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Abstract 

In the context of climate change, the Indian agricultural sector treads in a certain 
duality between promoting food security in response to the increasing population, 
but at the same time in ensuring environmental sustainability, and sustained economic 
growth, especially in developing countries like India. The concept of Climate Smart 
Agriculture (CSA) emerged from the recognition of this duality. Using the Indian Social 
Accounting Matrix (SAM) 2017–18, the economy-wide effects arising out of agricultural 
interventions were estimated, keeping accord with the impacts on sectoral outputs 
and household incomes from the adoption of varying CSA interventions such as Con-
servation Agriculture, System of Rice and Wheat Intensification (SRI-SWI) and Natural 
Farming, fitting the three-pillared criterion of CSA—(1) Productivity (2) Adaptation 
and (3) Mitigation. Additionally, a shift in cropping patterns from Paddy and Wheat 
to less emission-intensive crops was also studied. Results show that SRI-SWI provides 
the highest economy-wide impacts while accounting for lower GHG and water 
footprint. Alternative crops such as Maize, Sorghum, and Millet have minimal increase 
in income and output effects while having lower water and carbon intensity compared 
to rice and wheat. The current study would sensitize policymakers to prioritize suitable 
policy and institutional measures for upscaling climate smart interventions in India.
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1 Introduction
Agricultural sector plays a pivotal role in promoting food security in response to the 
increasing population. In 2020, it was estimated that nearly 690 million people, or 8.9% of 
the global population live in hunger (FAO 2020a, b). This situation is expected to aggra-
vate the need of producing 70% more food by 2050 to feed an estimated 9 billion people. 
Developing countries with close agrarian economic linkages are particularly more vulner-
able to the effects of climate change and are headed towards severe livelihood challenges 
due to declining agricultural productivity and increasing food demand, culminating in 
income and food insecurity (Mendelsohn 2008; Fischer et  al. 2005; Wheeler and Von 
Braun 2013). Calzadilla et al. (2013) predict by 2050, there will be an overall minimum 
loss in global welfare and GDP of about USD 268 billion and USD 265 billion respectively, 

*Correspondence:   
kakali.mukhopadhyay@mcgill.ca

1 Gokhale Institute of Politics 
and Economics, Pune, India
2 International Food Policy 
Research Institute (IFPRI), New 
Delhi, India
3 Department of Natural 
Resource Sciences, Agricultural 
Economics Program, McGill 
University, Macdonald Campus, 
21,111 Lakeshore Road, Ste 
Anne de Bellevue, Montreal, QC 
H9X3V9, Canada

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 2 of 30Ajatasatru et al. Journal of Economic Structures            (2024) 13:4 

due to a fall in agricultural production from the impacts of climate change. In a country 
like India, 54.6% of the total workforce is employed in the agriculture sector, contributing 
17.8% to the country’s Gross Value Added (GVA) (FAO 2020a, b),

The emissions from the agriculture sector are generated from production and post-
farm processes, accounting for 18.4% of the total global greenhouse emissions in 2016 
(Ritchie & Roser 2020). The GHGs  N2O and  CH4 constitute a higher share of agricul-
tural emissions with Global Warming Potential (GWP) of 34 and 298 times (IPCC 2013). 
Of the countries among the top ten GHG emissions from paddy cultivation, nine coun-
tries are located in Asia of which, India ranks second (Fig. 1).

In the case of India, 14% of the cumulative  CO2eq. Emissions were attributed to the 
agriculture sector (UNFCCC 2021). The category-wise agricultural emissions in India 
are presented in Fig. 2.

The agricultural GHG emission is primarily attributed to enteric emissions of live-
stock and cultivation of emission-intensive foodgrain crops such as rice and wheat, 
contributing 41% of the anthropogenic methane and 74% of nitrous oxide emissions 
(FAO 2020a, b; Pathak Bhatia and Jain 2014; Kashyap and Agarwal 2020) (see Appen-
dix 1). The  CH4 emissions constitute the highest share (54.6%) and  N2O emissions 

Fig. 1 Top 10 GHG Emitting Countries from Paddy Cultivation (2010–19)
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Fig. 2 Category-wise  CO2eq. Agricultural emissions in India 2016 (in percentage)
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are through the application of fertilizers to agricultural soils (19.1%). Rice cultivation 
also leads to  CH4 and  N2O emissions, with a GWP of 467, which is 169% higher com-
pared to wheat and maize (Linquist et al. 2012). In 2021, rice cultivation encompassed 
an area of 43 million hectares which was 34% of total foodgrain area coverage in the 
country (GOI 2022a, b, c) and is the second highest rice producer in the world (Shah-
bandeh 2022). Along with the agriculture sector contributing significantly towards 
non-CO2 emissions, it is also input-intensive, especially in energy, water, fertilizers, 
and pesticides. Indian agriculture accounts for 80% of the total freshwater consump-
tion in the country (Dhawan 2017; Sen 2018). The agricultural water consumption is 
largely unregulated and inefficient (Dhawan 2017). This leads to the over-extraction 
of groundwater resources, thus making India the largest consumer of groundwater in 
the world, more than the USA and China combined (Jovial 2022). Globally, around 
40% of irrigation is sourced from groundwater whereas in India it is well over 50%. 
The electricity consumption by the agriculture sector accounts for 17.35% share (CEA 
2023), however, the agricultural power load is becoming an increasing challenge (PIB 
2015). Between 2010 and 2021, agricultural power consumption increased by 80% 
(CEIC 2021) in the country.

At the policy and institutional levels, the Government of India has taken several steps 
that attempt to create sustainability in agricultural production systems. Initiatives such 
as the Paramparagat Krishi Vikas Yojana (organic farming) are aimed at reducing chemi-
cal fertilizer usage which is 209 kg/ha in India, compared to the world average of 146 kg/
ha (World Bank 2022). The government has set a target of achieving 10% of the culti-
vated area into organic farmlands by 2025 (GOI 2016). Additional programs in tackling 
unsustainable agricultural practices have been initiated such as Pradhan Mantri Krishi 
Sinchayee Yojana (efficient irrigation), Neeranchal (watershed development), National 
Initiative on Climate Resilient Agriculture (NICRA), reduction in fossil fuel subsidies, 
and National Adaptation Fund (Praveen and Ramachandran 2020).

The government of India is also promoting millets as an alternative to other foodgrains 
such as wheat and rice. India is responsible for 20% of global millet production (GOI 
2022a, b, c). To this end, at the request of the government, the United Nations declared 
2023 as the International Year of Millets. Davis et al. (2019) show that the substitution 
of rice in each district with alternative cereals leads to a significant decrease in blue 
water footprint while ensuring the availability of higher nutrient content such as protein 
(+ 1%), iron (+ 27%), and zinc (+ 13%). Furthermore, these alternative cereals have a sig-
nificantly lesser GHG footprint as, unlike rice, they do not require continuous flooding 
conditions. While there aren’t any methane emissions compared to wheat, they require 
the same or lesser fertilizer inputs, thus curbing down the nitrogen emissions (Sah and 
Devakumar 2018). Simultaneously, ensuring judicious resource utilization and sustained 
economic growth is essential for a country’s long-term sustenance. The concept of Cli-
mate Smart Agriculture (CSA) emerged from the recognition of this duality of environ-
mental sustainability and economic stability; proposed by FAO (2009) to address the 
impact of both the 2008 food price crisis and global warming on the agricultural sec-
tor. Even though FAO has set it to be context specific in accordance with local needs, 
the operationalization of CSA has so far also drawn heavily on conventional, top–down, 
technical solutions to achieve impact at scale.
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The three objectives of CSA of productivity, adaptation, and mitigation can be pursued 
with a viable spectrum of varied options, ranging from agroforestry with strict adher-
ence to organic practices to technologically intensive practices advocating for a higher 
level of mechanization and biotechnology. Lipper and Zilberman (2018) consider CSA 
to be a relatively new concept which attempts to integrate responses to climate change 
into sustainable agricultural development, hence it should be considered more of a guid-
ing objective rather than a fixed prescriptive solution. The agenda of CSA is outcome 
oriented compared to agroecological approaches which are more method driven, while 
the latter is consistent with the former but not vice-versa. A better pathway to the CSA’s 
Sustainable Agricultural Intensification (SAI) has been raised to be Agroecological 
Intensification (AI), which is pro-organic and adverse to any form of mechanization or 
biotechnological push towards agriculture.

Mockshell and Kamanda (2018) identify both Conservation Agriculture (CA) and the 
System of Rice Intensification (SRI) under the purview of a blended view of sustain-
ability, recognizing the synergies and tradeoffs between the two approaches to deter-
mine the best practices through an integrated approach. The overlap between CSA and 
Agroecology (AE) is at landscape and farm levels where, CSA is more about the policy, 
finance, and institutional aspects; being more influential at a national and global scale 
aimed at large transformational changes. Meanwhile, AE is more involved at the farm 
level in accordance with the specific agronomic behaviour of the biotope (Saj et al. 2017). 
The present study has considered four scenarios of varying practices under the ambit of 
CSA in consonance of AE along with considerations for promoting sustainable cropping 
patterns by assessing the emission impacts of the dominant foodgrain cropping systems 
in India.

1.1  Relevance of CSA in Indian rice–wheat‑cropping system (RWCS)

The Indian agricultural sector has been considered vital towards country’s economy and 
food sovereignty and was also found to be the only sector that was resilient in the period 
of economic downturn, during the COVID-19 pandemic, with a positive growth rate of 
3.4% in GVA (Kapil 2021). Although, among the myriad of problems in the agriculture 
sector; there have been persisting concerns over low productivity in Indian agricultural 
yield, which has been further exacerbated by the projections of uncertain adversities that 
may arise due to climate change. Simulating the relation between the effects of climate 
change on agriculture is often complex along with uncertain projections. This is due to 
wide variability in agro-climatic conditions, farming practices, and technologies among 
agronomically diverse regions of India. Yet most studies do predict the varying level 
of crop losses due to climate change impacts (Mall et  al. 2006). A majority of studies 
that are concerned with simulating climate change impact delve primarily into cereals, 
pulses, and oilseeds, as they are regarded as the main sources of human and livestock 
calories globally for instilled food security.

The focus on rice and wheat cropping systems is of particular significance in the 
Indian context, as they constitute the staple of the Indian diet and household consump-
tion basket. India is also the second largest producer of rice and wheat; accounting for 
76% of the total foodgrain output and 59% of the area under foodgrains (GOI 2020). 
Birthal et al. (2014) predict that in the medium term (2035) there will be a decline in the 
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yield, from 2.5 to 7.1% in rice and a decline of 0.5–8.3% in wheat, while in the long term 
(by 2100) a decline in yield of 5.9–15.4% in rice and 8.2–22% in wheat is to be expected.

Thus, the triple objective framework set by the CSA approach holds great relevance in 
instilling resilience. Therefore, practices such as CA have been identified to be particu-
larly relevant in relation to smallholder farmers’ interests (Mizik 2021) which inherently 
adhere to the principles of AE, while also vying for the objectives set forth under CSA. 
One of the most promising CSA practices of SRI which initially faced apprehensions due 
to being perceived as unviable, particularly in developing countries due to labour scar-
city and yield loss has seen a resurgence in adoption (Thakur and Uphoff 2017). This 
renewed emphasis on SRI practices is driven by its potential conservation of water and 
farmer experiences which is being reworked to be context-specific from an AE perspec-
tive. Similarly. in this study we have taken into account Zero Budget Natural Farming 
(ZBNF), a practice specific to India which adheres with the objectives set by CSA and 
also originates from smallholder community movement (Ghosh 2019).

1.2  Conservation agriculture

Conservation Agriculture (CA), is a holistic approach, characterized by numerous inter-
actions among households, crops, and livestock, to create a sustainable farming system 
(Hobbs et al. 2008). The CA approach involves a wide range of practices that are part of 
its three main principles: (i) the minimization of soil disturbance from mechanical till-
age, (ii) the maintenance of a permanent organic soil cover, and (iii) the diversification 
of crop species through crop rotation (Jat et al. 2020). The study by Aune (2012) shows 
CA achieves similar levels of yield as the conventional practices while having reduced 
emissions. Thus, our study has ascertained the economy-wide benefits of adopting CA 
beyond the farm household, while also qualifying the three-pillar criteria set by the CSA 
framework; through quantified water and GHG footprint reduction.

The practice of CA came of particular relevance in the context of the Rice–Wheat 
Cropping Systems  (RWCS) of Indo-Gangetic Plains (IGP). The Indian IGP is spread 
over the states of Punjab, Haryana, Delhi, Uttar Pradesh, Bihar, and West Bengal, where 
RWCS is dominant, covering about 10 million Ha (Timsina and Connor 2001). Prior to 
the Indian green revolution, rice cultivation was quite limited to pockets of high qual-
ity but low productivity Basmati rice (Prasad and Nagarajan 2004). This invited oppor-
tunity for the cultivation of the high-yielding variety rice cultivars such as IR-8 in the 
non-traditional areas of the IGP.1 This pattern of RWCS soon took over in large areas, 
particularly in the upper IGP due to it having lesser associated risk and high market 
value, replacing other foodgrains, oilseeds, and pulses, although, this pattern of crop-
ping has created several issues pertaining to water scarcity, associated Global Warming 
Potential (GWP) and loss in diversity and resilience in crop varieties.

The introduction of CA in the IGP emerged towards addressing the delayed Rice–
Wheat cropping cycle, which arises from drained soil fertility post-water intensive Rice 
cropping period resulting in planting delays for Wheat. Initially, the idea of CA was 
instilled in form of Zero-Tillage Wheat through the use of mechanized inputs such as 

1 This move was also in response to the introduction of improved variety of dwarf wheat cultivars of Sonara 64 and 
Lerma Rojo which led to a late sowing period for wheat.
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seed drillers with efficient fertilizer delivery mechanism. These initial adoption of Zero-
Tillage Wheat practices, paved the way for technological developments among the 
Indian manufacturers through innovations such as fixed openers, happy seeder tech-
nology and other mechanisations that allow for Zero Tillage cropping for other crops 
such as maize, legumes, mustard and sunflower. The recent progress to further enhance 
the CA approach has resulted in the substitution from traditional puddled transplanted 
rice to Zero-Tillage Direct-Seeded Rice (DSR-ZT). This form of farmer-participatory 
research led to the wider spread and rapid adoption of ZT wheat (Hobbs et al. 2019). 
Currently, about 1.5 million Ha is under partial conservation agriculture (Jat et al. 2014). 
The practice of CA has been widely recognized under CSA due to it providing yield 
enhancements, resource efficiencies, emission savings, and resilience in case of uncer-
tain rainfall conditions (Kassam et  al. 2015; Michler et  al. 2019; Bhattacharyya et  al. 
2015).

1.3  System of crop intensification

The system of crop intensification emerged as derivations of SRI principles to other 
crops such as wheat, finger millet, maize, and sugarcane, also varied types of oilseeds, 
legumes, and even vegetables primarily in African and Asian countries (Abraham et al. 
2014; Thakur and Uphoff 2017). The four principles by which SRI has been classified 
consistently are: (1) Early, quick, and healthy plant establishment; (2) reduced plant den-
sity; (3) improved soil conditions; and (4) controlled water application. While these set 
of practices are constant, the means of implementing them may vary suiting the farmer’s 
socioeconomic needs and agroecological context. The practices associated with the sys-
tem of crop intensification often are found to be labour saving upon mechanization of 
certain processes involved in SRI-SWI such as land-leveling, weeding, and transplanting. 
(Rana et al. 2017; Saxena et al. 2019).

The basic premise of SRI lies in a management-oriented innovation that is aligned 
towards increasing productivity through optimal management of plants, soil, water, and 
nutrients.2 The initial adaptation constraints to SRI were over concerns of labour scar-
city along with risks of yield loss which were witnessed during the on-farm experimenta-
tions in Madagascar (Barrett et al. 2004). The labour intensive nature of SRI is context 
specific depending upon the process of farmer adaptation towards implementation of 
the core tenets of SRI.3

In India, SRI initially got promoted primarily in the southern states.4 Although, at pre-
sent there aren’t any specific government data on area coverage under SRI but Gupta 

2 Developed in 1980s by French Agronomist and Jesuit Father Henri de Laulanié, with his core motivation being 
towards instilling a sense of self-reliance by addressing the varied resource constraints of the peasant farmers of Mada-
gascar (Prasad C. S., 2006; de Laulanié, 1993).
3 Since it is primarily a management-oriented innovation, the fluctuations in yields and resources are reliant on knowl-
edge adapatation in practice during the transition phase. Therefore, even though there might be immediate increases in 
per kg labour requirements in the short term, the new methods and practices is witnessed to be labour saving (Thakur & 
Uphoff 2017).
4 It started under the extension projects in 2002–03, by the state agricultural universities of the two states of Tamil 
Nadu and Andhra Pradesh. Tamil Nadu Agricultural University initiated experiments with a modified SRI practice, that 
used three of the SRI principles of single seeding, wider spacing and use of weeder. It was found, that even though there 
wasn’t initially any differences in yield but significant savings in water usage was witnessed (Thiyagarajan 2002).
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et al. (2021) report about 3–4 million hectares under SRI, adopted primarily by the small 
and marginal farmers.

Similar to SRI, the main practices for SWI are management-oriented which are inter-
ventions for root development and of intensive care. The primary motivations behind 
these adoptions of SRI principles for other crops have been driven by the success sto-
ries of farmers facing resource constraints but witnessing higher yields from adopting 
SRI principles in other crops. SWI was first tested in 2006, by farmers associated with 
the People’s Science Institute (PSI). The pilot project on SWI started with 40 farmers 
from 25 villages in the states of Himachal Pradesh and Uttarakhand, which found posi-
tive yield growth. In the successive three years, the practice got spread to other states 
of Madhya Pradesh, Bihar, Punjab, Odisha, Uttar Pradesh, and Chhattisgarh (PRADAN 
2008; Biswas and Das 2021).

1.4  Zero budget natural farming

ZBNF aims at the complete elimination of chemically induced fertilizers and pesticides 
leading to a significant reduction in input costs, leading up to zero external financing 
while aiming at increased crop yield (Biswas 2020). The four pillars of ZBNF are given to 
be: (1) Natural, chemical-free seed treatment to retain micro-organisms in the soil, pref-
erably under a poly-cropping system. (2) Natural, organic tonic preparation for retaining 
nutrients in the soil on the root level, with complete elimination of fertilizers. (3) Circu-
lation of air and conservation of water and moisture within the soil and reduce the need 
for soil tillage, and soil aeration. (4) Integration of livestock with crops for biological and 
economic synergies is recommended (Korav, Dhaka, Chaudhury, and Mamatha 2020).

Though, differences have been cited between Natural farming and Organic farming 
mainly in the usage of vermicomposting, manure or the total expenditure where organic 
farming was found to be costlier, both promote chemical-free agricultural techniques. 
Overall, there is an increased labor requirement due to elaborate set of timely interven-
tions, yet there’s also higher environmental benefits and cost savings. The ZBNF move-
ment extends beyond CA by opposing use of any external inputs and synthetic fertilizers 
(Palekar 2006). Currently, as per varying estimates, ZBNF practices in the southern 
states of Karnataka and Andhra Pradesh are approximately 700,000 ha. while pilot initia-
tives have been undertaken in the states of Himachal Pradesh, Maharashtra, Odisha, and 
Chattishgarh.

The practice is primarily oriented and has been receptive to groups of small, marginal, 
and tribal farmers (Khadse et al. 2018). The attempt here has been towards transforma-
tion rather than adjustments in existing practices, hence its knowledge-intensive nature 
being a potential barrier towards wider adoption. The success of the ZBNF movement 
has been through the persevering social capital focused on relations of trust; reciprocity 
and exchange; common rules; norms and sanctions and connectedness (Bharucha et al. 
2020).

Given this backdrop, the objective of our study is to estimate economy-wide effects 
arising out of agricultural interventions that fit with the three-pillared criterion of CSA—
(1) Productivity, (2) Adaptation, and (3) Mitigation, while being considerate of the local 
niches, finding their origin either in community driven movements or on-farm experi-
ments. The purpose of studying the economy-wide effect of Climate Smart Agriculture 
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(CSA) is to ascertain the impact on the economy upon scaling particular agricultural 
intervention. Also, it portrays the impact of additional yield gain on the household 
incomes and the associated sectors, which in turn help in priority setting and country-
wide policy investment planning. This is in cognizance of the first criterion of CSA pro-
ductivity. Further, in lieu of the second and third criterion pertaining to adaptation and 
mitigation, our study has also taken into account the water savings (for assessing the 
second criterion; adaptation) and reductions in GWP (for assessing the third criterion; 
mitigation) of CSA practices. To calculate direct and indirect water usage, based on per 
tonne production, water coefficients were estimated based on the water footprints calcu-
lated by Mekonnen and Hoekstra (2011). Similarly, the respective CO2¬eq. coefficients 
were collected from multiple studies. The direct and indirect intensities have been fur-
ther calculated based on methodology set by Perman et al. (2011). Apart from changes 
in practice and technological interventions, we have also considered changes in crop-
ping patterns primarily viable substitutions in the dominant RWCS of India, with other 
foodgrain crops that aren’t emission intensive.

The subsequent Sect. 2 provides detailed information on the Methodology and Sce-
nario development adopted for this study to evaluate Climate Smart Agriculture 
approaches. Section 3 provides the results from the scenarios followed by Discussion in 
Sect. 4 and Conclusion and Policy recommendation in Sect. 5.

2  Materials and methods
2.1  Social accounting matrix for macroeconomic policy

Social Accounting Matrix (SAM) is an accounting framework in form of a square matrix 
that portrays the flow of funds in an economy through cells that represent transactions 
from column accounts to row accounts. The structure of SAM is generally composed 
of seven types of accounts; activities, commodities, factors of production, households, 
government, savings and investment (S-I), and the rest of the world (Breisinger, Thomas, 
and Thurlow 2009).

Several SAM-based studies have been undertaken in the past towards capturing the 
role of agriculture as a driver of growth in the overall economy. Further, the agricultural 
sector is of particular significance in many developing nations as it accounts for a sub-
stantial part of the economy and its role in improving household incomes (Havinga et al. 
1987; Townsend and McDonald 1998; Pyatt and Round 1977). The focus of these studies 
has been at analyzing the interdepencies between the agricultural sector and the rest 
of the economy or towards estimating the impacts and distributive effects of policies. 
While being one of the first papers to take into account the aspects of technical changes 
in agricultural sectors and in consequence, their macroeconomic effects have been stud-
ied by Khan and Thorbecke (1989). Their study over the SAM multipliers analyses the 
policy outcomes of technology choices between “traditional” and “modern” techniques 
by disaggregating the types of commodity in relation to the differing production tech-
niques, in the context of the economy of Indonesia.

In the Indian context, one of the first attempts at building a SAM was by Sarkar and 
Subbarao (1981), although prior studies pertaining to sectoral linkages had already 
been undertaken using an Input–Output approach (Hazari 1970; Hashim 1971). While 
a recent study by Mythili and Harak (2012) emphasizes the importance of agricultural 
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sector in it’s income-generating potential, even if the Indian economy has gone through 
a structural transformation in the post-liberalization era. The service sector transition 
has become prominient over the years, although the employment growth in service sec-
tor has been lagging. The study also further accentuates, the missing link between agri-
culture and service sector, due to which the spillover effects have been limited from the 
latter.

There has not been any studies for India that use the SAM framework to assess the 
direct and indirect, sectoral and household impacts arising out of changes in agricul-
tural practices. To this end, our study has taken into account the economywide impact 
of agroecological approaches towards agricultural development, while keeping the pil-
lars of CSA intact. In this study, we have considered both the changes in technology and 
existing practices, along with propositions for shifting into alternative foodgrain crop-
ping patterns, while meeting the three-pillared objectives of CSA. Therefore, the focus 
here is not only on increasing crop yields but also on its effects on household income 
patterns along with wider sectoral changes and also the associated resource savings (in 
terms of Water and GHG footprints). By taking into consideration the climate change 
ramifications from agricultural practices, our study is also aligned with the Sustainable 
Development Goals of ‘Taking Action against Climate Change (Goal 13). The usage of 
the SAM framework, hence provides a macro view of considered propositions, in con-
trast to most studies which are often at the farm level.

2.2  Methodological framework of SAM model

In this study, the 2017/18 Social Accounting Matrix for India published by the Interna-
tional Food Policy Research Institute (henceforth IFPRI-SAM) has been used (Pal et al. 
2020). The 2017–18 IFPRI-SAM constitutes 112 sectors composed of 39 sectors belong-
ing to agriculture and allied activities, 18 sectors relating to agriculture-based processing 
activities, 24 manufacturing sectors, 4 mining sectors, 3 utilities sector, 1 construction 
sector and 23 service sectors. The factors inputs are classified into labor, capital, and 
land. The labor has been classified into rural and urban, with a further division based 
on education level. Capital has been divided into 4 types: crop, live animal, mining, and 
other financial capital. The household has been divided into rural farm households, rural 
non-farm households, and urban households with five quintiles of income level (Pal 
et al. 2020). The IFPRI 2017–18 SAM has 5 endogenous accounts (Activities, Commodi-
ties, Factors, Enterprises, and Households) and 4 exogenous accounts (Government, 
Taxes, Savings-Investments, and Rest of the World) (IFPRI-SAM framework provided in 
Table 8 in the Appendix 2). Using IFPRI-SAM database as baseline of our study, we have 
followed the following steps in Table 1 to fulfill our objectives of this study.

Although the above table describes in detail various technical steps involved in this 
study, the SAM multiplier model needs special attention. Therefore, in the following 
paragraph we have described the SAM multiplier model and its various components in 
lieu of our objective of this study.

In this study, we have adopted SAM multiplier model described in the study by Breis-
inger, Thomas, and Thurlow, (2009). The SAM structure involved in that study is similar 
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to the 2017–18 IFPRI-SAM structure. The SAM multiplier model dervied by Breisinger 
et al. (2009) is given below.

where, Z − NX1 vector of output endogenously determined using multiplier model. 
‘N’ is number of endogenous accounts. M − NXN  coefficient Matrix, E − NX1 Vector of 
Exogenous Variables.
I = NxN  identity matrix.
In the above equation (I −M)−1 is the multiplier matrix that describes the linkages 

effect on endogenous variable due to any exogenous shock. Therefore, it is worth not-
ing that the multiplier impact depends on value of the coefficient matrix M . Further 
the selection of endogenous and exogenous variables largely depends on the research 
question the study concerns. In this study, we have considered government transactions, 
gross fixed capital formation, change in stock, direct and indirect taxes, and the rest of 
the world transactions as exogenous accounts to estimate SAM multiplier model.

The multiplier model derived above does not include climate smart crop cultivation 
activity account. Again, as the IFPRI-SAM has 112 activity output, 112 commodity out-
put, 1 trade and transport margin, 13 types of value-added income, income of 15 types 
of households, together of them accounts 253 endogenous variables to be estimated 
using this SAM multiplier model. Hence, dimensions of Z , and E vectors in the multi-
plier model have 253 rows and the matrix M is a square matrix of dimension 253x253. 
Again, the M matrix contains various components, and this is described in the Table 2.

The M matrix presented in the above table has 8 non-zero components. The blank part 
of the above table represents zero elements of M matrix which implies no direct relation 
between the components. However, they have an indirect relationship due to the circu-
lar flow of income and inter-industry linkages. The multiplier matrix (I −M)−1 captures 

Z = (I −M)−1E

Table 1 Method of extending IFPRI-SAM and multiplier model with CSA practice

Technical steps Descriptions

Step 1: Identify CSA practices for paddy and wheat
Rice—(1) Direct Seeded Rice, (2) Systems of Rice Intensification, and (3) Natural Farming
Wheat—(1) Zero Tillage Wheat, (2) Systems of Wheat Intensification, and (3) Natural Farming

Step 2: Estimate intermediate and value-added input coefficients for CSA practice. Please see Sect. 2.3 
to understand the changes in input–output coefficients due to CSA practice

Step 3: Develop 2017/18 SAM multiplier model without CSA interventions

Step 4: Simulate 2017/18 SAM multiplier model by changing input–output coefficients of paddy and 
wheat activities corresponding to changes in input–output coefficients due to above selected 
CSA practices

Step 5: Split paddy and wheat activities between traditional and CSA practices and balance the 
2017/18 SAM. In this case we have not split the commodities as the commodity output 
between traditional and CSA practices are homogenous but the level of output corresponding 
to CSA activities depends on level of adoption of CSA in the country

Step 6: Extend the SAM multiplier model with CSA practices and simulate it for different levels of 
adoption CSAs. Given the existing SAM of 112 sectors, the extended SAM will consist of two 
additional modified paddy and wheat sectors as discussed in step 1 (114 sectors)

Step 7: We have assumed 2.5%, 5% and 10% scale of adoption of CSA technologies to simulate the 
multiplier model. In this case to simulate the model, the changes are made to the production 
levels, resulting from increase in land area under cultivation based on the aforementioned 
incremental percentages
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both the indirect and direct relationship between the endogenous variables in SAM 
multiplier model. Thus, each component of multiplier matrix (I −M)−1 has its own 
economic significance. For example, the components ( FACXACT  ) record the impact on 
activity-wise gross value added due to any exogenous shock into the economy.

However, the above-described multiplier model does not consider environmental 
impacts. Therefore, we have incorporated impact on water and emission footprint in this 
multiplier model and the modified equations are as follows.

Where,
GHG = total GHG emissions of the economy,
g = The emission coefficients of respective activities (wherein, g is a column vector 

with direct emission per unit output of each activity sector, while for the other endog-
enous accounts is zero)
BLUWAT  = total blue water use
w = water use intensity in agriculture sector (wherein, w is a column vector with water 

use per unit output of each associated agriculture activity sector, while for the other 
non-agriculture activity sectors and the endogenous accounts the value is zero)

Finally, as discussed in step 7 in the earlier table, we have incorporated different levels 
of adoption corresponding to different CSA scenarios described above. Results of the 
SAM multiplier model corresponding to above scenarios are described in the following 
section.

GHG = g(I −M)−1E . . . (emission footprint)

BLUWAT = w(I −M)−1E] . . . (water footprint)

Table 2 Endogenous account and components of ‘ M ’ matrix

ACT Endogenous accounts

COM TRC FAC HHS

ACT (Domestic produc-
tion)MA,C

(Consump-
tion from 
home pro-
duce)MA,HHS

COM (Inter-industry flow)
MC ,A

(Receipts from Trade 
& transport margin)
MC ,TRC

(Private 
marketed 
consump-
tion)MC ,HHS

TRC (Trade and transport 
margin)
MTRC ,C

FAC (Payment for factor 
input)MF ,A

HHS (Factor income 
of house-
holds)MHHS,FAC
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2.3  Intervention scenarios

The original Rice and Wheat sectors have been split to add two additional modified 
Rice and Wheat sectors where the technological interventions have been carried out 
and compared with their generic counterparts. The modified Rice and Wheat sec-
tors, initially have the same input and value-added coefficients as the aggregated sec-
tors. But towards simulating the effects of various intervention scenarios the input and 
value-added coefficients have been modified accordingly. Finally, to satisfy the Hawk-
ins–Simon condition (implying that the column sum of coefficient matrix for activity 
column-commodity row being equal to 1), the changes in the intermediate inputs and 
value-added labour have been adjusted accordingly with the value-added capital. The 
cost of adoption of newer technology necessary to justify the intervention scenarios is 
considered to be the additional capital in all three scenarios.

The economy-wide effects of the intervention scenarios have been analyzed for land 
shift under the new intervention crop sector at 2.5, 5, and 10% of the total land coverage 
of the respective crops.

The SAM multiplier model thus developed has been applied to simulate under three 
distinct scenarios and the detail about them is given in Table 3.

However, prior to solving the SAM multiplier model corresponding to various cli-
mate-smart agriculture scenarios, we solved that model without such interventions and 
considered it as a baseline scenario. Therefore, under the baseline scenario, farmers are 
following the traditional method of crop cultivation that includes puddled transplanated 
paddy and direct-seeded wheat cultivation.

On the other hand, in scenario 1; the practice of Conservation Agriculture (CA) has 
been applied to both Rice and Wheat sectors, under the practice of Direct Seeded Rice 
(DSR) and Zero Tillage (ZT) Wheat.

Table 3 Scenario description

Scenarios Descriptions

Baseline scenario Estimate the multiplier value using IFPRI-SAM multiplier 
model without CSA interventions. Since our focus is on 
Paddy and Wheat, we are assuming puddled transplanted 
paddy and direct seeded wheat are the baseline technol-
ogy as most of the Indian farmers follow these methods 
of cultivation across states

Scenario 1: Direct Seeded Rice and Zero tillage wheat Economy-wide impact of different CSA practices. Here we 
have changed the input–output coefficient of ‘M’ matrix 
corresponding to paddy and wheat activity

Scenario 2: Systems of Rice Intensifications and 
Systems of Wheat Intensification

Scenario 3: Zero Budget Natural Farming (ZBNF) of 
Paddy and Wheat

Scenario 4: Change in cropping pattern Here an overall shift in final demand from Rice and 
Wheat to alternative foodgrains such as Maize, Sorghum, 
and Millet has been considered. A modest 10% rice 
and wheat cultivation area is substituted with maize, 
sorghum, and millet sectors, which comparatively require 
the same or lesser input requirements in terms of ferti-
lizer, labor, and water requirements. Additionally, in this 
scenario a comparison has been made of the multiplier 
effects and outcomes of the alternative foodgrains in rela-
tion to the traditional Rice and Wheat sectors. There are 
no changes in technological coefficients in this scenario 
but rather a comparison of the multiplier effects of the 
varying sectors
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In scenario 2, the extensively studied practice of SRI, along with nascent emerging 
SWI has been undertaken.

In scenario 3, the recent drive towards Zero Budget Natural Farming (ZBNF) has been 
taken into consideration. India has set a target of achieving 10% of the cultivated area to 
be organic in nature by 2025 (GOI 2021a, b). ZBNF technology, even after its differences 
with organic farming promotes chemical-free technologies as established above. In 
this scenario, 10% of the total rice and wheat cultivated area is assumed to be achieved 
through ZBNF. The input structure changes in each of the aforementioned scenarios are 
presented in Table 4.

Further, scenario 4 has been considered where an overall shift in final demand from 
Rice and Wheat to alternative foodgrains such as Maize, Sorghum, and Millet has been 
considered. A modest 10% rice and wheat cultivation area is substituted with maize, sor-
ghum, and millet sectors, which comparatively require the same or lesser input require-
ments in terms of fertilizer, labour, and water requirements. Additionally, in scenario 4 
a comparison has been made of the multiplier effects and outcomes of the alternative 
foodgrains in relation to the traditional Rice and Wheat sectors. There are no changes 
in technological coefficients in this scenario but rather a comparison of the multiplier 
effects of the varying sectors.

3  Results
In this section, the results from the intervention scenarios are discussed, where, the 
impact of technology-related scenarios is presented first, followed by the results from 
the alternative substitution scenario.

3.1  Economy‑wide effects

3.1.1  Technological intervention scenarios

The aggregate effects, due to an increase in exogenous final demand for Rice and Wheat 
have been given in Table 5. The multiplier effect or the economy-wide impact using the 
SAM model does not take into consideration the cost of adoption of these technologies 
in agricultural practices, but only the resulting effects in macroeconomic outcomes due 
to changes in key inputs into the sectors.

Table 4 Input-wise changes and yield increase in scenarios compared to traditional farming 
practices (in percentage)

Source: (Jackson 2009; Laxmi, Erenstein, & Gupta 2007; Abrol, Gupta, & Malik 2005; Pathak & Aggarwal 2012; Dhar et al. 2016; 
Nirmala et al. 2021; Nayar et al. 2020; Jain et al. 2014; Biswas 2020; Suresh et al. 2020)

Yield increase highlighted in bold indicates the productivity of the respective crop cultivation in the respective scenarios

Input changes Scenario 1 (DSR‑ZT) Scenario 2 (SRI‑SWI) Scenario 3 (ZBNF)

Rice Wheat Rice Wheat Rice Wheat

Fertilizer usage − 20 − 0 − 21 0 − 90 − 90

Labour usage − 44 − 30 − 17 − 17  + 9.5  + 9.5

Fuel usage − 40 − 70 − 37 0 − 70 − 70

Chemical − 30 − 30  + 20  + 20 − 100 − 100

Water usage − 20 − 30 − 20 − 20 − 60 − 60

Emission reduction − 33 − 21 − 36 0 − 89 − 89

Yield increase  + 5  + 12  + 22  + 30  + 16  + 16
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The results indicate the highest output, GDP, and income changes in the case of SRI-
SWI. The associated higher yields are a major driver in case of SRI-SWI practice com-
pared to the DSR-ZT and ZBNF scenarios (Table 5).

Furthermore, it is observed that the highest income is generated among the rural 
farming households and also the highest quintile among the urban households (Table 6). 
The additional GDP increase in scenario 1; DSR-ZT, is 2.40 billion due to Rice and 2.42 
billion due to Wheat. Similarly in scenario 2; SRI-SWI, the GDP multiplier is 2.77 billion 
due to Rice and 2.75 due to Wheat. Lastly, we see for scenario 3; ZBNF, there is GDP 
multipliers are 2.75 billion for Rice and 2.58 for Wheat. Hence, ZBNF gives the second 
highest collective GDP increase along with the highest income and output multipliers 
among the three scenarios. These effects are directly associated with yield enhancement 
and labour changes in the three scenarios. Furthermore, the pertinent reason behind 
high output associated with SRI-SWI, could be also from increased requirements from 
machinery sector which further has several backward linkages in manufacturing sectors.

The simulated effects of the same final demand deliveries but the introduction of vary-
ing interventions in Rice and Wheat sector into the SAM were estimated, with a shift 
in the area for 2.5, 5, and 10, for three of the scenarios. The top five output changes 
occurred among the sectors represented in Table 6. Sectoral output increase is transmit-
ted primarily into sectors such as Raw Milk, Wholesale & Retail Trade, and Land Trans-
port in all three scenarios. Sectors such as Raw Milk and Other Vegetables are closely 
linked to all crop sectors since most of the farming households also grow subsistence 
vegetable crops and possess cattle and livestock both for consumption and commercial 
purposes. Raw Milk is among the top sectors due to the presence of cattle among the 
RWCS farmers. Furthermore, wheat particularly is accounting for among the top back-
ward linkages into the output of the Cattle and Raw Milk sector. The Wholesale & Retail 
Trade and Land Transport sectors are among the top sectors due to their strong back-
ward linkages in both Rice and Wheat sectors as facilitators of the supply chain. Fur-
thermore, in the case of both SRI-SWI and DSR-ZT, other manufacturing sectors and 
other business services are also among the top five sectors, which could be due to asso-
ciated higher machinery requirements or higher cohesion with certain agro-processing 
and services sectors with an increase in agricultural output. Moreover, the presence of 
Cotton Yarn, among the top five sectors, in the case of SRI-SWI and ZBNF is primarily 

Table 5 Scenario-wise aggregate multiplier effects

Source: Authors’ calculations

Aggregate effects Rice Wheat

Baseline DSR‑ZT SRI‑SWI ZBNF Baseline DSR‑ZT SRI‑SWI ZBNF

Aggregate multiplier effects

 Output 3.78 3.99 4.58 4.39 3.49 3.92 4.49 4.07

 GDP 2.24 2.40 2.77 2.75 2.13 2.42 2.75 2.58

 Income 1.95 2.09 2.42 2.42 1.87 2.12 2.42 2.28

Changes in household income by groups

 Rural farm 1.00 1.12 1.29 1.30 0.98 1.18 1.29 1.29

 Rural non-farm 0.39 0.39 0.47 0.48 0.37 0.38 0.48 0.40

 Urban 0.55 0.58 0.66 0.64 0.51 0.57 0.65 0.59
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driven by the Wheat sector’s backward and forward linkages with the Other Small Rumi-
nants and Other Livestock, which in turn have strong forward linkages with Raw Cotton 
sector and then that, in turn, being major input into Cotton Yarn (Table  9 in Appen-
dix 3). Sectors such as land transport, wholesale and retail trade have close linkages with 
the Rice and Wheat cropping systems, during the post-harvest activities.

The fall in labour requirements that has been induced in the case of SRI-SWI should 
be accounted for with an eventual shift of labour to other sectors. Hence, enhancing 
the productivity of existing labour can be explored rather than considering additional 
labour requirements. Therefore, practices of DSR-ZT, even though are of modest 
enhancements yet are more aligned with the patterns of a shift in the economy. Since 
they require lesser labour input with a shift into the usage of additional tools and 
machinery, which might be possible if subsidies are introduced for farm machinery 
with effective adoption incentives for the farmers, especially those belonging to the 
small and marginal landholding groups. Also, it is observed that even though the yield 
increase is the highest in case of SRI-SWI, the economy-wide effects of it is weaker 
due to the lowering of labour requirements which could have been considered rather 
as a shift into any of the other sectors to provide the eventual transition paths for the 
economy.

3.1.2  Shift towards alternative crops

In the case of Scenario 4, where a shift in alternative cereals has been considered, the 
effects of additional unit final demand on the factor input requirements (Labour, Land, 
Capital) and the consequent aggregate multiplier effects (Output, GDP, Income) are pre-
sented in Table 7. The associated output increase in the case of Maize is the highest fol-
lowed by Rice, Sorghum & Millets, and Wheat. The income and GDP increase is highest 
for Rice followed by Sorghum & Millets, Wheat, and lastly, Maize.

Maize, apart from having the highest increase in output has also comparatively lower 
labour and capital requirements than the other foodgrains, wherein Wheat has the max-
imum factor input requirements. About 90% of the total labour requirements are being 
fulfilled by the rural labour group, across the varied foodgrain crops. Hence, in conse-
quence, the household factor incomes are accounted for majorly by the rural farming 
households constituting half of the factor incomes generated. Furthermore, given that 

Table 7 Factor input requirements and aggregate multiplier effects from shift towards alternative 
crops

Source: Authors’ calculations

Maize Sorghum & Millets Rice Wheat

Factor input requirements

 Labour 0.11 0.15 0.16 0.16

 Land 0.27 0.36 0.33 0.36

 Capital 0.20 0.27 0.26 0.28

Aggregate multiplier effects

 Output 3.81 3.64 3.78 3.49

 GDP 2.10 2.19 2.24 2.13

 Income 1.80 1.90 1.95 1.87
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Rice and Wheat have higher area allocation and production, it is not surprising that 
associated income and GDP generation are also highest among those sectors.

But given the differences are quite marginal, a shift from the Rice–Wheat cropping 
system can be encouraged, given the associated benefits of labour and emission savings 
from the other cropping patterns.

3.2  Resource and emission footprints

The water use and emission intensities were calculated on the basis of direct and 
total  GHG and water footprints of the crop sectors along with the primary input 
sectors such as fertilizer, petroleum, and electricity sector (Mishra et  al. 2021). The 
direct water footprints of the crop sectors were taken as per Mekonnen and Hoekstra 
(2011) estimates, while the water footprints of primary input sectors were based on 
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multiple studies (Vasudha 2022), (Pardikar 2019) (GOI 2022a, b, c) (CSE 2019) (Sun 
et  al. 2018) (GOI 2021a, b). Similarly, the GHG footprints of the crop and the pri-
mary inputs were determined in reference to multiple studies (Kashyap and Agarwal 
2021; Maheswarappa et  al. 2011; Vetter et  al. 2017). The respective direct and total 
footprints of various foodgrains have been presented in Figs. 3 and 4. It is observed 
that across the sectors, the percentage shares are to a large extent equally distributed 
among the varied cereal crops. Wheat has the highest share among the direct foot-
prints, this is a primary cause of our consideration of the blue water footprints. Even 
though as per Mekonnen and Hoekstra (2011), rice would actually be much more 
water intensive but the primary share of it is accounted from green water, which is 
reliant on rainfall. Furthermore, the blue water footprints give a better picture of the 
establishment of irrigation requirements. 

The Rice sector has higher water requirements; but since we have considered only 
the blue water usage, the wheat sector is dominating. Most of the rice fields are rain-
fed, while wheat is primarily grown on irrigated lands, hence accounting for a major-
ity share. It is evident, that alternative foodgrains such as Maize and Sorghum & 
Millets, have lower direct water and carbon intensities, compared to Rice and Wheat 
sectors. Furthermore, Sorghum & Millets particularly have lower total GHG foot-
prints indicating better suitability for substitution of both in terms of environmental 
sustainability and nutritional security.

The footprint estimation of the CSA practice interventions is presented in Figs. 5 
and 6.

The total blue water footprints in the case of ZBNF Rice–Wheat and SRI-SWI Rice 
were found to be lesser compared to the conventional practice. Whereas, in case of 
DSR-ZT Rice–Wheat and SRI-SWI Wheat, the total blue water footprints are higher. 
Although, comprehensive water footprint accounting for each and every sector that 
has linkages with the RWCS may show significant differences. Yet, the use of an 
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economy-wide framework for envisaging embedded resource footprints and savings 
is instrumental, even though the direct water requirements among the scenarios are 
lesser than the conventional practices, but not necessarily when accounted in terms 
of total water requirements. However, in the case of total carbon footprints, ZBNF 
Rice–Wheat has the highest reductions in terms of total GHG footprints compared to 
other scenarios. While, among other scenarios; the reduction in total GHG footprint 
in case of DSR-ZT Rice is minimal compared to conventional Rice, while being the 
same as conventional practice, in case of DSR-ZT Wheat. Furthermore, the essence 
of economy-wide footprints is revealed upon considering the marginal increase that 
is observed in the total carbon footprint from Wheat under SRI-SWI. Despite there 
being no consideration for the reduction of direct emissions in this scenario, the 
overall total footprint is higher than the conventional practices due to higher input 
demands.

4  Discussion
The results show that a significant difference is observed when it comes to input usage, 
household incomes, output, and emission intensities when there is the adoption of dif-
fering agroecological consonant CSA practices. The changes in income from varied 
adoption measures are especially relevant for rural farm households. The reductions in 
water and emissions certainly are of great importance in relevance to the adaptation and 
mitigation goal from the CSA framework, but reductions or savings in direct footprints 
need not always translate into similar outcomes upon consideration of total footprints 
which are primarily associated with sectoral linkages. Furthermore, in our study, all 
three intervention scenarios can be considered as example cases of blended sustainabili-
ties between SAI and AI.

A balanced approach is required towards the implementation of such CSA interven-
tions for it to be consonant with agroecology, over rigid enforcement of a certain set of 
guidelines. CA (DSR-ZT) and SRI-SWI in practice are not averse to mechanization or 

Fig. 6 GHG footprint among the Scenarios (in CO2eq/Rs)
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external outputs as long as the core principles of the intervention are understood in the 
context of their implementation.

ZBNF certainly provides higher environmental benefits when compared to CA 
(DSR-ZT) and SRI-SWI directly. Yet, the intertemporal limitations of the SAM frame-
work are to be considered in this case, as the transition to a ZBNF scenario is of exi-
gency but not of immediacy since such contrasting changes to the agricultural sector 
in practice require wider knowledge, dissemination, and adoption support. The negli-
gence of such considerations may lead to a systemic economy-wide crisis. The case of 
Srilankan agricultural reforms is a prime example of such good-intentioned yet not-
so-practical approaches to policy intervention. An abrupt shift to organics resulted in 
a drop in yields, which caused a surge in food prices that transmitted throughout the 
system causing marked inflation in the economy (Pandey 2021).

One of the main limitation of the current study has been the calculation of the eco-
nomic benefits of water and GHG footprint through the existing SAM framework for 
water resources accounting for the costs associated with irrigation charges. Therefore, 
economic accounting of resource savings is certainly going to play a major role given 
the introduced scarcities due to climate change. Similarly, due to the lack of an envi-
ronmentally-extended SAM accounts, the economic benefits of emissions reduction 
have not been considered in the present study. Furthermore, the agricultural sector 
in India is already considered to be stagnant and plagued by low labour productivity.

Hence, the considered ZBNF scenario with an increased labour requirement might 
not be plausible in terms of increased labour demands. Rather, with constrained 
labour, an increased productivity scenario has to be considered. The linkages found 
between the crop and livestock sectors are of importance since they fit the ZBNF cri-
terion—greater livestock integration with farming practices. Meanwhile, CA (DSR-
ZT) presents an ideal scenario, fitting the needs of the Indian economy which can be 
adopted given the suitability of context upon which the resulting labour reductions 
from the adoption of CA (DSR-ZT), can be absorbed in other productive sectors. 
Similarly, SRI-SWI also promises greater labour savings, yet as often found in litera-
ture, the initial period is certainly labour intensive, as the core essence of SRI-SWI is 
through effective knowledge transfer in the management of cropping cycles; while the 
increase in capital requirements can be addressed through appropriate policy meas-
ures at the initial stages of transition.

Likewise, scenario 4 which proposes a shift into alternative cereals, is also of greater 
priority in the Indian context. Apart from the factor requirement efficiencies, addi-
tional perspectives of nutrition, climate, and environment also align with the shift 
to coarse cereals (Davis et al. 2019). The water footprint efficiency presented by the 
alternative cereals was found to be significant with the given shift from Kharif to Rabi 
season for the cereals and is indicative of the shift from monsoon to irrigated farm-
ing practices. Hence, the pressure on the surface and groundwater has increased over 
the years (Kayatz et al. 2019). These developments come from the Green Revolution 
period in India, which resulted in a transition from coarse cereal production into 
primarily Rice–Wheat cropping system over large areas of production. These trans-
formations were then considered of priority, towards achieving food security and 
self-sufficiency.
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Achievement of food security has to be paralleled with nutritional security, which 
India is currently lacking. India is estimated to have 14% of its population under-
nourished, even though it ranks high among the largest producers of agricultural 
output. Several studies have been undertaken towards resolving this nutrition crisis. 
It has been found that even though the calorific value of coarse cereals might be at 
par or lesser than Rice and Wheat, yet they provide the required nutritional diversity 
(DeFries et al. 2018; Puranik et al. 2017). Also, the continuance of resource-intensive 
forms or Rice–Wheat cropping systems for higher yield without undue forbearance 
has also resulted in unsustainable resource and environmental pressures.

Hence, the current study has attempted towards comprehending the effects of such 
interventions which can fit the overall three-pillared objectives set under CSA, while 
originating from on-field experiments.

5  Conclusion and policy recommendations
In this study, we assessed the economy-wide impacts of three different agricultural 
intervention scenarios. The changes in farmer’s practices were considered in the first 
three scenarios, where the economy-wide effects of the adoption of CA (DSR-ZT), SRI-
SWI, and ZBNF were considered. It was seen that while the adoption of the practices 
prescribed by the SRI-SWI movement provided the highest changes across the economy, 
ZBNF has the lowest water and GHG footprint compared to conventional practices. Yet, 
there are associated increased machinery requirements in the case of SRI-SWI and an 
entirely redesigned cropping pattern and outlook to agricultural practices in the case 
of ZBNF. In comparison, even though CA (DSR-ZT) has a lesser economic multiplier 
effect when compared to ZBNF and SRI-SWI, it has lesser labour requirements with 
additional capital investment requirements towards the funding of mechanized inputs 
but is relatively easy to adopt as found in literature when compared to SRI-SWI. SRI5 
being a knowledge-intensive innovation, the requirement of skilled manpower has been 
the major constraint, even after considerable institutional backing and civil society par-
ticipation. Several state governments have made attempts at encouraging crop intensi-
fication on-farm experiments through extension programmes by the state agricultural 
universities and Krishi Vigyan Kendras (KVKs). Also, central institutions such as the 
National Bank For Agriculture And Rural Development (NABARD) have been partner-
ing with NGOs towards the spread of SRI practices in states such as Andhra Pradesh, 
Assam, Bihar, Chhattisgarh, Jharkhand, Maharashtra, and Karnataka. Lastly, while ZBNF 
provides both economic and environmental benefits, the associated tradeoffs are again 
with the period of transition from one practice to the other. There are recommenda-
tions for a shift into alternative cropping patterns to foodgrains such as Maize, Sorghum, 
and millet, since economically they are having the same or enhanced income and output 
effects when compared with Wheat.

Furthermore, the recommendation towards the application of CA beyond the DSR-
ZT scenario is certainly of relevance, when it comes to a shift to alternative cereals such 

5 As Prasad (2006) notes in his book, the evolution of SRI in India can be traced in two parallels; firstly, through develop-
ments in on-station experiments of research and extension departments, primarily in the southern states and secondly, 
in the narrative of SRI as a civil society innovation through activities of civil society organisations and NGOs such as 
PRADAN (Professional Action Development Action Network) and TATA Trusts.
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as Maize, Sorghum, and Millets. A reversion in the trend towards the production of 
these coarse cereals themselves is not only limited to securing the nutritional security 
of the population but also has implications for environmental sustainability which can 
be further enhanced through CA-based cropping systems (Davis et al. 2019). This shall 
ensure retention of the lost trend to coarse cereal production, in the currently Rice–
Wheat dominated cropping patterns of IGP hence, ensuring greater health benefits 
while addressing the climate change aspect. Furthermore, these cereals are to be brought 
under the coverage of the Public Distribution System (PDS) akin to those established for 
Rice and Wheat, to ensure the consumption benefits of these crops are accessible to the 
poorer sections of the society. Hence, a combined shift into CA-based Rice–Maize crop-
ping pattern is quite plausible. Such a transition aligns with the goals of assuring nutri-
tional security while reducing emission and resource consumption levels. Although, 
certainly this shift in production has to be accompanied with a shift in dietary prefer-
ences and the creation of healthier lifestyle choices.

The choice between CA (DSR-ZT), SRI-SWI, and ZBNF is context-specific depending 
on varied factors of adoption. Since these practices have certain core guidelines while 
also being flexible to differing regional factors, effective implementation requires closer 
region-specific research studies. At the central level, the Ministry of Agriculture and 
Farmer’s Welfare has initiated the promotion of natural farming, under the Bharatiya 
Prakritik Krishi Paddhati (BPKP). Yet, a well-integrated approach towards addressing 
the state of natural farming is still lacking, even among the state-led initiatives; since, 
most of the flagship programmes are currently at a small scale, lacking cohesive macro-
level intervention. Furthermore, the extensive certification process is expensive and 
cumbersome for small farmers. Also, the lack of risk coverage and low yield support for 
the farmers during the transition phase from traditional agriculture, pose yet another 
set of challenges toward the widescale adoption of ZBNF practices (Khurana and Kumar 
2020).

Policy support is needed for capacity building and training for CA practices, similar to 
the self-organized pedagogical drive that was witnessed in Karnataka during the incep-
tion phase of ZBNF. An entirely different set of barriers hinders the scalability of CA; 
which demands a particular need to shift from a narrow goal of food security to liveli-
hood security of the farmers, from a policy perspective. Bhan and Behera (2014), suggest 
for a “Lead Farmer Approach” to achieve such an extension. Furthermore, CA systems 
are often quite complex, hence greater linkages within the farming and research com-
munity are required for the effective tailored implementation of CA. In terms of policy 
support, credit and subsidy measures can be considered, along with higher support in 
terms of accessibility to CA equipment and maintenance. The practice of CA in India 
was primarily initiated in a mechanized form but that doesn’t associate strictly with con-
ventional industrialized practices. Hence, greater AE norms are to be envisioned in car-
rying forth due development in the future of CA practices.

The framework of objectives set by the CSA approach has brought forth a resur-
gence in the discussions pertaining to food security in the advent of climate change. 
Yet, the practices that are being introduced under CSA have to be broadened from the 
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three-pronged goals and need to take into account aspects of long-term productivity, 
environmental sustainability, agroecological biodiversity, food sovereignty, and national 
security. This is where the distinctions between the blended differences of SAI and AEI 
are important. Thus, the cohesion between the objectives of CSA and the practices iden-
tified under AE holds relevance towards striking a balance between multidimensional 
aspects of agriculture. Furthermore, an economy-wide framework is certainly of great 
significance in encompassing the linkage effects of varying interventions and their 
effects on various sectors and household groups. But, for future studies, inter-regional 
SAM might be of great use, which is region specific and is considerate of the agroeco-
logical variations.

Appendix 1
Agricultural methane arises majorly from livestock rearing through enteric fermentation 
and through, anaerobic decomposition from water-intensive paddy fields that follow the 
traditional continuous submergence practice of rice cultivation (Heilig 1994; Bhatia et al. 
2012). Nitrous oxide is produced naturally from the microbes present in the soil, but 
with increase in usage of nitrogenous fertilizer application there is an excess for micro-
bial conversion (Reay et al. 2012). The potency of these emissions is calculated in terms 
of  CO2 equivalent  (CO2eq) or global warming potential (GWP), which is an index with 
 CO2 as base that indicates the number of times more warming the other GHGs cause 
over a given time horizon (generally taken to be 100 years); The Global Warming Poten-
tial (GWP) of  CH4 and  N2O are 25 and 298 times higher, than that of  CO2 (Brander and 
Davis 2012).

Appendix 2
Social accounting matrix of India 2017–18

The 2017–18 SAM created by the International Food Policy Research Institute (IFPRI), 
constitutes 112 sectors composed of 39 sectors belonging to agriculture and allied activi-
ties, 18 sectors relating to agriculture-based processing activities, 24 manufacturing sec-
tors, 4 mining sectors, 3 utilities sector, 1 construction sector, and 23 service sectors. The 
factors’ inputs are classified into labor, capital, and land. The labor has been classified 
into rural and urban, with the further division based on education level. Capital has been 
divided into 4 types; crop, live animal, mining, and other financial capital. Household 
has been divided into rural farm households, rural non-farm households, and urban 
households (Pal et al. 2020). The SAM entries show transaction flows among the sectors, 
where the columns indicate the expenditures, while the rows represent the receiving sec-
tors, respectively. Furthermore, among the SAM sectors, the division of sectors is based 
on the activity and commodity of the respective sectors. Additional two sectors were 
split towards introducing interventions in rice and wheat crops.

See Table 8

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 24 of 30Ajatasatru et al. Journal of Economic Structures            (2024) 13:4 

Ta
bl

e 
8 

IF
PR

I S
A

M
 2

01
7–

18
 fr

am
ew

or
k

So
ur

ce
: (

Pa
l e

t a
l. 

20
20

)

A
ct

iv
iti

es
Co

m
m

od
iti

es
Fa

ct
or

s
En

te
rp

ri
se

s
H

ou
se

ho
ld

s
G

ov
er

nm
en

t
Ta

xe
s

In
ve

st
m

en
t

Re
st

 o
f t

he
 

W
or

ld
To

ta
l

A
ct

iv
iti

es
M

ar
ke

te
d 

ou
tp

ut
s

Pr
iv

at
e 

no
n-

m
ar

ke
te

d 
co

ns
um

pt
io

n

A
ct

iv
ity

 in
co

m
e

Co
m

m
od

iti
es

In
te

rm
ed

ia
te

 
de

m
an

d
Tr

an
sa

ct
io

n 
co

st
s

Pr
iv

at
e 

m
ar

-
ke

te
d 

co
ns

um
p-

tio
n

G
ov

er
nm

en
t 

co
ns

um
pt

io
n

G
ro

ss
 c

ap
ita

l 
fo

rm
at

io
n

Ex
po

rt
s

To
ta

l d
em

an
d

Fa
ct

or
s

Va
lu

e-
ad

de
d

Fo
re

ig
n 

tr
an

s-
fe

rs
 to

 fa
ct

or
s

Fa
ct

or
 in

co
m

e

En
te

rp
ris

es
Fa

ct
or

 in
co

m
e 

to
 e

nt
er

pr
is

es
G

ov
er

nm
en

t 
tr

an
sf

er
s 

to
 

en
te

rp
ris

es

Fo
re

ig
n 

tr
an

sf
er

s 
to

 
en

te
rp

ris
es

En
te

rp
ris

e 
in

co
m

e

H
ou

se
ho

ld
s

Fa
ct

or
 in

co
m

e 
to

 h
ou

se
ho

ld
s

En
te

rp
ris

e 
tr

an
sf

er
s 

to
 

ho
us

eh
ol

ds

G
ov

er
nm

en
t 

tr
an

sf
er

s 
to

 
ho

us
eh

ol
ds

Fo
re

ig
n 

tr
an

sf
er

s 
to

 
ho

us
eh

ol
ds

H
ou

se
ho

ld
 

in
co

m
e

Ta
xe

s
Ta

xe
s 

on
 p

ro
-

du
ce

rs
Ta

xe
s 

on
 p

ro
d-

uc
ts

Fa
ct

or
 ta

xe
s

Co
rp

or
at

e 
ta

xe
s

H
ou

se
ho

ld
 

ta
xe

s
Ta

x 
in

co
m

e

G
ov

er
nm

en
t

En
te

rp
ris

e 
tr

an
sf

er
s 

to
 

go
ve

rn
m

en
t

H
ou

se
ho

ld
 

tr
an

sf
er

s 
to

 
go

ve
rn

m
en

t

Ta
x 

re
ve

nu
es

 
pa

id
 to

 g
ov

er
n-

m
en

t

Fo
re

ig
n 

tr
an

s-
fe

rs
 to

 g
ov

er
n-

m
en

t

G
ov

er
nm

en
t 

in
co

m
e

Sa
vi

ng
s

En
te

rp
ris

e 
sa

v-
in

gs
H

ou
se

ho
ld

 
sa

vi
ng

s
G

ov
er

nm
en

t 
sa

vi
ng

s
Fo

re
ig

n 
sa

vi
ng

s
Sa

vi
ng

s

Re
st

 o
f t

he
 

W
or

ld
Im

po
rt

s
Fa

ct
or

 p
ay

-
m

en
ts

 a
br

oa
d

En
te

rp
ris

e 
pa

y-
m

en
ts

 a
br

oa
d

H
ou

se
ho

ld
 p

ay
-

m
en

ts
 a

br
oa

d
G

ov
er

nm
en

t 
pa

ym
en

ts
 

ab
ro

ad

Fo
re

ig
n 

ex
ch

an
ge

 
ou

tfl
ow

To
ta

l
A

ct
iv

ity
 e

xp
en

-
di

tu
re

s
To

ta
l

su
pp

ly
Fa

ct
or

 e
xp

en
di

-
tu

re
s

En
te

rp
ris

e 
ex

pe
nd

itu
re

s
H

ou
se

ho
ld

 
ex

pe
nd

itu
re

s
G

ov
er

nm
en

t
ex

pe
nd

itu
re

s
Ta

x 
pa

ym
en

ts
In

ve
st

m
en

t
Fo

re
ig

n 
ex

ch
an

ge
 

in
flo

w

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 25 of 30Ajatasatru et al. Journal of Economic Structures            (2024) 13:4  

Appendix 3

See Table 9

Abbreviations
ACT   Activity
AE  Agroecology
AI  Agroecological intensification
BCM  Billion cubic meters
CSA  Climate smart agriculture
CA  Conservation agriculture
COM  Commodities
DSR-ZT  Direct seeded rice-zero tillage
FAC  Factor income
GHG  Greenhouse gases
GWP  Global warming potential

Table 9 Backward and Forward linkages of major cereals

Source: Authors’ calculations

The backward linkages presented here are column sums of the technical coefficients Aij, also known as direct backward 
linkages and can be considered as a measure of production dependency of the respective activity sector upon other 
commodities sector as inputs or interindustry supply. Similarly, the forward linkages here are the row sums of the technical 
coefficients Aij, known as direct forward linkages and can be considered as a simple measure of dependency of activity 
sector upon interindustry demand (Miller and Blair 2009)

Maize Sorghum & Millets Rice Wheat

Backward linkages of major cereals

 Maize 0.237 Sorghum & Millets 0.088 Rice 0.066 Wheat 0.053

 Fertilizer 0.047 Petroleum 0.043 Electricity 0.060 Electricity 0.042

 Electricity 0.039 Financial services 0.024 Fertilizer 0.050 Fertilizer 0.038

 Petroleum 0.036 Insurances 0.021 Petroleum 0.036 Petroleum 0.020

 Small ruminants 0.025 Electricity 0.021 Financial services 0.016 Financial services 0.016

 Financial ser-
vices

0.023 Fertilizer 0.020 Insurances 0.014 Other crops 0.015

 Insurances 0.020 Small ruminants 0.011 Construction 0.011 Insurances 0.014

 Other livestocks 0.017 Other livestocks 0.008 Small ruminants 0.010 Construction 0.009

 Cattle 0.010 Construction 0.005 Other livestock 0.007 Small ruminants 0.005

 Construction 0.007 Cattle 0.005 Wheat 0.005 Machinery 0.005

 Machinery 0.001 Machinery 0.001 Machinery 0.005 Other livestock 0.004

Forward linkages of major cereals

 Maize milling 0.261 Sorghum & Millets 
Milling

0.176 Rice Milling 0.931 Eggs 0.283

 Maize 0.237 Sorghum & Millets 0.088 Beverages 0.141 Poultry 0.273

 Beverages 0.034 Beverages 0.010 Rice 0.066 Wheat milling 0.148

 Fertilizer 0.005 Fertilizer 0.001 Public administra-
tion

0.027 Beverages 0.141

 Chemicals 0.004 Chemicals 0.001 Other foods 0.008 Wheat 0.053

 Pharmaceuticals 0.004 Pharmaceuticals 0.001 Grams 0.006 Small Ruminants 0.051

 Public adminis-
tration

0.002 Public administra-
tion

0.001 Flowers 0.005 Cattle 0.051

 Aquaculture 0.002 Aquaculture 0.001 Cocoa 0.005 Public administra-
tion

0.048

 Capture fishes 0.002 Capture fishes 0.001 Irish Potato 0.005 Other livestock 0.047

 Flowers 0.001 Cassava 0.005 Restaurants 0.045
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HHS  Households
KVK  Krishi vigyan kendras
IFPRI  International Food Policy Research Institute
IGP  Indo-gangetic plains
PDS  Public distribution system
RWCS  Rice wheat cropping system
SAM  Social accounting matrix
SWI  System of wheat intensification
SRI  System of rice intensification
SAI  Sustainable agricultural intensification
TRC   Trade and transport margins
ZBNF  Zero budget natural farming
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