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ABSTRACT

Firms are increasingly under pressure to reduce greenhouse gas (GHG) emissions not just
within their operations but across their value chains. However, value chain decarbonization is
typically not a priority for suppliers, and aligning their goals through formal contracts is often
also impractical. This study examines the effectiveness of a firm employing relational strategies
as a way to address this dual challenge. In a research collaboration with a Fortune 500 firm
seeking to reduce GHG emissions in its agricultural supply chain in India, we designed a field
experiment to examine the effectiveness of combining decarbonization training for the firm’s
supplier farmers with personalized agricultural support to boost the economic value that they
derived from their relationship with the firm. Specifically, we examined two interventions that
differed in the nature and extent of this personalized support: a lower investment intervention
that provided personalized support only for the crop the supplier farmers grew specifically for
the firm’s value chain, and a higher investment intervention that additionally provided
personalized support for broader agricultural practices relevant for the other crops the farmers
grew. Relative to a control group that was only exposed to decarbonization training and not
given any personalized support, both interventions improved the farmers’ adoption of the firm-
recommended climate-friendly practices. The higher investment intervention produced greater
environmental impact in terms of emissions reduction per farmer as well as emissions reduction
per dollar invested, while also leading to better business outcomes in terms of expected

retention of farmers in the sourcing program.
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1. INTRODUCTION
Helping address society’s grand challenges often requires firms to coordinate collective action across
stakeholders (George et al. 2016, Lumpkin and Bacq 2019, McGahan 2021). Mitigating climate crisis,
one of the greatest challenges facing humanity (Richardson et al. 2023), is no exception. Firms are
under pressure to reduce greenhouse gas (GHG) emissions that they are responsible for, as business-
related activities are a critical contributor to global warming (Cenci et al. 2023, Dietz et al. 2018).
One source of this pressure is the ongoing or expected tightening of environment-related regulations
directly in response to the climate crisis (Rennert et al. 2022, Rockstrém et al. 2017). An expectation
that firms ought to demonstrate more social responsibility has more generally also been on the rise
for other prominent stakeholders of the firms, including customers (Aghion et al. 2023, Bertini et al.
2022), employees (Bode and Singh 2018, Burbano 2016), communities (Dorobantu and
Odziemkowska 2017, Henisz et al. 2014), and investors (Cheng et al. 2014, Flammer et al. 2021). As
a result, more and more firms are integrating societal priorities into their business strategies (Burbano
et al. 2023), including pledging to specific goals for reducing their GHG emissions and designing
strategic decarbonization programs to achieve them (Lenox and Duff 2021, York et al. 2018).
Meeting societal expectations on decarbonization increasingly requires firms to pursue GHG
emission reduction not only within their operations but across their value chains. However, a large
fraction of the value chain emissions can be beyond a firm’s direct control (Blanco et al. 2016), and
coordinating with and achieving the cooperation of value chain partners like suppliers therefore
becomes very important (Hardy and Sandys 2022, Hsu and Rauber 2021). This challenge is
accentuated by emissions reduction often not being a priority for suppliers, a barrier especially critical
in contexts where relying purely on formal contracts for aligning goals is difficult (Hoskisson et al.
2000, Marquis and Raynard, 2015, Marquis and Qian 2014). In particular, primary producers or small
suppliers struggling with economic survival in emerging economies might understandably have
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is also usually impractical. Nevertheless, as such suppliers often contribute significantly in aggregate
towards a firm’s overall value chain GHG emissions, eliciting their cooperation is critical.

We examine the effectiveness of one potential solution to the challenge of engaging value
chain partners without using contractual solutions: relying on relational strategies (Elfenbein and
Zenger 2014, Gibbons and Henderson 2012, Henisz 2023, Teodorovicz et al. 2023). In their study of
a U.S. logistics company employing a relational strategy to influence driver behavior in a different
context, Blader et al. (2015) summarize a significant literature suggesting that “competitively
significant managerial practices rely for their effectiveness on the performance of actions that cannot
be specified in advance or contractually verified ex post.” Extending this argument to the specific
issue of engaging a firm’s suppliers in its decarbonization strategy in an emerging economy context,
we examine how the extent and nature of a firm’s investments in enhancing the value suppliers
perceive from their relationship with the firm might affect their cooperation with the firm’s value
chain decarbonization efforts. In other words, we empirically investigate whether and how much
extending the firm’s focus beyond just its decarbonization goals to also integrating considerations of
the overall well-being of its suppliers might affect the likelihood of the suppliers adopting the more
climate-friendly production practices the firm would like to move them towards.*

We carry out our research in the context of a firm’s agricultural supply chain in India. The
setting is motivated by the fact that, in the agriculture sector the average land per farming household
in emerging economies is less than five hectares, yet smallholder-dominated regions contribute more
than half of the global production for several major food crops (Samberg et al. 2016). We partnered
with a Fortune 500 firm in the food and beverage industry whose value chain in India involves
sourcing a crop — referred to here as “Crop X — that is critical for the production process of its final

products.? The firm had already been running a strategic sourcing program involving a standardized

1 Our study has parallels to McGahan and Pongeluppe (2023), who examine Natura engaging with its suppliers to make
progress on rainforest preservation in the Amazon. However, our specific context, hypotheses and analysis are distinct,
as we use a field experiment for evaluating effectiveness of two interventions employing relational strategies to try to
get smallholder farmers in a firm’s agricultural value chain in India to adopt more climate-friendly practices.

2 Since our partner firm is one of the few major firms with deep engagement in this specific crop’s supply chain in
India, we do not mention the name of the specific crop in this study in order to protect the firm’s identity.



process of supporting supplier farmers to grow Crop X in line with the firm’s quality requirements.
Given the recent aspiration of the firm to pursue decarbonization, the firm was now keen to
additionally also move the farmers towards certain climate-friendly agricultural practices. The setting
thus provided us a unique opportunity to design and test potential interventions that could elicit
supplier cooperation for implementing a major global firm’s value chain decarbonization strategy.
Our formal research design relies on a field experiment, an approach ideally suited for
econometric estimation of causal effects (Chatterji et al. 2016, Spicer et al. 2021), and increasingly
being employed to examine various impacts specifically of corporate initiatives engaging with
societal issues (Durand and Huysentruyt 2022, Portocarrero and Burbano 2023, Singh et al. 2019).
However, our investigation started with in-depth interviews to first understand the perspective of the
supplier farmers. Our first observation was that the farmers were generally aware of neither the role
of GHG emissions in climate change nor how their activities contributed to such emissions. However,
they did care about localized climate-related issues directly affecting their economic welfare - such
as achieving climate resilience or preserving soil health. A large fraction of the farmers had small
land holdings and came from low-income segments, and their most pressing concerns were their
agricultural productivity and economic well-being. Our interviews revealed considerable barriers to
their adoption of new agricultural practices due to a perception of uncertain returns and a lack of
specific resources required for their implementation. Further, the farmers had significant unmet
agricultural needs that they felt could be better addressed by the firm, notably through personalized
agricultural advice tailored to each farmer’s specific context. In particular, the farmers hoped to get
access to personalized crop-specific support within the firm’s value chain (i.e., for growing Crop X)
as well as personalized agricultural support relevant even for their other crops (i.e., beyond Crop X).
Our field interviews also suggested that employing relational strategies for the firm to boost
the value the supplier farmers derived from working with the firm could be helpful for achieving their
cooperation with the firm’s decarbonization efforts as well. In other words, rather than only providing

farmers knowledge of climate-friendly agricultural practices through training, it could be more



effective to bundle this training with personalized support services that also addressed their unmet
agricultural needs and hence strengthened their relationship with the firm. Provision of personalized
value-chain-specific support (for Crop X) and further addition of broader agricultural support (for all
crops) were two directions that therefore seemed worth testing as relational strategies to employ.

We used insights from our field interviews to design two interventions wherein training in
climate-friendly agricultural practices (the only component of a “base program” we use as a control)
would be bundled with personalized agricultural support that the farmers would find contextually
valuable. These interventions differed in the extent and nature of the personalized support to be
bundled with the base program: (i) Intervention A, which only added personalized crop-specific
advisory services in the form of a free soil-testing service and accompanying support (restricted to
Crop X, and thus still an investment within the firm’s value chain); (ii) Intervention B, which included
everything in Intervention A but also added broader agricultural advisory services provided during a
visit by an expert agronomist covering all crops a farmer grew, thus making it an investment that
extended beyond just the activities the farmer carried out within the firm’s value chain.

Our next step was to design a field experiment to examine the impact of Interventions A and
B relative to the base program. The intervention was carried out for each of the 2,605 supplier farmers
that had signed up for the sourcing program for the upcoming year, but the randomization was carried
out at the level of the village to minimize contamination within a village. Our main analysis relies on
two kinds of primary outcomes: business outcomes and environmental outcomes. The two business
outcomes — the intention of a farmer to continue growing Crop X for the firm the following season
and the extent of land they intended to allocate to Crop X the following season — relate to expected
farmer retention, a key metric tracked by the firm as a leading indicator of feasible scaling up of the
firm’s sourcing program in India. The two environmental outcomes — the extent of tillage of land and
of the extent of inorganic fertilizers used — relate to a farmer’s adoption of the firm-recommended

climate-friendly agricultural practices known to influence the GHG emissions in the value chain.



Our results indicate that Intervention A generated greater impact than the base program for
our primary environmental outcomes but not our primary business outcomes, while Intervention B
generated greater impact than both the base program and Intervention A for both kinds of outcomes.
In terms of the farmers’ intention to continue with the firm next season, Intervention B led to an
8.17% increase over the base program, while the impact of Intervention A was indistinguishable from
that of the base program. For the farmers’ intended land allocation for Crop X in the following season,
Intervention B led to a 38.78% increase over the base program, while the impact of Intervention A
was indistinguishable from that of the base program. Regarding the environmentally harmful practice
of excessive land tillage, Intervention B led to an 8.16% decrease in tillage over the base program,
while Intervention A was indistinguishable from the base program. Finally, in terms of reducing
excessive inorganic fertilizer use, Intervention B led to a 6.75% decrease in the use of inorganic
fertilizer, while Intervention A led to a smaller decrease of 3.20%. Reduced tillage and reduced
inorganic fertilizer use also led to both Intervention A and Intervention B producing significant cost
savings for the farmer, the savings being greater for Intervention B than for Intervention A.

Having established that the intervention with greater investment per farmer in personalized
support that extended beyond the value chain (Intervention B) did have the greatest impact in terms
of associated emissions reduction per farmer, we next analyze the more nuanced question of whether
it was also the best choice in terms of emissions reduction achieved per dollar invested. In a cost-
benefit analysis that accounted for not only the emissions reduction but also the cost entailed,
Intervention B still turns out to be the most cost-effective intervention for meeting the firm’s GHG
emissions reduction goals. In other words, even in terms of environmental impact achieved per dollar,
Intervention B is better than both Intervention A and the base program. Put differently, making
investment in personalization for specific support within the value chain as well as broader support
beyond the value chain is worth the extra cost for eliciting supplier cooperation for decarbonization.

While we expect there to be limits to generalizability of our specific findings, our study is

certainly serves as an illustration that significant investment in a relational strategy to engage value



chain partners in a firm’s decarbonization strategy can be worthwhile. Our paper represents one of
the few large-scale empirical studies (and, to our knowledge, the first field experiment) in
management to examine the impact of a real corporate value chain decarbonization initiative, in line
with calls for scholars studying corporate sustainability to engage more in “business-academic
cooperation in designing and learning from field experiments” (Spicer et al. 2021). Our findings
demonstrate that, even in the absence of formal contracts, meaningful progress towards value chain
decarbonization can be made by investing in relational strategies to boost the value derived by the
value chain partners. Our analysis goes beyond simply estimating the impacts of the experimental
interventions to also carrying out a cost-benefit analysis that quantifies their cost effectiveness. We
hope that this study motivates further research on effective corporate strategies to mitigate negative

environmental externalities, especially by leading collaborative efforts across stakeholders.

2. VALUE CHAIN DECARBONIZATION
2.1. The corporate imperative for value chain decarbonization
It is scientifically established that GHG emissions attributable to human activity are a driver of rise
in the earth’s temperature, thereby increasing the risk of severe climate-related consequences like rise
in sea levels, floods, droughts, and extreme weather events (Intergovernmental Panel on Climate
Change 2022). This has prompted urgent calls for limiting further GHG emissions to contain climate
change, including the Paris Climate Agreement of 2015 urging global action to limit global warming
to under 2° Celsius (and as close to 1.5° as possible) relative to pre-industrial levels. However,
scientists have noted that progress towards reducing global emissions is still not rapid enough
(Rockstrom et al. 2017, Richardson et al. 2023, Wright and Nyberg 2017). Given that business-related
activities are an important source of global emissions (Cenci et al. 2023, Dietz et al. 2018), firms are
increasingly being asked to do more to reduce the GHG emissions they are responsible for.
Businesses have for long faced pressure to address the various negative environmental
externalities related to their value chain activities (Jira and Toffel 2013, Reid and Toffel 2009).

However, in the past, it has been common for firms to circumvent such pressures through strategic



responses like moving pollution-intensive activities to more lenient jurisdictions (Berry et al. 2021,
Li and Zhou 2017), outsourcing such activities to others in their value chain (Alberini and Austin
2002, Barney et al.1992, Becker and Henderson 2000), or shifting them to subsidiary firms in order
to limit their liability (Lee and Bansal 2024, Prechel and Zheng 2012). With increased global
awareness of and sensitivity towards environmental issues, such strategies are becoming less
practical, and firms are having to take responsibility for genuinely addressing the environmental
impacts arising across their entire value chain (Cenci et al. 2023, Fankhauser et al. 2022). Such
pressures have escalated with the diffusion of emission measurement standards like the GHG protocol
(which classifies emissions from a firm’s value chain partners as its “Scope 3 emissions”) and
emission reduction standards like the SBTi (Science Based Target Initiative, which helps firms pursue
science-based “net zero” strategies).> In response, forward-looking firms are increasingly setting
ambitious emission-reduction targets and formulating decarbonization strategies to reduce emissions
both within their boundaries and throughout the value chain (Bjarn et al. 2022, Sautner et al. 2023).

The impact of reducing emissions anywhere in the world is global, providing unique
opportunities for pursuing mitigation wherever it is most cost-effective (Glennerster and
Jayachandran 2023). Large multinational firms are in principle particularly well positioned to help
reduce global GHG emissions, as they can redesign their supply chains to be more climate-friendly,
such as by sourcing more inputs locally rather than importing them (thereby also improving supply
resilience). They also command significant resources and knowledge of low-carbon technologies, and
thanks to their global reach are well positioned to change the behavior of millions of smaller suppliers
worldwide towards more climate-friendly practices (Steenbergen and Saurav 2023). However, these
unique opportunities also come with unique challenges that need to be overcome.

2.2. Achieving value chain decarbonization using a relational strategy

3 The GHG Protocol uses the term “Scope 1 emissions” for direct emissions from a firm’s activities; “Scope 2
emissions” for emissions associated with its acquired electricity, steam, heat or cooling; and “Scope 3 emissions” for
emissions from its value chain partners (https://ghgprotocol.org/). Scope 3 emissions are the hardest to manage and yet
often represent a large majority of a firm’s total emissions (Stenzel and Waichman 2023, Tidy et al. 2016).
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Eliciting cooperation of relevant stakeholders is known to be a key challenge for firms tackling any
societal issue (Bridoux and Stoelhorst 2016, McGahan 2021), and there is no reason to expect that
the issue of decarbonization would be an exception. Decarbonizing the value chain often involves
cooperation of partners like small suppliers or primary producers that are individually not in a position
to prioritize emission mitigation, yet are collectively responsible for a large fraction of the emissions.
Engaging with such partners involves overcoming a dual challenge: their insufficient awareness as
well as prioritization of climate-related issues, and an insufficient alignment of their interests with the
firm’s goals (Koh et al. 2023). These challenges are further aggravated for firms with complex cross-
border value chains that involve numerous varied stakeholders (Verbeke 2021). At the same time, it
is also a unique opportunity: by integrating decarbonization strategy with sustainability strategy on
the social dimension, firms can also have a significant social impact, especially for low-income
segments of the global population (Howard-Grenville et al. 2014, McGahan and Pongeluppe 2023).

Engaging small suppliers, especially those located in emerging economies, requires several
unique considerations. Such suppliers are more likely to lack relevant knowledge and resources to
lead decarbonization initiatives, making it critical to provide them with intensive support for
developing their capabilities (Gatignon and Capron, 2023, McGahan and Pongeluppe 2023). Further,
the trade-off between protecting the environment versus ensuring their economic well-being can be
especially stark for such suppliers, making it important for decarbonization initiatives to also consider
local livelihoods (Jayachandran 2023, Samii et al. 2014). The issue is accentuated by the fact that
contractual solutions are often impractical due to limited legal recourse or enforcement, making it
paramount to find other ways to engage the suppliers (Jack et al. 2022, Jack and Jayachandran 2019).

One potential solution to manage the above challenge is to invest in relational strategies,
which can be especially effective in situations when formal contracts are impractical (Dorobantu et
al. 2017, Marquis and Raynard 2015). Such strategies help overcome limitations in relying only on
formal governance mechanisms to align incentives (Henisz 2023), and may even involve looking

beyond the specific exchange relationship to generate benefits for the partner that extend beyond the



value chain (Lazzarini et al. 2020). One channel through which such strategies operate is by
establishing or deepening the relationship through a focus on joint value creation (Gibbons and
Henderson 2012). A related channel is a commitment-based mechanism involving the development
of a positive view and reciprocity (Fehr and Gachter 2000, Poppo and Zenger 2002, Teodorovicz et
al. 2023). Both economic considerations and social mechanisms can underpin the value derived from
relational strategies (Elfenbein and Zenger, 2014). Consistent with the theory, recent studies have
found that firms do often improve their business outcomes by investing in relational strategies
(Gatignon and Capron 2023, Teodorovicz et al. 2023). Extended to our context, we posit that the
nature and extent of investments made by the firm as part of a relational strategy can offer a potential

solution for firms to effectively engage their suppliers in their value chain decarbonization strategy.

3. RESEARCH CONTEXT AND HYPOTHESES
3.1. Empirical setting: A firm’s agricultural supply chain in India

Our research setting is the agricultural supply chain in India for a Fortune 500 firm in the food
and beverage industry. Before the start of our research collaboration, the firm had already been
running a local sourcing program in India, which involved procurement of crop (“Crop X”) from
independent smallholder farmers. The goal of our research collaboration was to help design and test
potential extensions to this sourcing program to also promote more climate-friendly agricultural
practices among the supplier farmers. Although the impact of climate change is expected to fall
disproportionately on such farmers, their efforts to mitigate their agriculture-related GHG emissions
are generally limited. The first reason is inadequate institutional infrastructure, including insufficient
access to requisite knowledge and tools for this (Cole and Fernando 2021, Jack 2013). A second
reason is that farmers are naturally more concerned about their (typically modest) livelihoods than
climate change, and are worried that adopting unfamiliar practices might even make their lives worse.
The goal of our research was thus to examine how these barriers could be appropriately overcome.

3.2. The firm’s original sourcing program for Crop X



Before going into our proposed interventions, it is useful to describe the original sourcing program in
detail. Cultivating Crop X in line with the stringent quality standards of the firm entailed the farmer
adopting specific seed varieties, land preparation activities and sowing as well as harvest timing. If a
farmer’s produce failed to meet the firm’s quality parameters, the prospect of finding an alternative
buyer and securing a good price was uncertain, which could deter farmers from working with the firm
in the first place or from devoting enough land to Crop X. This risk could not be addressed through
formal contractual means as the limitations of the legal infrastructure, marginal landholdings and
ambiguity in land ownership made this impractical. The firm’s sourcing program tried to overcome
this challenge by investing in ensuring that farmers were both able and willing to grow Crop X at the
desired scale and quality.* Given the firm’s interest in expanding the volume of Crop X sourced in
India, a key performance indicator for the program was therefore farmer retention, i.e., getting farmers
to continue from one year to the next and allocate a significant part of the land to grow Crop X.

The farmers were given access to certified seeds, information on best practices, a digitized
quality check on the crop produced, and informal assurances that the firm would buy Crop X at a
price commensurate with the investment the farmers made to ensure its quality. The program was
implemented through the firm’s field officers, who carried out regular visits to assure the farmers that
growing Crop X for firm was an attractive option. Figure 1 summarizes the organizational structure
of the program, which was implemented in northern India in the states of Haryana and Rajasthan.
Within these states, the firm’s network spanned 16 geographic centers (corresponding to
“Agricultural Produce and Livestock Market Committee” locations as per the nomenclature of the
Indian government). Farmers accessed inputs and sold their produce at the center closest to them,

with the firm’s field officer at each center serving as their main point of contact.

4 The program borrowed elements from past government and development programs seeking to boost farmer productivity
through in-person support, though often with mixed success (Birner and Anderson 2007, Glendenning et al. 2010).
Insufficient institutional capacity, dispersed populations and limited infrastructure had made it hard for such so-called
“extension services” to be delivered in a reliable and timely manner (Glendenning et al. 2010). Another challenge had
been that the knowledge provided was often too generic to address context-specific issues or too technical for the illiterate
or semi-literate farmers to use (Cole and Fernando 2021). Further, the practices had often been tested in controlled
conditions very different from farmers’ actual contexts, introducing uncertainty about the benefits of adoption (Suri 2011).
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[Insert Figure 1 here]
3.3. Insights from pre-experiment field interviews
Before proposing potential extensions to meet the firm’s decarbonization goals, we carried out
interviews to understand how the original program was perceived. This involved 43 semi-structured
interviews with farmers (from 15 villages across seven centers), seven with field officers (from the
same seven centers), and seven with managers (two state-level managers also serving as agronomists,
one R&D manager, and four program managers). The interviews took place in April-May 2022 and
October-November 2022. Each lasted 45-90 minutes and was either in English or a local dialect (with
field staff translating where necessary). Table 1 provides illustrative quotes from the interviews.
[Insert Table 1 here]

In several interviews (e.g., interview [1] in Table 1), the farmers informed us that they found
the regular one-to-one visits of the field officers (usually once a month during the cultivation season)
beneficial for receiving timely information on issues relevant at the different stages of growing Crop
X. The farmers viewed their relationship with the firm as a long-term partnership that was mutually
beneficial, showing particular appreciation for the frequent visits by field staff managing the
engagement (e.g., interviews [2] and [3] in Table 1). However, the interviews also revealed farmer
needs that were not currently addressed by the program.

The first set of unmet needs related to issues unique to a farmer’s context and priorities as
available information was often too generic (e.g., interviews [4] and [5] in Table 1). There was a
latent need for more personalized advisory based on a farmer’s agricultural routines, choice of
fertilizers, and the uniqueness of the soil.> Access to personalized advisory based on a timely and
reliable soil testing service was mentioned several times as a specific service that the farmers would
find particularly useful as an extension to the original program. Although soil-testing services were,

in principle, provided by the government in some locations, they did not always reach farmers in time

5 The importance of considering a farmer’s local context has been previously documented by prior work on adoption
and effectiveness of agricultural technologies and practices (Abdul Latif Jameel Poverty Action Lab (J-PAL) 2023, Suri
2011). In particular, access to scientific tools like soil tests, combined with farmer-friendly information-sharing to help
interpret the results from such tests, has been documented as a particularly impactful service (Cole and Sharma 2017).
11



for them to implement appropriate actions. The information provided in the soil test report was often
too technical to be useful for a large majority of the farmers who were illiterate or semi-literate.

The second set of unaddressed farmer needs related to the firm providing support that would
cover not just Crop X but also other crops a farmer grew, a point that came through in our interviews
with the farmers themselves (e.g., interviews [6] and [7] in Table 1) as well as with the firm’s
employees (e.g., interview [8]). This included the need for more comprehensive advice on agriculture-
related matters, such as weather patterns, crop diseases and pests, and access to inputs like good-
quality seeds, even for crops other than Crop X. Based on their positive experience with the existing
program, the farmers hoped that the firm might also provide access to expert agricultural knowledge
and tools beyond that which its field staff (specialized in Crop X alone) were equipped to provide.

We also asked farmers about their understanding of and attitude towards environmental issues.
They generally had little awareness of global environmental debates like climate change, but were
sensitive to directly relevant local environmental issues — such as soil health, water availability,
weather unpredictability, and new kinds of pests and diseases. They seemed somewhat open to
adopting climate-friendly practices, but only if doing so did not involve compromising their
productivity and economic well-being (e.g., interview [9] in Table 1).

On the whole, our field interviews suggested that farmer adoption of climate-friendly practices
would be easier if the firm strengthened the relationship by extending the original program to include
not just information and training about climate-friendly practices but also more personalized and
context-relevant agricultural services that created immediate economic value for the farmers.®
3.4. Proposed program extensions and formal hypotheses
Subsequent to our field interviews, we started exploring potential ways of extending the original
sourcing program to reduce two kinds of GHG emissions from the farmers’ agricultural activities—

carbon dioxide (CO>) and nitrous oxide (N2O). The simplest way of achieving this was to design a

& Our pre-experiment survey also included some questions beyond those used in the formal analyses in the paper. The
responses to these questions reinforce the findings from our pre-experiment interviews, such as the observation the
farmers appreciated the field officer visits and general advisory but were keen to get more personalized advisory.
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“base program” that involved extending the original sourcing program only in terms of adding
information and training about relevant climate-friendly practices. This base program was intended
to serve as the control condition for our subsequent field experiment design.

Prior research shows that resource-limited, knowledge-poor farmers often carry out sub-
optimal agricultural practices (Cui et al. 2018, Ritchie 2024), including carrying out too much land
tillage (Bhan and Behera, 2014, Erenstein et al. 2008, Rahman et al. 2021) and using too much
inorganic fertilizer (Cole and Sharma 2017, Dar et al. 2023, Duflo et al. 2011, Islam and Beg 2021).
These challenges are especially pronounced among smallholder farmers (Cui et al. 2018), and internal
data from our partner firm confirmed this to be the case also among their supplier farmers. The base
program would therefore involve the field officers providing farmers basic training in climate-
friendly agricultural practices to address these. In line with scientific recommendations from
agronomy (Haddaway et al. 2016, Han et al. 2016, Menegat et al. 2022, Pratibha et al. 2019), this
would involve two levers: reducing tillage of land (i.e., the number of times the farmers turn the soil)
and reducing inorganic fertilizer usage (i.e., cutting farmers’ use of inorganic fertilizers and partly
substituting these with organic fertilizers). Table 2 provides further details on the scientific link
between these firm-recommended practices and GHG emissions reduction.

[Insert Table 2 here]

Based on our field interviews, we expected that the farmers’ cooperation in adopting the firm-
recommended climate-friendly agricultural practices would be enhanced if the firm also invested in
relational strategies that took the farmer’s unmet needs and priorities into account. The next step was
therefore to design two interventions (which we call “Intervention A” and “Intervention B”’) that went
beyond the base program to create more immediate and visible value for the farmers by also
addressing some of these unmet needs. Our field interviews had revealed that one form of support the
farmers were keen to get was personalized advisory for growing Crop X based on a timely and reliable
soil-testing service. Other than the incremental cost of the soil test, adding this service to the program

was not hard; the firm already had ties with external parties who could provide the test, and its field
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officers could personalize their support for a farmer based on the test results for the specific farmer.
This therefore formed the basis of our Intervention A, which included everything in the base program
and added the free soil-testing service and associated personalized advisory related to Crop X.

Our field interviews also suggested an unmet need for personalized agricultural advisory
beyond Crop X. As per the firm’s records, the average land a farmer allocated for Crop X cultivation
was 1.54 hectares, with a large fraction of their overall average land holding of 4.74 hectares being
used for growing other crops. Although the field officers were only qualified to support Crop X, the
firm was open to leveraging the agronomist expertise available internally: it was feasible to provide
limited personalized advisory beyond Crop X in the form of a visit by one of the firm’s agronomists,
who could provide customized guidance based on a farmer’s conditions and priorities. This idea
formed the basis of Intervention B, which included everything in Intervention A plus one visit per
farmer by an expert agronomist. Intervention B thus involved investing beyond the Crop X value
chain, in the hope that this could pay off additionally through greater reciprocity from the farmers.

To summarize, the base program extended the original sourcing program by adding training
around climate-friendly practices. Intervention A further added personalized crop-specific
agricultural advisory services in the form of a free soil-testing service and accompanying advisory
for growing Crop X. Intervention B involved even greater personalization through personalized crop-
specific as well as broader agricultural advisory, which included support beyond Crop X. Our
expectation was that the personalized support in Intervention A or B would enhance the value derived
by the supplier farmers and their reciprocity towards the firm, which in turn would improve their
retention in the program as well as willingness to adopt the recommended climate-friendly practices.
The above arguments underpin our two sets of formal hypotheses that we pre-registered.’

Our first set of hypotheses pertains to a business outcome (“retention”) that captures the

farmers’ inclination to continue to participate in the firm’s program in the future:

7 Our pre-registration can be accessed at https://osf.io/uce82/?view_only=1ec229570692467ca76892470ab85084
(anonymized version). We report our pre-registered analyses and additional post hoc analyses in separate sections to
have a “clear demarcation between preregistered and post hoc results” (Levine et al. 2023).
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Hypothesis 1a. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific advisory (Intervention A), farmer retention in the program will be greater than when

they do not receive this inducement (Base Program).

Hypothesis 2a. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific as well as broader advisory (Intervention B), farmer retention in the program will be

greater than when they do not receive this inducement (Base Program).

Hypothesis 3a. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific as well as broader advisory (Intervention B), farmer retention in the program will be
greater than when the inducement is only in the form of personalized crop-specific advisory

(Intervention A).

Our second set of hypotheses pertains to an environmental outcome (“adoption”) that captures

the farmers’ adoption of the climate-friendly agricultural practices recommended by the firm:

Hypothesis 1b. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific advisory (Intervention A), farmer adoption of the climate-friendly practices will be
greater than when they do not receive this inducement (Base Program).

Hypothesis 2b. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific as well as broader advisory (Intervention B), farmer adoption of the climate-friendly
practices will be greater than when they do not receive this inducement (Base Program).

Hypothesis 3b. When the firm provides inducement to its supplier farmers in the form of personalized
crop-specific as well as broader advisory (Intervention B), farmer adoption of the climate-friendly
practices will be greater than when the inducement is only in the form of personalized crop-specific

advisory (Intervention A).

4. FIELD EXPERIMENT DESIGN AND EXECUTION

4.1. Sample construction, randomization approach and data collection
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Our sample consists of the 2,605 supplier farmers who signed up for the Crop X sourcing program
for the 2022-2023 season. Following prior field experiments related to the adoption of agricultural
practices among farmers in emerging economies (Barrett et al. 2018, Cole and Fernando 2021), we
carried out randomization at the village level 2 Given that each of the 362 villages our sample farmers
lived in belongs to one of 16 centers (see Figure 1), we adopted a stratified randomization strategy
wherein the villages within each center were divided roughly equally into three groups. As depicted
in Figure 2, this led to 127 villages being assigned to the base program, 120 to Intervention A, and
115 to Intervention B. Figure 3a depicts the 16 centers on a map, and Figure 3b provides a detailed
distribution of the 362 villages across the 16 centers and across our three experimental conditions.
[Insert Figures 2, 3a and 3b here]

Our field experiment was implemented from December 2022 to April 2023. We also had
access to proprietary data on farmer characteristics, their activity records and their transactions with
the firm. We merged these data with village-level socio-economic indicators (Asher et al. 2021) as
well as two rounds of in-person survey data: baseline data collected pre-experiment (November-
December 2022) and endline data collected post-experiment (July-August 2023). To ensure high
response rate and mitigate concerns about desirability bias driving our results, our endline survey was
administered one-on-one by a third party that made no reference to our interventions and framed it as
a data collection exercise just to understand the farmers’ experience in working with the firm.

4.2. Variable definition

To help test Hypotheses 1a, 2a and 3a, we define two business-related outcome variables that capture
information related to the farmer’s intended retention in the firm’s program. The first is Continuation,
a binary indicator of the farmer’s intention to continue next year (coded as 1 if the farmer intended to
stay in the program, and 0 otherwise). The second is Land allocated, the farmer’s land allocation for

Crop X for the following year’s program (measured in hectares and set to O if the farmer did not

8 It seemed impractical to carry out different interventions for farmers in the same village. Even if this were doable,
there was a significant risk of spillovers as farmers in a village generally knew each other and were often in touch.
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intend to continue). Unlike Continuation, which is only measured post-experiment, Land allocated is
also measured for the current year.

To help test Hypotheses 1b, 2b and 3b, we define two environment-related outcome variables
that capture a farmer’s adoption of the climate-friendly practices the firm recommends (see Table 2).
The first is Tillage, which measures the extent of soil turning practiced by the farmer (a count
variable). The second is Inorganic fertilizer, which measures the intensity of inorganic fertilizer by
taking the average of the two kinds of inorganic fertilizers -DAP and urea— that the farmers in this
setting used per unit of land (in kilograms per hectare).® Both Tillage and Inorganic fertilizer were
measured pre-experiment as well as post-experiment using in-person farmer surveys.

Given the random assignment, it is not critical for us to consider control variables.
Nevertheless, to improve estimation efficiency we employ village-level and farmer-level controls in
our regression analysis. Table 3a details our village-level controls: Total population, Village area,
Literacy rate, Rural poverty rate, Agriculture main income, Daily hours power and Night light. Table
3b does the same for our farmer-level controls: Age, Household size, No formal education, Only
primary education, Land area, Land ownership and Agriculture primary source of income.
4.3. Summary statistics and balance check
As Table 3a shows, the average village in our sample has 3,064 people, 844 hectares of land, a literacy
rate of 63%, a poverty rate of 18%, agriculture as the main source of income 44% of residents rely
on, and access to electricity not all day but about 18 hours per day. The summary statistics provided
in Table 3b yield further insight into the farmer population: average farmer age is 42, 19% have
primary education or less, they work on 4.74 hectares of land on average, 84% own the land, and 88%
rely on agriculture as their primary source of income. Their average household size is seven people.

[Insert Tables 3a and 3b here]
As our unit of randomization is the village, the balance check is also required at the village

level. Comparing averages of the village-level characteristics for the experimental groups (Table 3a)

® Table 4c provides more fine-grained and nuanced analysis regarding usage of the different inorganic fertilizers. As the
notes accompanying Table 4c explain in detail, our main insights remain unchanged.
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suggests that the samples are quite balanced. As a more formal statistical test we also carried out
pairwise t-tests for each of the variables for Intervention A and B relative to the base program. The
equality of means could not be rejected in any of the cases at conventional levels (p=0.05), indicating
once more that our sample was well balanced and that our randomization had worked as expected.
5. ANALYSIS OF THE PRIMARY OUTCOMES

5.1 Univariate analysis

As the simplest way of testing our pre-registered hypotheses, we start with a comparison of the post-
experiment means for our four primary outcomes - Continuation, Land allocated, Tillage and
Inorganic fertilizer - across our experimental groups. We then carry out a difference-in-differences
calculation for the last three of these outcomes, as pre-experiment values are also defined for these.

As panel (i) in Figure 4a shows, the post-experiment mean for Continuation is not
meaningfully different from zero for Intervention A (p=0.68), while that for Intervention B is 6.87
percent points greater than for the base program (8.17% increase; p=0.00). As panel (ii) similarly
shows, the post-experiment mean for Land allocated for Treatment A is again not meaningfully
different from that for the base program (p=0.98), while that for Intervention B is 0.57 hectares greater
than that for the base program (38.78% increase; p=0.00). For both Continuation and Land Allocated,
direct comparisons confirm that Intervention B has stronger impact than Intervention A (p=0.00).

[Insert Figure 4a here]

Turning to the environmental outcomes, as panel (i) in Figure 4b shows, the post-experiment
mean for Tillage for Treatment A is statistically indistinguishable from that for the base program
(p=0.28), while that for Intervention B is 0.36 less than for the base program (8.16% decrease;
p=0.00). Panel (ii) shows that the post-experiment mean for Inorganic fertilizer for Treatment A is
4.16 kgs/hectare less than that for the base program (3.20% decrease; p=0.00), while that of
Intervention B is 8.77 kgs/hectare less than that for the base program (6.75% decrease; p=0.00). For
both Tillage and Inorganic fertilizer, direct comparisons further confirm that Intervention B has a

stronger impact than Intervention A (p=0.00).
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[Insert Figure 4b here]

As an alternative way of testing our hypotheses, Table 4a provides difference-in-differences
(DID) calculations where feasible. The DID statistic for Land allocated for Intervention A is
indistinguishable from zero (p=0.77), while that for Intervention B is 0.46 hectares (30.67% increase
over the base program pre-experiment; p=0.00). The DID statistic for Tillage is -0.09 (2.02%
decrease; p=0.00) for Intervention A, and -0.39 (8.76% decrease; p=0.00) for Intervention B. Finally,
the DID statistic for Inorganic fertilizer is -3.67 kgs/hectare (2.73% decrease; p=0.00) for
Intervention A, and -7.97 kgs/hectare (5.94% decrease; p=0.00) for Intervention B.

[Insert Table 4a here]

To summarize, for Intervention B there is an unambiguous treatment effect for all four primary
outcomes. In contrast, for Intervention A we find some (but weaker) treatment effect for the
environmental outcomes but no treatment effect for the business outcomes. Direct comparisons
confirm that Intervention B has a greater impact than Intervention A for all four outcomes. For the
business outcomes we therefore have strong support for Hypothesis 2a and 3a, but not for Hypothesis
la. For the environmental outcomes, we have strong support for Hypothesis 2b and 3b, but mixed
support for Hypothesis 1b. We now turn to multivariate regressions to further validate these findings.
5.2. Multivariate regression analysis
Although our randomization was carried out at the level of the village, we carry out our regression
analysis at the level of the farmer to fully use all available data (Angrist and Pischke 2009). In doing
so, we employ village-level clustering to calculate standard errors in line with the established
econometric practice of clustering the standard errors at the level at which the randomized treatment
takes place (Abadie et al. 2023, Bertrand et al. 2004, Cameron and Miller 2015, Roth et al. 2023).

We use two linear models to evaluate the business as well as environmental impacts of our

interventions. The first is a cross-sectional specification comparing only the post-experiment levels
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of a given outcome across conditions, an econometrically valid approach given our randomized
design (Glennerster and Takavarasha 2013, Mian and Sufi 2014).%° The estimation equation is thus:
Yoi=a+ BaAy+ Bg By + vXy; + W, + Teenterew) + &vsi (D

where v indexes the village, i indexes the farmer within the village, Y represents any of our four
outcome variables, A and B are indicators for Intervention A and Intervention B (zero for the base
program, the control group), X represents farmer-level controls (as in Table 3b), W represents village-
level controls (as in Table 3a), t captures center fixed effects (corresponding to the center the village
v belongs to) and ¢ is the error term. The two treatment effects of interest are Sa and fe.

Our second model also includes pre-experiment information to employ a DID approach.
Given that we have only two time periods (pre and post), this can be implemented as a cross-sectional
model where the dependent variable is the change in outcome between the pre-experiment and post-
experiment periods (Angrist and Pischke 2009, Card 1992).1! Our second estimation equation is thus:

AYy i =a+ Ba Ay + Bp By + vXyi + W + Teenterey + &0 (1)

where AY represents the difference between post-experiment and pre-experiment values for a given
outcome variable. The coefficients fa and g are now to be interpreted as DID estimates.

Recall that one of our four outcome variables, Continuation, is not defined pre-experiment.
Table 4b therefore reports regression estimates for all of our primary outcomes using equation (I) but
only the remaining three using equation (I1). For brevity in the text, we discuss in detail here the
findings and interpretation for only the preferred model for each of the outcomes, which is equation
() for Continuation and equation (I1) for Land Allocated, Tillage, and Inorganic Fertilizer. As Table
4b shows, the main insights are unchanged even if we use equation (1) for the last three outcomes.

In column (1), which uses estimation equation (I) for Continuation (our first business
outcome), the estimated treatment effect for Intervention A is statistically indistinguishable from zero

(p=0.68). The corresponding coefficient for Intervention B is 0.068 (p=0.01), implying that 6.84%

10 A recent application of this estimation approach in the management literature is Dimitriades and Koning (2022).
11 See Boulogne et al. (2023) and Flammer and loannou (2021) for recent applications of this approach.
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more farmers were interested to continue next season after Intervention B relative to those after the
base program. A statistical comparison between the coefficient estimates for Interventions A and
Intervention B rejects their equality (p=0.00).

In column (4), which uses estimation equation (1) for Land allocated (our second business
outcome), the estimated treatment effect for Intervention A is statistically indistinguishable from zero
(p=0.45). The corresponding estimate for Intervention B is 0.484 hectares (p=0.00), implying that the
farmers in Intervention B planned to allocate 0.484 hectares more land to grow Crop X for the firm
next season relative to those in the base program. A statistical comparison between the coefficient
estimates for Intervention A and Intervention B once more rejects their equality (p=0.00).

In column (6), which uses estimation equation (Il) for Tillage (our first environmental
outcome), the estimated treatment effect for Intervention A is -0.108 (p=0.01), while that for
Intervention B is -0.403 (p=0.00). This implies that the farmers in Intervention A reduced their tillage
count by 0.108 and those in Intervention B reduced their tillage count by 0.403, both relative to those
in the base program. A statistical comparison between the coefficient estimates of Intervention A and
Intervention B again rejects their equality (p=0.00).

Finally, in column (8), which uses estimation equation (1) for Inorganic fertilizer (our second
environmental outcome), the estimated treatment effect for Intervention A is -2.794 kgs/hectare
(p=0.01), while that for Intervention B is -8.158 kgs/hectare (p=0.00). This implies that farmers in
Intervention A reduced inorganic fertilizer usage by 2.794 kgs/hectare, and those in Intervention B
by 8.158 kgs/hectare relative to farmers in the base program.*? A statistical comparison between the
coefficient estimates for Intervention A and Intervention B once more rejects their equality (p=0.00).

[Insert Table 4b here]
Overall, the findings from our multivariate regression are very similar to those from our

univariate analysis, except that Hypothesis 1b now also has unambiguous support. In line with our

12 Table 4c reports further analysis related to how the overall reduction in inorganic fertilizer use arises through a
combination of a more efficient use of both kinds of inorganic fertilizers (DAP and urea) based on the specific soil
needs for each farmer and a partial substitution of some inorganic fertilizer use by organic fertilizers that are also better
for long-term soil health (as explained in Table 2).
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expectations, the null hypothesis is rejected (in the respective preferred models) for Hypotheses 2a,
3a, 1b, 2b and 3b, but cannot be rejected (in any of the models) for Hypothesis 1a. In other words, for
Intervention A we find a treatment effect in line with our hypotheses only for (both of) our
environmental outcomes, but not for (either of) our business outcomes. In contrast, for Intervention
B we observe a strong treatment effect for (both) business outcomes as well as (both) environmental
outcomes, and all of these estimated effects are greater for Intervention B than for Intervention A.
5.3. Indicative cost-benefit analysis

We now extend our analysis of relative impacts across interventions to also compare their cost
effectiveness through an indicative cost-benefit analysis. Although we build upon the best practices
in doing such analyses and on the scientific recommendations from the relevant literature, we are still
cautious in calling our analysis “indicative” because we cannot rule out a possibility that a more in-
depth and comprehensive cost-benefit analysis could lead to a revision of some of our estimates.

On the cost side, as reported in Table 5a, the firm’s main incremental cost for Intervention A
relative to the base program is the 700 INR (USD 8.43) it pays for the soil testing service per farmer.*3
Since the personalized support based on the soil test results is provided through the field officer visits
that would occur anyway, there is no incremental cost associated with this additional support.
However, in Intervention B, the firm does incur the additional cost of expert agronomist visits
(conducted only in Intervention B), amounting to a further cost per farmer of 600 INR (USD 7.23)
and hence a total incremental cost per farmer of 1,300 INR (USD 15.67).1

In terms of environmental benefits, emissions reductions in both Intervention A and
Intervention B arise from reduced use of inorganic fertilizers (DAP and urea) and reduced diesel use
due to reduced tillage. As per the calculations presented in Table 5a, the treatment effects reported in

Tables 4b and 4c imply that for Intervention A the incremental emission reduction is 17.78 CO»-

13 “INR” is a short form for “Indian Rupees”. Whenever useful for interpretation, we also provide the corresponding US
Dollar (“USD”) figures based on the December 2023 exchange rate of approximately 83 INR/USD.
14 Agronomists have multiple duties and often also travel to the field for reasons unrelated to our interventions. The cost
calculation for their cost is therefore sensitive to how the costs are allocated, which in turn varies with the opportunity
cost of time and travel plans for a given agronomist. Our calculations should therefore be taken as approximate.
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equivalent kgs for the average farmer, which represents a reduction of 2.11 kgs per incremental dollar
spent on Intervention A (over and above the activities also in the base program). For Intervention B,
the corresponding estimate is 60.17 CO»-equivalent kgs for the average farmer, i.e., a reduction of
3.84 COz-equivalent kgs per incremental dollar spent on Intervention B. Putting together these
calculations for the emissions reduction realized per farmer and the previous numbers for the cost per
farmer, Intervention A costs about USD 474 per ton of CO.-equivalent emissions (henceforth referred
to as tCO,) reduced, while Intervention B costs about USD 260 per tCO> reduced. *°
[Insert Table 5a here]

It is worth noting that the estimated cost of USD 260 per tCO2 emissions reduction using
Intervention B is within the range of social cost of carbon suggested in many scientific studies (though
the cost figures currently in use by policy makers generally lag behind scientific recommendations).
For example, Rennert et al. (2022) suggest a preferred estimate of USD 185 per tCO3, with a 5% to
95% range of USD 44 to USD 413 per tCO2 (depending in part on the discount rate used).
Importantly, emissions reductions achieved within a firm’s value chain are considered more credible
and count towards SBTi-backed science-based “net zero” targets, unlike the case of the firm simply
choosing to buy cheaper voluntary carbon offsets externally (Science Based Targets Initiative 2023).

Recall that, as per our intervention design, the cooperation of supplier farmers for achieving
emissions reduction under Intervention A and Intervention B was expected to come from benefits
farmers receive from the program. While we do not measure the full benefits farmers perceive directly
(though we discuss indirect ways of verifying such benefits in the next section), our regression
estimates do allow us to compute a part of these benefits accruing to the farmers specifically as
incremental cost savings generated by Intervention A or Intervention B. These cost savings are the
result of reduced usage of inorganic fertilizers (DAP and urea) and reduced diesel usage due to less

land tillage. As detailed calculations in Table 5b show, these incremental savings add up to 403 INR

15We have not included emissions from the increased use of organic fertilizer because the organic waste from livestock
in our context would have been produced as a by-product of farmer’s existing activities and lead to emissions anyway. In
fact, partial substitution of inorganic fertilizer by organic fertilizer where sufficient organic waste is already available for
recycling is a recommended way of mitigating net emissions (Menegat et al. 2022, Igbal et al. 2020).

23



(USD 4.85) per farmer for Intervention A, and to 1,354 INR (USD 16.31) per farmer for Intervention
B (relative to the base program). These figures do not include the further cost saving of 700 INR
(USD 8.43) for any farmer who would have otherwise procured the soil testing service privately if it
were not being provided for free by the firm under Intervention A or Intervention B.

[Insert Table 5b here]

To summarize, both Intervention A and Intervention B lead to reduced emissions relative to
the base program, with Intervention B being more cost-effective than Intervention A in terms of the
emissions reduction per incremental dollar invested. Both interventions also lead to significant social
impact in terms of the cost savings realized by the farmer, with Intervention B also being superior in
terms of the cost savings per farmer. '° Finally, the overall “business case” for choosing Intervention
B over Intervention A appears to be further strengthened by bringing into consideration our previous
finding that Intervention B is also better than Intervention A for farmer retention.
6. FURTHER ANALYSIS OF UNDERLYING MECHANISMS
To generate further insight into the above findings, we carry out two additional investigations. The
first involves post-experiment field interviews to understand the farmers’ direct experience. The
second analyzes additional outcomes to shed further light on the impacts and underlying mechanisms.
6.1. Insights from post-experiment field interviews
In order to better understand how our interventions were perceived by the farmers, we conducted 40
semi-structured interviews with the participating farmers after the experiment. Each interview lasted
about 30-45 minutes, and Table 6 provides illustrative quotes from some of these interviews.

[Insert Table 6 here]
Several farmers confirmed that the interventions had led them to reduce the use of inorganic

fertilizer, and in the process helped them reduce costs (e.g., interviews [1] and [2] in Table 6). Some

16 There can be several other aspects of the social impact achieved per farmer besides the cost savings quantified here.
These include the value of the time savings from reduced tillage (Intervention A and B), the productivity benefits from
the soil test and the personalized advisory accompanying it (Intervention A and B), and the productivity benefits from
the additional personalized agronomist advice (Intervention B). In addition, optimizing fertilizer use also helps improve
the soil organic carbon content and enhances soil fertility (O’Brien and Hatfield 2019, Han et al. 2016, Liu et al. 2020).
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also noted that the nature of support provided in the interventions had improved their knowledge of
soil nutrients (e.g., interview [2], [6] and [7] in Table 6), and helped them practice appropriate tillage
and optimum fertilizer usage. Some farmers, especially those in Intervention B, also noted a resulting
improvement in their knowledge of climate-friendly as well as general practices, including detailed
understanding of soil nutrient management, the implication of these practices for the long-term health
of the soil, and appropriate methods for application of different kinds of fertilizers that influenced
their adoption of climate-friendly practices (e.g., interviews [6] and [7] in Table 6).

Many interviewees specifically mentioned their relationship with the firm as being valuable
and sometimes even the reason to be more open to adopting the recommended climate-friendly
practices (e.g., interviews [3], [4] and [6] in Table 6). Such perceptions of relational engagement came
through particularly strongly in several interviews with farmers in Intervention B: farmers expressed
the increased trust in the firm due to the firm’s efforts and investments to build a long-term
relationship as well as the firm’s willingness to even look beyond its immediate value chain and help
farmers on broader matters relevant to their well-being (e.g., interviews [5], [7] and [8] in Table 6).

To summarize, our interviews suggest that the farmers’ increased intention to continue in the
program as well as to adopt climate-friendly practices were indeed likely driven by a combination of
the greater value derived from the firm’s support and the sense of reciprocity triggered by the firm
investing in them. Overall, the firm’s investments in relational strategies by providing personalized
support seemed to have led to stronger engagement from the farmers, an effect that came through
more strongly for Intervention B than for Intervention A even during our field interviews.

6.2. Analysis of additional outcome variables

We now statistically examine a range of additional outcomes (not pre-registered) to dig further into
the possible mechanisms underlying the findings for our primary outcomes. Table 7 presents a
comparison across our experimental groups for these outcomes, which capture different aspects of
the farmers’ relational engagement and perceptions of value derived from the program.

[Insert Table 7 here]
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The analyses reported in columns (1) through (4) of Table 7 employ additional outcome
variables, all derived from more endline survey questions based on a seven-point Likert scale. As per
column (1), the treatment effect for Willingness to adopt recommended practices (relative to the base
program) is 0.396 for Intervention A (p=0.00) and 1.897 for Intervention B (p=0.00). As per column
(2), the treatment effect for Perception of firm investment in relationship is 0.740 for Intervention A
(p=0.00) and 1.985 for Intervention B (p=0.00). As per column (3), the treatment effect for a farmer’s
Satisfaction with the program is 0.717 for Intervention A (p=0.00) and 2.168 for Intervention B
(p=0.00). Finally, as per column (4), the treatment effect for the variable Would recommend program
to others is 0.628 for Intervention A (p=0.00) and 1.726 for Intervention B (p=0.00).

Column (5) of Table 7 reports findings for Reasonable hypothetical annual fees, measured
using an endline survey question that asked farmers to select from one of five possible monetary
amounts that they would consider reasonable in a hypothetical scenario where the firm were charging
the farmers a small annual fees for membership in the firm’s program (the five choices being 50 INR,
100 INR, 150 INR, 200 INR and 250 INR per annum). The survey question made clear that the firm
had no intention to introduce any such fees in reality, and that the intention behind the question was
simply to shed further light on how useful the farmers found the program. The estimated treatment
effect is 34 INR/annum (p=0.00) for Intervention A and 87 INR/annum (p=0.00) for Intervention B.
This finding is consistent with our results so far that the farmers found the interventions useful, and
that they saw Intervention B as delivering significantly more value for them than Intervention A did.

Extending beyond our endline survey data, column (6) of Table 7 presents analysis for the
outcome Sold Crop X to other buyers derived from data that the firm directly collects at the
procurement centers. This is an indicator for whether a given farmer sold Crop X also to other buyers
or exclusively to the firm, providing us with an independent measure of their relational engagement
with the firm. Our regression estimates indicate that, relative to the base program, the fraction of
farmers who sold to other buyers is practically indistinguishable in Intervention A (p=0.61). In

contrast, the fraction of farmers selling to other buyers did drop by four percent points for Intervention
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B (p=0.08). In terms of economic magnitude, this four percent points drop represents a 35% decrease
relative to the same fraction for the base program, where 11.6% of the farmers sold to other sellers.
To summarize, the analyses for all our additional outcome variables as reported in Table 7 are
consistent with a view that the supplier farmers demonstrated greater relational engagement with the
firm and saw greater value in the relationship in Intervention A and Intervention B relative to the base
program, with these effects being consistently larger for Intervention B than for Intervention A.
7. SUMMARY, LIMITATIONS AND DISCUSSION
Pursuing value chain decarbonization requires the cooperation of diverse stakeholders, and achieving
this through purely contractual means is often impractical. One solution is to make relational
investments to boost the partners’ willingness to participate. To test the effectiveness of this approach,
we designed a field experiment involving a firm procuring a crop from supplier farmers in India. Our
base program provided basic training in climate-friendly agricultural practices, while two other
interventions also added personalized agricultural support - one only within the firm’s value chain
(Intervention A) and the other also beyond it (Intervention B) - as a way to strengthen the firm’s
relationship with the farmers. Both interventions lead to reduced emissions relative to the base
program, with Intervention B being more impactful in terms of reducing not only absolute emissions
but also emissions per dollar invested. Both interventions also lead to significant cost savings being
realized by the farmer, with Intervention B providing more cost savings for the farmer than
Intervention A did. Intervention B also improved farmer’s likely retention in the firm’s program.
Relying on a field experiment in the context of a real decarbonization initiative makes our
study both rigorous and relevant. However, caution needs to be exercised in interpreting the findings,
especially regarding generalizability beyond the specific setting. For example, although we find that
our Intervention B that involved greater investment to meet the supplier farmers’ needs even beyond
the firm’s value chain had greater environmental impact per dollar than our Intervention A that
involved a lower investment and just within the value chain, this should not be interpreted as general

“more is always better” result. There is likely a threshold beyond which further investment is not as
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cost effective per dollar. We can also not rule out the possibility that an entirely different kind of
investment we did not investigate might have yielded even better environmental impact per dollar.

We should also note three additional limitations of our study, which can provide ideas for
follow-up research. First, in line with prior field experiments involving similar contexts (e.g., in
development economics), we had to rely in part on survey-based data collection. While biases due to
the resulting measurement errors are likely reduced by our randomized design, such self-reported
survey data have limitations. Second, while we would have liked to measure the various impacts also
in the longer term (e.g., actual farmer retention rather than their stated intention to stay), further data
collection for our farmer sample was made infeasible by certain changes in how the program was to
be implemented in the following year. Third, given the scope of our research question and study
design, we have only considered impact on supplier farmers already in the firm’s sourcing program;
an interesting extension could be to examine spillovers to other farmers not in the original program.

Despite the above limitations, we hope our work inspires further research related to
decarbonization in the context of emerging economies, where issues pertaining to social and
environmental impact are often intertwined. While a majority of past GHG emissions have come from
the more developed economies, growth in emissions is coming largely from emerging economies —
with China and India already comprising 21% of the global GHG emissions as of 2022 (Ritchie et al.
2023). Our research provides an in-depth illustration of why mitigating emerging economy emissions
often requires an understanding of and sensitivity to their contextual uniqueness.

More broadly, our study can be seen as an empirical contribution to the literature on the “new
stakeholder theory” that “relies primarily on economic and legal arguments that stakeholders will
sustain their connection to an organization only if they expect and ultimately receive appropriate
returns on their contributions” (McGahan 2021, p. 1735). In line with the calls in this literature, we
have focused on stakeholder prominence in the firm’s value creation and distribution processes
(Barney 2018, Garcia-Castro and Aguilera 2015, Jones et al. 2018), and on socially important

dependent variables beyond financial performance (McGahan 2023). Firm-driven efforts can play a
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pivotal role in addressing collective action problems, sometimes driving effective action even when
government policy or public institutions do not (Gatignon and Capron 2023, Luo and Kaul 2019).
We hope our study motivates further work on decentralized experimentation and efforts by firms with
a genuine aspiration — as well as relevant expertise — to contribute to solving major societal issues.
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Table 1: Hlustrative quotes from pre-experiment field interviews

The farmers’ experience with the firm’s original program

[1]

“When <Field Officer> first visited and checked my field and told me I should water my <Crop X> only certain
fixed times during the season, | did not believe him...But I listened to his advice over the years because he has
studied these matters, plus he was traveling this distance to visit and inspect my field 4-5 times during the season
and only then give advice. That has saved me so much water, not to mention better yield and quality over the
years now.” (Farmer #10)

[2]

“I had grown <Crop X> a few times before but did not get good yield, also when | sold at the mandi (center)
buyers never worried much about quality. Prices were not great as it was volume selling. But since | became a
[program] member | got guidance on when to sow, how to prepare land, how much seed to use, when to water,
even right time to harvest and especially advice on pest problems on time at critical <Crop X> growing stage,
when <Field Officer> comes and visits...Now the yield and quality of <Crop X> has improved a lot...Last year
another company offered to buy my <Crop X> because of good quality but I did not sell to them, I sold to the
<Firm> because it was their advice that helped me and they gave good price too.” (Farmer #05)

[3]

“The company cannot benefit unless we farmers benefit - it’s a relationship where we walk together. The
company is good at understanding this so helps its member farmers to grow better <Crop X> and also keep
costs low by using less seeds, water...The advice they give is useful...sometimes I ask <Field Officer> to
check my other crops in the neighboring fields when he comes for visit but his focus is the <Crop X>...Some
companies these days offer advice on phones but how will they know what my agricultural problems are
unless I have shown them on my field.” (Farmer #17)

The farmer’s needs unmet by the firm’s original program

[4]

“Agriculture takes many years of experience to get it right. I have been doing this for more than 45 years and
still learn new things sometimes...Every field is different, my farm is different from my neighbor’s and from
my brother’s — nature of soil is different, water level is different... Agricultural advice is only useful if you tell
things specific to my field and soil conditions. Otherwise, the government also gives lots of common advice,
sometimes on radio and sometimes in village meetings...What is true in textbooks does not work in the field;
unless you visit my field, see and touch my crops, check my soil, then that advice is useful for me. Otherwise,
it’s just a friendly chat over a cup of tea but no good for agricultural activities.” (Farmer #06)

[5]

“The government extension officer took my soil sample last year, but I never got a report back telling me what
they found. It [the service] was no good...it would only help if someone can bring the report and explain to me
what | should do, what does my soil need, to produce good crops...I studied only till class 5. When I was born
it was usual for farmer to start helping on farms and not waste time in school. I have seen a relative’s soil test
report, but we don’t understand how to use it.” (Farmer #03)

[6]

“Last few years it’s not been easy to be a farmer — the weather changes suddenly often bringing rains when it’s
bad for crops. Last year my neighbor lost one entire crop because of badly timed rain. And pests are a big issue.
These days we see new types of pests on crops, and we don’t always know what to do...I learnt farming from
my father and he from his. But they had not seen these problems then.” (Farmer #02)

[7]

“New things are always coming up — new tools, new farming techniques, and the seasons are unpredictable but
worst of all new pests and insects keep coming...So agricultural advice is useful especially as I don’t meet the
government’s district extension officer many times in a year...In the past the <Firm> once brought
knowledgeable doctors [agronomy experts] from <Agricultural Institution> who visited my village, came to my
field and told me many useful things about how to do better agriculture...he was not trying to sell me anything
so I trust his advice...I showed him all my growing crops and he checked the growth and recommended good
fertilizer practice that would work for my farm and the crops I was growing...getting good knowledge on all
my crops from somewhere trustworthy is important for the advice to be useful.” (Farmer #14)

[8]

“When my field officers conduct field visits, farmers often request them to look at their other crops growing at
the same time as <Crop X> on their other plots. But our field officers are not trained with knowledge of wide
range of crops beyond <Crop X> matters as knowing about multiple other crops requires significant training,
knowledge and experience. We are careful to not give farmers wrong advice, so we ask field officers not to
discuss matters beyond the <Crop X>...On many occasions they have asked the field officers either for advice
or requested them to ask the firm to provide advisory on other crops. We know and understand that farmers lack
systematic access to scientific practices, newer agricultural technologies and need more support to increase their
productivity without damaging their soil in the long term.” (Regional manager #1)

The farmers’ attitude towards adoption of climate-friendly practices

[9]

“One must always respect the environment, but I have to sustain myself too...It is always good for me to know
good practices that don’t harm the environment, but you must first explain how it relates to my land and soil...
I must think about the effects and how it will affect my income today or tomorrow...Farming is my primary
family income so | can’t change everything overnight and suffer large productivity loss...first <Firm> must
check and advise how it will affect my land and crops.” (Farmer #04)
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Table 2. Linkage between decarbonization practices and GHG emissions reduction

Firm-recommended practice

1. Reducing land tillage

2. Reducing inorganic fertilizer use

Link to GHG emissions reduction

Tillage refers to turning over of the soil to prepare it for crop cultivation, and
is measured as the number of times that a farmer ploughs a given plot of land.
In the absence of awareness and prioritization of its impacts on the
environment as well as on their own soil health, farmers tend to do too much
tillage relative to what is appropriate (Bhan and Behera, 2014, Erenstein et al.
2008, Rahman et al. 2021)

e Tillage has a negative impact on CO; emissions as ploughing of soil
is generally done using tractors and agricultural machinery that runs
on diesel. Reducing tillage reduces burning of diesel, which leads to
a reduction in overall agriculture-related GHG emissions (Akbarnia
and Farhani 2014, Bhan and Behera 2014, Pratibha et al. 2019).

o Tillage also has a longer-term impact on the soil’s structure and
organic carbon content. Reducing tillage can thus also improve the
soil’s organic content and ultimately fertility, while also enhancing
the soil’s ability to sequester carbon over multiple sowing seasons by
improving its biological activity (Haddaway et al. 2016).

In the absence of awareness and prioritization of environmental impacts of
fertilizer use, farmers tend to use too much of inorganic fertilizers (as they are
easily and cheaply available, especially due to government subsidies) relative
to what is optimum from the point of view of minimizing negative climate
impact without compromising on agricultural productivity (Cole and Sharma
2017, Dar et al. 2023, Duflo et al. 2011, Islam and Beg 2021).

e Inorganic fertilizers are responsible for a substantial fraction of
agriculture-related GHG emissions in the form of N.O (Menegat et
al. 2022).). It is generally possible to reduce these emissions without
compromising on farm productivity (Lal et al. 2021), e.g., through
better tailoring of inorganic fertilizer use to a specific farm’s soil
requirements so that only the necessary amount of each kind of
inorganic fertilizer is used.

e  Further reduction in inorganic fertilizer use can be achieved by using
an organic fertilizer (e.g., farmyard manure often available as a by-
product of agricultural activities) to substitute for some of the soil
nutrients for which farmers over-rely on inorganic fertilizers
(Menegat et al. 2022). This also has the additional long-term benefit
of enhancing soil fertility and sequestering more organic carbon in
soil over time, even though farmers are often not aware of this
(O'Brien and Hatfield 2019, Han et al. 2016, Liu et al. 2020).
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Table 3a. Village-level summary statistics and balance check for the randomization

Variable Description Base Intervention Intervention Full
Program Group A Group B Sample

Total Village level population based on 3,379.73 3,056.79 2,723.33 3,064.19

population Govt. of India’s 2011 census data (3,806.62) (3,696.86) (3,230.86) (3,595.41)

Village area Total area of village in hectares based 908.49 844.46 771.91 843.53
on Govt. of India’s 2011 census data (704.69) (527.97) (521.11) (594.90)

Literacy rate | Share of total population that is literate 0.63 0.62 0.63 0.63
(had some schooling and can read and (0.06) (0.06) (0.06) (0.06)
write with some understanding) based
on Govt. of India’s 2011 census data

Rural poverty | Share of total population below 31 INR 0.17 0.18 0.17 0.18

rate poverty line based on Govt. of India’s (0.12) (0.13) (0.12) (0.12)
2012 SECC data

Agriculture Share of the total population with 0.44 0.45 0.44 0.44

main income | agriculture as the main source of (0.22) (0.19) (0.20) (0.20)
income, based on Govt. of India’s 2012
SECC data and 2011 census data

Daily hours ~ Daily hours of power for all types of 17.33 17.47 18.25 17.67
uses (average of daily summer and

ower 4.59 4.76 5.67 5.02

P winter hours of power) based on Govt. (459) (4.76) (567) (5.02)
of India’s 2011 census data

Night light DMSP-OLS based on 2013 satellite 119.57 119.68 111.85 117.17
data that gives annual measures of (104.23) (108.83) (94.23) (102.54)
night light luminosity

Number of 127 120 115 362

villages

Notes. Standard deviations in parentheses. This table has been generated using village-level socioeconomic census data
from Asher et al (2021). Villages for which a particular variable’s value was missing (about 3% of the cases on average)
were excluded in calculating its mean. As a formal statistical test for the balance check, we also carried out pairwise t-
tests for each of the variables for Intervention A as well as Intervention B relative to the base program (our control group).
Among the 14 t-tests following this procedure (7 variables x 2 pairs of groups), the equality of means could not be rejected
in any of the cases at p=0.05, indicating that the sample was well balanced, and that the randomization worked as expected.
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Table 3b. Farmer-level summary statistics

Variable Description Base Intervention Intervention Full
Program Group A Group B Sample

Age Age of the farmer in years 41.73 41.76 42.90 42.08
pre-experiment (8.13) (7.77) (8.79) (8.22)

Household size Total members in the 7.10 6.88 7.22 7.05
farmer’s household pre- (2.70) (2.61) (2.61) (2.64)
experiment

No formal Indicator variable for 0.05 0.10 0.05 0.07

education whether the farmer (0.21) (0.30) (0.23) (0.25)
completed any formal
schooling

Only primary Indicator variable 0.10 0.12 0.12 0.12

education indicating whether the (0.31) (0.33) (0.33) (0.32)
farmer completed primary
education (Class 1-5)

Land area Total land in hectares used 4.48 4.88 4.88 4.74
by the farmer for all (3.26) (3.78) (4.70) (3.92)
agricultural purposes

Land ownership Fraction of the farmer's 0.84 0.84 0.84 0.84
agricultural land that is (0.24) (0.24) (0.25) (0.24)
fully owned by them

Agriculture primary | Indicator variable for 0.86 0.90 0.88 0.88

source of income whether agriculture is the (0.35) (0.30) (0.32) (0.33)
primary source of income
for the farmer’s household

Number of farmers 914 926 765 2,605

Notes. Standard deviations in parentheses. This table has been generated using our baseline data collected just before the
experiment. Instances in which a particular variable was missing for a farmer (only 4 cases) were excluded in calculating
its mean.
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Table 4a. Summary statistics and difference-in-differences calculation for our four primary outcomes

Primary Business Outcomes Primary Environmental Outcomes
Continuation Land allocated Tillage Inorganic fertilizer
(indicator variable) (in hectares) (count variable) (in kgs/hectare)
First First First First
Pre Post Difference Pre Post Difference DID Pre Post Difference DID Pre Post Difference DID
Base i 0.841 i i 1.501 1.472 -0.026 4.452 4.409 -0.043 134.248 | 129.913 -4.298***
Program (0.012) (0.046) | (0.047) (0.050) - (0.036) | (0.036) (0.016) } (0.716) (0.752) (0.399) -
Intervention A 0.847 ) ) 1.529 1.473 -0.046 -0.020 4.606 4.465 -0.134 -0.091***| 133.828 | 125.752 -7.965*** | -3.667***
(0.012) (0.048) | (0.052) (0.045) (0.067) | (0.038) | (0.038) (0.020) (0.026) (0.731) (0.757) (0.525) (0.661)
Intervention B 0.909*** ) ) 1.602 2.037 0.434*** 10.460***| 4.482 4.049 -0.434*** |-0.391***| 133.494 | 121.144 | -12.270*** |-7.972***
(0.010) (0.066) | (0.069) (0.065) (0.081) | (0.039) | (0.043) (0.033) (0.035) (0.782) (0.826) (0.631) (0.724)

*p<0.10, " p<0.05 ™ p<0.01.
Notes: Standard errors are shown in parentheses. For the first primary outcome, Continuation, the pre-experiment, first difference and difference-in-differences (DID) statistics cannot

be calculated as it is only defined for the post-experiment period. For the remaining three primary outcomes, Land allocated, Tillage and Inorganic fertilizer, the DID statistics are
reported for Intervention A as well as Intervention B (relative to the base program, which serves as the control group in our field experiment).
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Table 4b. Multivariate regression analysis for our four primary outcomes

1) 2 3) “4) ) (6) (7 ®)
Continuation A Continuation — Land allocated A Land allocated Tillage A Tillage Inorganic fertilizer A Inorganic fertilizer

(Post) (Post — Pre) (Post) (Post — Pre) (Post) (Post — Pre) (Post) (Post — Pre)
Intervention A 0.010 - -0.077 -0.067 -0.103 -0.108™" -4.143™ -2.794™

(0.024) - (0.086) (0.090) (0.082) (0.040) (1.793) (1.106)
Intervention B 0.068™" - 0.442"™" 0.484™ -0.496™" -0.403™" -10.062"" -8.158™"

(0.024) - (0.102) (0.110) (0.088) (0.063) (1.911) (1.134)
Observations 2,416 - 2,416 2,416 2,416 2,416 2,416 2,416
Farmer and village Yes - Yes Yes Yes Yes Yes Yes
level controls
Center FE Yes - Yes Yes Yes Yes Yes Yes

*p<0.10, " p<0.05 ™ p<0.01.

Notes: Robust standard errors clustered at the village level (the unit of randomization) are reported in parentheses. The coefficient estimates for the farmer and village level controls,
the center level indicator variables and constant terms are not shown here to save space but are available from the authors on request. The sample size used here is 2,416 farmers instead
of 2,605 farmers in our original sample due to two reasons for which a total of 189 observations (7% of the original sample) get dropped. First, 24 farmers could not be surveyed post-
experiment due to their unavailability (although there is no statistical difference in attrition rates across the experimental groups). Second, there were missing values for one or more
of the control variables in 165 cases (although the findings remain very similar if we simply exclude the control variables with missing values in order to be able to use a more complete
sample).
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Table 4c: Delving deeper into use of different kinds of fertilizers

1) ) ®) (4) ©) (6)
Inorganic A Inorganic Inorganic A Inorganic Organic fertilizer: Farmyard A Organic fertilizer: Farmyard
fertilizer: DAP fertilizer: DAP fertilizer: Urea fertilizer: Urea manure (MT/hectare) manure (MT/hectare)
(Post) (Post-Pre) (Post) (Post-Pre) (Post) (Post-Pre)
Intervention A -4.008™" -3.454™ -4.279" -2.134 0.394" 0.190
(1.459) (0.986) (2.373) (1.504) (0.224) (0.170)
Intervention B -10.423™ -9.054™" -9.701™ -7.262™" 1.442" 1.561™"
(1.757) (1.413) (2.442) (1.306) (0.323) (0.292)
Observations 2,416 2,416 2,416 2,416 2,416 2,416
Farmer and village Yes Yes Yes Yes Yes Yes
level controls
Centre FE Yes Yes Yes Yes Yes Yes

“p<0.10, " p<0.05 ~ p<0.01

Notes: Robust standard errors clustered at the village level (the unit of randomization) are reported in parentheses. The coefficient estimates for the farmer and village level controls,
the center level indicator variables and constant terms are not shown here to save space but are available from the authors on request. Supplier farmers in our context use two kinds of
inorganic fertilizers: DAP and urea. Digging further into the analysis of their average use as reported in Table 4b, this table provides detailed analysis of the two kinds of inorganic
fertilizers separately as well as the associated change in use of organic fertilizer (as explained in Table 2). The findings demonstrate two ways in which reduction in inorganic fertilizers
took place because of our interventions. The first was by reducing excessive inorganic fertilizer usage relative to appropriate quantity required by the soil-specific condition for crop
growth. The second was by using greater quantity of organic fertilizers as the farmers learnt to substitute inorganic fertilizers with organic nutrient options such as farmyard manure.
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Table 5a: Average GHG emissions reduction per incremental dollar invested in Intervention A or B (relative to the base program)

Intervention A

Intervention B

Data sources, assumptions and details of the calculations

Average reduction in DAP fertilizer used by the 5.32 13.94 This calculation involves taking the estimate for the average reduction in use of DAP per farmer in kgs per hectare from

farmers (in kgs per farmer) column (2) in Table 4c and multiplying it with the average farmer’s plot size of 1.54 hectares allocated for growing Crop X for
the firm as per the firm’s records.

Average GHG emissions reduction from reduction 3.60 9.45 The fraction of nitrogen in DAP (by weight) is 0.18, which we use to calculate three kinds of GHG emissions in line with

in DAP fertilizer used by farmers (in CO,- IPCC (2019). The first is the direct N,O emissions from the soil due to microbial conversion of the nitrogen. The second is

equivalent kgs per farmer) indirect N,O emissions from the nitrogen emitted via volatilization and redeposition after application. The third is indirect N,O
emissions from the nitrogen lost to water via leaching/runoff after application. For each component, the fraction of susceptible
nitrogen in DAP is multiplied by the respective “Tier 1, N;O-N” emissions factor (for dry climate with annual precipitation
<1,000 mm, which is the case in our setting) to estimate the resulting “N,O-N" emissions. These estimated emissions are then
further converted to equivalent N,O emissions using the IPCC-recommended factor of 44/28, which are then finally converted
to CO,-equivalent terms using the relative global warming potential of 298 for N,O.

Average reduction in urea fertilizer used by the 3.29 11.18 This calculation involves taking the estimate for the average reduction in use of urea per farmer in kgs per hectare from

farmers (in kgs per farmer) column (4) in Table 4c and multiplying it with the average farmer’s plot size of 1.54 hectares allocated for growing Crop X for
the firm as per the firm’s records.

Average GHG emissions reduction from reduction 6.60 22.45 This calculation is analogous to the DAP calculation above except for two things. First, the fraction of nitrogen in urea (by

in urea fertilizer used by the farmers (in CO»- weight) i_s 0.46. Sect_Jnd,_ for urea there is an additiopal_ component of emissio_ns in the form of direct CO, emissions from urea

equivalent kgs per farmer) hydrolysis post application, calculated using an emission factor of 0.2 per unit (IPCC 2019, Islam and Beg 2021).

Average reduction in the extent of tillage carried 0.108 0.403 This is the estimated average reduction in tillage per farmer taken from column (6) in Table 4b.

out by the farmers (in tillage count per farmer)

Average GHG emission reduction from reduction 7.58 28.28 We take the average reduction in tillage for each intervention from the previous row, and multiply it by the diesel use averted

in tillage by the farmers (in CO2-equivalent kgs per per hectare, Which is assumed as 17 _Iiters per hectare (AdeW(_inn an_d Ajav, 2013, Akbarnia and Farhani 2014). To get the

farmer) average quantity of reduced use of diesel per farmer we multiply this further by the average farmer’s plot size of 1.54 hectares
allocated for growing Crop X for the firm. Finally, to get the reduction in CO, emissions (in kgs per farmer), we multiply the
previous figure by the quantity of CO, emissions averted per liter of diesel use averted, assumed to be 2.68 kgs/liter.

Total incremental average GHG emissions 17.78 60.17 This is the sum of the three kinds of GHG emission savings calculated above for each of the two interventions relative to the

reduction realized by the farmers (sum of the base program: those from reduced usage of DAP, those from reduced usage of urea, and those from reduced land tillage.

above three, in CO2-equivalent kgs per farmer)

Cost to the firm for providing free soil testing to the 700.00 700.00 Providing the soil test costs the firm 700 INR per farmer as per the firm’s records, and the firm provided this service to the

farmers (in INR per farmer) farmer for free in both Intervention A and Intervention B.

Cost to the firm for providing the agronomist 600.00 Assumes a cost allocation of 400 INR from salary and 200 INR from travel expenses per farmer visit by the agronomist.

support to the farmers (in INR per farmer)

Total incremental average cost of the intervention 700.00 1,300.00 This is the sum of the two kinds of costs of investments made by the firm: cost of the soil test service in the case of

relative to the base program (calculated as sum of Intervention A and cost of soil test service and firm provided agronomist support in the case of Intervention B.

above two, in INR per farmer)

Effective GHG emissions reduction per INR (in 0.03 0.05

COz-equivalent kgs per INR)

Effective GHG emissions reduction per dollar (in 2.11 3.84 This calculation uses the average exchange rate of approximately 83 INR/USD for December 2023.

COz-equivalent kgs per dollar)

Effective cost per unit of emissions reduction 474 260

achieved (in dollars per COz-equivalent tons)

Notes: This table documents three kinds of potential emissions reduction achieved in Intervention A as well as Intervention B. For Intervention A, the average GHG emissions reduction relative to the
base program was 17.78 CO2-equivalent kgs per farmer, and the intervention’s incremental cost was 700 INR (USD 8.43) per farmer, implying an average effective cost of USD 474 per CO2-equivalent
tons for emissions reduction. For Intervention B, the incremental average GHG emission reduction relative to the base program was 60.17 CO:z-equivalent kgs per farmer and the incremental cost was
1,300 INR (USD 15.67) per farmer, implying a lower cost of USD 260 per CO2-equivalent tons for emissions reduction.
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Table 5b: Average cost savings realized by a farmer in Intervention A or B (relative to the base program)

Intervention A Intervention B | Data sources, assumptions and details of the calculations

Average reduction in DAP fertilizer used by 5.32 13.94 This calculation involves taking the estimate for the average reduction in use of DAP per farmer in kgs per hectare from

the farmers (in kgs per farmer) column (2) in Table 4¢ and multiplying it with the average farmer’s plot size of 1.54 hectares allocated for growing
Crop X for the firm as per the firm’s records.

Average cost saving from reduction in DAP 127.66 334.64 This is calculated based on the cost savings resulting from the reduced use of DAP, by assuming the price of one bag of

fertilizer used by the farmers (in INR per DAP as 1200 INR and the size of one bag of DAP as 50 kgs as per the firm's records.

farmer)

Average reduction in urea fertilizer used by 3.29 11.18 This calculation involves taking the estimate for the average reduction in use of urea per farmer in kgs per hectare from

the farmers (in kgs per farmer) column (4) in Table 4c¢ and multiplying it with the average farmer’s plot size of 1.54 hectares allocated for growing
Crop X for the firm as per the firm’s records.

Average cost saving from reduction in urea 20.45 69.59 This is calculated based on the cost savings resulting from the reduced use of urea, by assuming the price of one bag of

fertilizer use by the farmers (in INR per urea as 280 INR and the size of one bag of urea as 45 kgs as per the firm's records.

farmer)

Average reduction in land tillage carried out 0.108 0.403 This is the estimated average reduction in tillage per farmer taken from column (6) in Table 4b.

by the farmers (in tillage count per farmer)

Average cost saving from reduction in land 254.47 949.55 This calculation is based on the cost saving resulting from reduced use of diesel from reduced tillage. We take the

tillage by the farmers (in INR per farmer) average reduction in land tillage by the farmer (from the previous row) and multiply it by the averted rate of diesel burnt
per hectare assumed as 17 liters per hectare (Adewoyin and Ajav, 2013). To get the average quantity of reduced use of
diesel per farmer we multiply by the average farmer’s plot size of 1.54 hectares allocated for growing Crop X for the
firm as per the firm’s records. Finally, we calculate the average cost saving by multiplying with the price of diesel
assumed as 90 INR/liter.

Total incremental average cost saving per 403 1,354 This is the sum of the three kinds of cost savings listed above for the two interventions relative to the base program:

farmer (sum of the above three, in INR per those from reduced usage of the two kinds of inorganic fertilizers (DAP and urea), and those from reduced tillage.

farmer)

Additional cost saving from the free soil 700.00 700.00 This was a conservative estimate based on the firm’s internal cost for providing a soil test to the farmer. If the farmer

testing service for farmers who would have were to procure the soil testing service externally, it would likely cost at least 700 INR, but it was provided to the

otherwise purchased it (in INR per farmer) farmer for free in both intervention A and intervention B.

Notes: This table documents the cost savings accruing to the average farmer in Intervention A or Intervention B relative to the base program from multiple sources: reduced use of the inorganic fertilizers,
urea and DAP and reduced use of diesel due to reduction in tillage. The calculation reveals that Intervention A generated 403 INR (USD 4.85) in cost savings for the average farmer, while Intervention B
generated 1,354 INR (USD 16.31) in cost savings for the average farmer. Further cost savings of 700 INR (USD 8.43) would also have been realized from getting access to free soil testing service through
the firm for farmers who would have otherwise paid for procuring a similar service externally on their own instead.
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Table 6: Hlustrative quotes from post-experiment field interviews

The

farmers’ experience with the firm’s program following Intervention A

[1]

“Productivity and quality of my <Crop X> has improved a lot. The soil test report this year in particular helped me
add to my soil the required balanced nutrients and add fertilizers in appropriate quantities...My knowledge of
<Crop X> improved and | am more aware of climate-friendly practices...The soil testing facilities from the
company are very helpful as | was able to reduce fertilizer costs...Through the <Field Officer> the company has
built good relations but I will hesitate to adopt practices if it reduces my crop productivity by a large amount...May
be I will adopt for a year on a trial basis because of the good relations with the company...” (Farmer #16)

[2]

“The <Field Officer’s> visits are planned for critical crop growing stages. This year he also got my soil sample as
the company offered the soil testing service for free. As a result the <Field Officer> was able to show me what my
soil was lacking and also his advice for <Crop X> was more relevant, tailored for my soil conditions...I also added
more farm yard manure (organic fertilizer) to the soil based on the soil test report and <Field Officer’s>
advice...<Crop X> productivity was the best this year compared to other crops and | am always assured that I will
get the best price from the <Firm> compared to other buyers in the market.” (Farmer #20)

[3]

“I will try and consider adopting the climate-friendly practices that the company recommends. Their advice based
on the soil report is useful but for me the trust | have on the <Firm> because of the relationship built by the field
staff - that is more fundamental.” (Farmer #21)

[4]

“The <Field Officer’s> advice on the quantity of <Crop X> seed required to be applied for my fields has saved me
both cost of seed purchased as well as quality because of how | was able to manage soil nutrients. | have seen the
result myself as well as the regularity of the support | have received. | feel assured that the company cares about
farmers, and I am more open to the climate friendly practices they recommended...” (Farmer #22)

The

farmers’ experience with the firm’s program following Intervention B

[5]

“This time <Agronomist> came and advised me on my agricultural matters - | have faith in what they say. If any
person from a company, | am not familiar with turns up and offers advice for my agricultural matters I would
suspect the information he provides whereas | now readily listen to <Field Officer> or <Agronomist> advice as |
know the company has built a good relationship with us over time that has proven to be beneficial for us in the
past. | value that the company invested in sending knowledgeable, trained and expert staff to visit us and trust their
advice reliably much more than any advice | would receive from my peers or neighbors.” (Farmer #03)

[6]

“The <Agronomist’s> visit was especially helpful. | was able to ask questions to understand my soil's nutrients and
its health in more details such as nitrogen, magnesium and zinc content. I no longer had to guess-work how much
fertilizers | need to add, and | saved costs by adding the appropriate quantity of fertilizer for productivity. The
company's initiative to not only provide soil testing service but also send the <Agronomist> to provide us
information and advice showed it wants to invest in us farmers...l also reduced tillage because the <Agronomist>
advised that excess tillage does not benefit productivity but increases cost and harms my soil in the long term...1
trust his advice and adopted reduced tillage even though | have been practicing higher tillage since | started
farming.” (Farmer #01)

[7]

“I reduced tillage and also started using farmyard manure (organic fertilizer) according to proper methods. I was
not aware before that higher tillage harms the soil nor did anyone point out the appropriate method for adding
organic inputs...The <Agronomist> visit gave me the opportunity to ask about these things in detail. But just
knowledge and awareness is not enough. | have to be sure that the advisory comes from a trustworthy source...The
company has been providing good seeds and <Crop X> sale price last few years and now | trust the <Firm’s> staff
completely...Unlike other <Competitor firm> who only sends its officers to sell their seeds for its own profit
without ongoing support for or investing in farmers and the relationship, <Field Officer> and <Agronomist> have
provided so much support that there is a strong relationship - | can rely on any advice they give as the <Firm>
provided support has benefitted before...” (Farmer #04)

[8]

“Every year for the past few years the <Firm> has been providing continuous support for <Crop X>. | have seen
the ongoing commitment to building this relationship with farmers. This year | received additional support from
<Field Officer> and <Agronomist>...The support is timely and reliable and I do not hesitate to take up their advice
because in my experience the company wants to profit but by creating more benefit for farmers...The company
recommends various practices because it wants farmers to be more productive...The <Agronomist> visit was not
targeted at just <Crop X> but also for other crops, so the company is not focusing on just its own <Crop X> profits
but also on things that will benefit the farmer in the long term for the ongoing relationship...I have adopted their
recommendations for climate-friendly practices and will see what the results are at the end of the season...l have
recommended other farmers to join this program.” (Farmer #11)
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Table 7: Regression analysis for additional outcomes of interest

1) ) ®) (4) ©®) (6)
Willingness to adopt Perception of firm Satisfaction with the Would recommend Reasonable hypothetical Sold Crop X to
recommended practices  investment in relationship program program to others annual fees other buyers

(7-point Likert scale)

(7-point Likert scale)

(7-point Likert scale)

(7-point Likert scale)

(INR/annum)

(indicator variable)

Intervention A 0.396™" 0.740™" 0.717™ 0.628™" 33.697 0.012
(0.108) (0.109) (0.115) (0.082) (3.841) (0.023)

Intervention B 1.897™ 1.985™ 2.168™ 1.726™ 86.857"" -0.041"
(0.108) (0.105) (0.128) (0.109) (4.581) (0.023)

Observations 2,416 2,416 2,416 2,416 2,416 2,439

Farmer and village Yes Yes Yes Yes Yes Yes

level controls

Center FE Yes Yes Yes Yes Yes Yes

“p<0.10, " p <0.05 ™ p<0.01.

Notes: Robust standard errors clustered at the village level are reported in parentheses. The coefficient estimates for the farmer and village level controls, the center level indicator
variables and the constant term are not shown to save space but are available upon request. The first four outcomes are based on seven-point Likert scale questions from our endline
survey: Willingness to adopt firm recommended practices captures how willing a farmer would be to adopt climate-friendly practices recommended by the firm, Perception of firm
investment in relationship captures the extent to which a farmer thought the firm had invested in building a relationship with them, Satisfaction with the program rating captures how
satisfied a farmer was with the firm’s program, and Would recommend program to others captures how likely a farmer would be to recommend the firm’s program to other farmers.
The outcome Reasonable hypothetical annual fees is measured using an endline survey question asking farmers to select (from a hypothetical set of choices provided) the annual
monetary fee they would be willing to pay for the services they received through the firm’s program (the lowest choice being “50 INR per annum” and the highest being “250 INR per
annum”). The sample size for columns (1) to (5) is 2,416 farmers instead of 2,605 farmers due to two reasons that led to a total of 189 observations (7% of the original sample) getting
dropped. First, 24 farmers could not be surveyed post-experiment due to their unavailability (though there is no statistical difference in attrition across the experimental groups). Second,
as already mentioned, there were missing values for one or more of the control variables in 165 cases (though the findings again remain similar if we simply exclude the controls with
missing observations). The outcome Sold Crop X to other buyers employed in column (6) is an indicator defined using the firm’s proprietary data and capturing whether or not a given
farmer sold their Crop X produce to buyers other than our partner firm. The sample size for column (6) is 2,439 instead of 2,605 farmers in our original sample due to two reasons that
led to a total of 166 observations (6.4% of the original sample) getting dropped. First, post-experiment Crop X sale data was not available for one farmer. Second, there were missing
values for one or more of the crols in 165 cases (though the findings remain similar if we simply exclude the controls with missing observations).
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Firm

16 Centers

362 Villages

2,605 Supplier Farmers

Figure 1. Organization structure of the firm’s Crop X sourcing program

Note. Each center serves a group of villages. Farmers use the center closest to their respective villages as the place for
selling their agricultural produce, and the potential buyers can include our partner firm as well as other buyers. The firm’s
operations within each center area were typically carried out by a unique field officer, the only exceptions being a large
center that had two field officers and two small and proximal centers that were managed by a single field officer.

Base program: Control Group

Market linkages, Crop X-specific training and basic Business Outcomes
advisory on decarbonization practices

127 villages (914 farmers) (1) Continuation
(2) Land allocated

-

Intervention A: Personalized Crop-Specific Advisory

Overall experimental sample Base program + Personalized Crop X-specific advisory
362 villages (2,605 farmers) based on a free soil testing service for the farmer

120 villages (926 farmers)

/

- ~ Environmental Outcomes

Intervention B: Personalized Crop-Specific as well as .
Broader Advisory (1) Tillage o
Intervention A + broader agricultural advisory relevant for (2) Inorganic fertilizer
all crops during a visit by an expert agronomist

115 villages (765 farmers)

Figure 2. Design of our field experiment

Note. Our research design used a stratified randomization strategy wherein the program villages within each of the
program centers were randomly assigned to one of three experimental groups: the base program (the control group),
Intervention A (a lower-investment intervention that extended the base program by adding personalized Crop X-specific
advisory based on a soil testing service provided to the farmer for free) and Intervention B (a higher-investment
intervention that, in addition to including everything that Intervention A included, also included a visit by an expert
agronomist to provide broad agricultural advisory relevant for all of the crops a given farmer grew). Although the unit of
randomization was the village, all activities associated with a given intervention as well as with both the baseline and
endline surveys were carried out one-on-one at the level of the individual farmers.
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Figure 3b. Distribution of our sample villages and farmers across the 16 centers
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Figure 4a. Treatment effect for the primary business outcomes

Notes: Vertical bars indicate 95% confidence intervals. Note that Continuation is defined only post-experiment, but Land
allocated was measured pre-experiment as well as post-experiment.
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Figure 4b. Treatment effect for the primary environmental outcomes

Notes: Vertical bars indicate 95% confidence intervals. Note that Tillage and Inorganic fertilizer were both measured pre-
experiment as well as post-experiment.
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