017. 

1640. Food inflation and food price volatility in India: Trends and determinants. C. S. C. Sekhar, Devesh Roy, and Yogesh 
Bhatt, 2017. 

1639. Revitalized agriculture for balanced growth and resilient livelihoods: Toward a rural development strategy for Mon 
State. Mateusz Filipski, Ulrike Nischan, Joanna Van Asselt, Ben Belton, Adam Kennedy, Aung Hein, Duncan Boughton, 
and Paul Dorosh, 2017. 

http://www.ifpri.org/publications?sort_by=ds_year&f%5B0%5D=sm_content_subtype_to_terms%3A88


 

INTERNATIONAL FOOD POLICY  
RESEARCH INSTITUTE 

www.ifpri.org   

IFPRI HEADQUARTERS 
1201 Eye Street, NW 
Washington, DC 20005 USA  
Tel.: +1-202-862-5600 
Fax: +1-202-862-5606 
Email: ifpri@cgiar.org 
 

mailto:ifpri@cgiar.org

	Abstract
	Acknowledgments
	1.  Introduction
	2.  Global Climate Change Challenge in the Context of  Indian Agriculture
	Technical Interventions
	Institutional Interventions
	Policy Interventions

	3. A Conceptual Framework and Methodology
	Conceptual Framework
	Methodology

	4. Results and Discussion
	5. Concluding Remarks
	References
	RECENT IFPRI DISCUSSION PAPERS

